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2|A} 7ZHLK - wi-FI cHIP PRODUCTS

Long Range & Low Power for
loT Applications

IEEE 802.11ah
(Wi-Fi HaLow)

NRC7394

(High Performance)

< Upgraded version of NRC7292

% Long-range coverage up to .5Km
% 1/2/4MHz Bandwidth

Higher data rate: 150k~15Mbps
WPA3 Security

Power Saving: Legacy, WMM-P5

*
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WFA Certificate

NRC5293

NEufRAcong

NRC5293

(Ultra Low power)

< World's best Ultra Low Power
SoC

« Long-range coverage up to 1IKm
+ Data rate: 150kbps-12Mbps

% WPA3 Security

% Power Saving: Legacy, WMM-P5
“* WEFA Certificate

% Coin Cell Battery

Long Range Rural &

Remote Applications using

TV White Space
(TVWS & WMTS Wi-Fi)

NRC4792

NEufRAcong

NRC4792

% Frequency: TV White Space

(430~790MH2z)

< WMTS(Wireless Medical Telemetry

Service): 608~614MHz

% TVWS RF & 802.11ah Digital

Baseband/MAC

% Longer-range coverage of 3Km+

% Power saving: Legacy, WMM-PS

Low Power for loT
Applications (upcoming)

IEEE 802.11ax
(Wi-Fi 6)

NRC929X

NEufRAcong

NRC929x

% 2.4/5GHz IEEE 802.11ax
% Ultra Low power SoC

% 20/40MHz Bandwidth only for
loT Applications

< Security: WPA/WPA2/WPA3

% Implements 802.11ax power
saving features for battery
powered applications
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Bluetooth Low Energy
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Range, Log Scale

Source: “Wi-Fi HaLow: Wi-Fi for loT Applications” by Wi-Fi Alliance, May 2020.
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Wi-Fi HaLow - Low power(1)
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Radio Energy Efficiency Comparison
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Figure 6. Wi-Fi HaLow demonstrates at least
four times (4X) more energy efficiency than
several other well-known |oT technology
options.

Figure 7. Charts demonstrating Wi-Fi HaLow battery life based on battery capacity (left) and
transmission frequency (right)

Source: ‘Wi-Fi CERTIFIED HaLoW Technology Overview' Nov. 2021, Wi-Fi Alliance




Wi-Fi HaLoWw - Low power(2)
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LP WAN loT Technology Comparison PAN and LAN loT Technology Comparison
. . - Zigbee 2.4GHz Wi-Fi == Wi-Fi HaLow
LoRa— Sigfox— Wi-SUNm Wi-Fi HaLow — Z-Wave — Bluetooth Low Energy
Range
Range 9
Data Rate Battery life Data Rate Battery life
Ease of IP Ease of IP
Scalability Network Scalability Netw0|:k
Integration Integration
. . Installation and
Installation and Operating Operating
Cost Efficiency Cost Efficiency
Figure 3. Compared to other low power WANS, Figure 4. Wi-Fi HaLow meets key requirements
Wi-Fi HaLow excels in most measured attributes when compared to other |oT technology options

Source: ‘Wi-Fi CERTIFIED HaLoW Technology Overview' Nov. 2021, Wi-Fi Alliance



Wi-Fi HaLow -
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= SAE(Simultaneous Authentication of Equals) AtE
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= Wi-Fi CERTIFIED Enhanced Open™O|2t &
= Wi-Fi CERTIFIED Easy Connect™2}= Device Provisioning Protocol2

Security
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< Wi-Fi CERTIFIED Easy Connect™ >

Scan access point QR code or NFC
tag to establish the network
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NRC7394 = Chip Product

High Throughput (Upgraded version of NRC7292)

CPU Memory
s ARM Cortex-M3 for Wi-Fi & Applications % 32-KB Boot ROM
% High performance XIP with internal % Up to1024KB System SRAM

cache memory

Communication Peripherals
o GPIO X 26
o SPIX2
< UART X2
o 12CX2
% 4 channel 10-bit ADC X1

RF Transceiver

% Single-ended RF ports

% Frequency band: 850 ~ 950MHz
% Linear Tx output power: 177dBm
% Tx gain range: 35dB

¥ Rx noise figure: <6dB

¥  Max. input level: -10dBm

% 10bits ADC & DAC

% XIP with cache (2 ways, 16KB)
SRAM retention

X4

Chip Security

X/

% Secure Boot

HOST IIF

CPU Wi-Fi (IEEE 802.11ah SoC)
(C-SPI)

802.11ah Digital
Baseband

SSP(M/S)
(2-CH)

Cortex-M3
RF
PHY Transceiver
12C_Master
(2-CH)

MAC
MEMORY

HSUART
(2-CH)

Timer (4-CH)

RF_DIG_TOP

SRAMO, M1, M2

SPI

RTC/AUXADC

PWM (4-CH)

[ J
NEWRACOM

NRC7394

NRC7394 KEY FEATURES

High Performance
& Xf M& S5 : 15Mbps
< AP G X|Cj 2|Xt £ : 256,000 C|HIO| A
& AP ZF EA| x| ™M&X} £ 8,191 C|HIO|A

Key Features
% Compliance with IEEE 802.11ah draft 8.0

% Fully integrated on-chip Tlah Digital Baseband PHY &
MAC, RF transceiver, Processors, and Memory

% Support 1/2/4 MHz Bandwidth

% Low power mode operation
®* Legacy, WMM-PS, TWT

% AES-CCMP Security

% WPA3 key generation HW

< Dedicated SPI & UART I/F for Host

% Various peripheral I/Fs for sensor devices

% Manufacturing tools for Configuration & Test

% Diagnostic & DUT test tools for indoor & outdoor test




NRC7394 - module & EVK

NRC7394 Module

a NRM7394A (External PA)

18mm

NRC7394 EVK

DC Power
Adaptor
(6~18V, >1.5A)

Antenna

Raspberry Pi I/F
Flat cable

Raspberry Pi SD Caiig, N ‘ ‘, Raspberry Pi 4 B/D



N RC7394 - Applications

Logistics / Transportation

®M&7{2l: 1km
Z|ICH ©&S 5= 15Mbps
AP SAI HT HARE 8191 |

NRC7394
(Wi-Fi HaLow)

Solar Panel Monitoring Source: “Wi-Fi HaLow: Wi-Fi for loT Applications” by Wi-Fi Alliance, May 2020. Smart Metering



NRC7394 - performance NEWRATEK

(=1':rlx" 37H 'H‘E)

280m x 130m =S

e YR 2.44~3m
9% . 25cm EABE

1 U8 A A1 9|8 9l FH Al
LdEHAE A A1 ‘ = OJO|Ef #=& X|&:1294 & - OO|Ef %7 X|H: 2,087
(NRC7292 AL2) - EACHE X|E: R 2 (9e) - EACHE X|E: H 2 (92)
= @A TCP Thruput: 804.8 Kbps = @A TCP Thruput: 665.6 Kbps


https://youtu.be/JQN0R5MrB50

N RC7394 - Performance

)
LCHAE - M& E6|2t2/A8}S (NRC7292 ALE)
1.79 Mbps Average Throughput @ 500m (1,640ft) 2.58 Mbps Average Throughput @ 3km (9,840ft)
= 2MHz Channel Bandwidth = 2MHz Channel Bandwidth
= 922.5MHz Center Frequency = 924 5MHz Center Frequency
= 17dBm Transmit Power = 17dBm Transmit Power

Mg Hszz




N RC7394 - Performance

HaLow Throughput and Channel Bandwidth (NRC7292)

HalLow throughput and range can be tuned by selecting the appropriate channel
bandwidth for the application.

- PHY Data Rate (Theoretical)

Throughput (Mbps)
_|
@)
0
-
0
Q
o
©
=t

o

TMHz 2MHz 4MHz Bandwidth
(Longest range & lowest speed) (Medium range & medium speed) (Shortest range & highest speed)




NRC5293 = Chip Product

Ultra Low Power / Low Price

CPU

R/
0.0

R/
0.0

Communication Peripherals

0, 0, 0, 0,
0.0 0.0 0.0 0.0

0,
0.0

ARM Cortex-M3 for Wi-Fi & Applications

High performance XIP with internal cache

memory

GPIO X119

SPIX?2

UART X 2

2C X 2

4 channel 10-bit ADC X1

RF Transceiver

0 0 0, 0, 0, 0, 0,
0'0 0'0 0'0 0.0 0.0 0.0 0.0

0
0'0

Single-ended RF ports

Frequency band: 840 ~ 950MHz

Linear Tx output power: 3dBm

Tx gain range: 30dB

Rx noise figure: <6dB
Max. input level: -10dBm
10bits ADC & DAC

SBR sensitivity: -100dBm

HOST IIF
(C-SPI)

SSP(M/S)
(2-CH)

12C_Master
(2-CH)

HSUART
(2-CH)

Timer (4-CH)

Memory

% 32-KB Boot ROM

% 200KB System SRAM

% XIP with cache (2 ways, 16KB)
% SRAM retention

Chip Security

% Secure Boot

% Flash Encryption

CPU

Cortex-M3

MEMORY

SRAMO, M1,
M2

PWM (4-CH)

Wi-Fi (IEEE 802.11ah SoC)

802.11ah Digital

Baseband RE

Transceiver
PHY

MAC

Aux PLL

RF_DIG_TOP

PMS
SPI

[ ]
NEWRACOM

NRC5293

NRC5293 KEY FEATURES

Low Power

1.4 mA RX current
10 mA TX current @ 3 dBm output power

1.0 A Deep Sleep current (16 kB RAM
Retention and RTC running from LFXO)

Key Features

Compliance with IEEE 802.11ah draft 8.0

Fully integrated on-chip 11lah Digital Baseband PHY
& MAC, RF transceiver, Processors, and Memory

Support 1/2/4 MHz Bandwidth
Up to 12Mbps Data Rate

Low power mode operation
» Legacy, WMM-PS, TWT

AES-CCMP Security

WPA3 key generation HW

Various peripheral I/Fs for sensor devices
Manufacturing tools for Configuration & Test

Diagnostic & DUT test tools for indoor/outdoor test




NRC5293 - Ultra Low Power

HiE{2| = (BLE & Zigbee H|E CHH| 3H{ O] & +=H)

% Simulation Assumptions
= Battery capacity: 950mAh (CR2477), 75% of capacity useable (=712mAh)
= Device wakes up every 1(EE= 3) sec for 10ms to see if there is any data or command from gateway

= Device updates data 3 times a day, with each updates taking 3 sec

3sec

1sec

Periodically monitor
Active RX

Y

2

DA Active TX t
10ms Deep sleep Data update
NRC5293 Newracom 802.11ah 1.0uA 1.4mA TOmA (3dBm) 5.06 (12.11)
NRF52811 Nordic BLE 5.2 1IUA 4.6mA 4.6mA (0dBm) 171 (4.80)
CC1310 TI 802.15.49 0.7uA 55mA 13.4mA (13dBm) 1.42 (3.98)

EFR32BBG22 Silicon Labs BLE 5.2 1.4UA 3.6mA 41mA (0dBm) 215 (5.87)



N RC5293 - Applications

Sensors for Health Care

Coin Cell Battery (2+0|ItO| | =)
H&A2]: 0.5km
ZICH MESEE: 12Mbps
BLE/Zigbee CHH| H{E{2| =2 3H|

NRC5293

(Wi-Fi HaLow) .
Humidity Factory

Air/Humidity

Sensors for Smart Home Sensors for Factory / Building Automation



Application Demo




HaLow Demo — Access Point

* Wi-Fi HaLow Access Point

% Ethernet interface

% Support 1, 2, 4MHz Channels
% WPA3 & Enterprise Security
s NRC7292+Host Processor

s OpenWRT Support




HaLow Demo - ESL (Electronic Shelf Label)

Electronic Display/ESL
% High Client density

% Star or Mesh Topology

% Low Power and Long Battery Life

<  Demo on NRC7292 in Standalone
Mode

% Target Chip is NRC5292
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HaLow Demo - sensor Networks

* Sensor Demo

»  Temp/Humidity/Gyro/LED

% Low Latency and Long Range

% Demonstration of Standalone capabilities of NRC7292/7394

*| Sensor Network Monitor v1.1.0

Remote Server

AP
eth0 (ETHERNET) wlan0 (802.11AH)

MAC Address IP Address MAC Address IP Address

| B3:27:E5:62:05:1 [N 192.165.100.12 [N 6C:OF:FA:00:0F:03 IS 172.16.222.1 J

STALIST
Name Last Update Time LED Control Temperature Humidity Gyroscope
[ stai [N 2022/17/22 01:50:06 |
MAC Address IP Address OFF 22 .8 44 .9
[ oc:or:FA:00:2a:rc Qg 172.16.228.1

Name Last Update Time LED Control Temperature Humidity Gyroscope

[ sta2 [N 2022/17/22 01:30:06 ]

MAC Address IP Address AN 22.3 47 .1
[ 8C:0F:FA:00:0E:15 |

Data synchronized on 2022/17/22 17:58:35



HaLow Demo - HD IP camera

O e—
#{ Newracom ArduCAM Monitor v1.1.0

i START STREAMING iUpdatelnterval(s): 5 Vi [] image Preloading:

‘:’ Ha LOW ena bled Stl ” Ca mera N etWOI’k ] STAIP:[192168200.11 | STAPORT:[8099 || CAPTURE | ‘ V] STAIP:[192168.20012 | STAPORT:[3092 || CAPTURE

< Standalone operation of NRC7292

% Programmable picture interval

1000's of Cameras can be supported per AP

@ AspectFit |

Original [ ] Flip Vertically @ AspectFit Original [ ] Flip Vertically

V] STAIP: [192.168.200.13 STAPORT: (8099 || CAPTURE | [v] STAIP: [192.168.200.14 STAPORT: [3099 || CAPTURE

@ AspectFit () Original [ ] Flip Vertically ® AspectFit () Original [ | Flip Vertically



Additional Information




Module Partners

Module & Solution Ecosystem Partners

|
| Model:WSG300NRC
. MAC:145AFCF4A4F6

FCC ID: PPQ-WSG300NRC ¢

WSG300NRC AW-HMA482 GW16146 802.11ah WOHFSaSé ;')r::r\;v;i'f; ':;"‘ALTOW IEEE SOiélrlﬁﬂu'\)’("Z/ NGFF
(Wi-Fi HaLow Module) (Wi-Fi HaLow Module) (Wi-Fi HaLow Mini-PCle) (Wi-Fi Halow Module) (Wi-Fi HaLow Module)
: : - ) ‘ .H ® - .g _ﬁg Dﬁ. -
[ ]
!-::, Ii!.“‘(‘. ‘Z:‘-’_M)' REYAX
RYW?7292
32120
MAC ID:
05-52-16-A-7B-R6
SX-NEWAH SX-NEWAH-EVK-US HA92 Class RYW729x XTAG HalLow Sensor
(Wi-Fi HaLow Module) (Wi-Fi HaLow EVK) (Wi-Fi HaLow Module) (Wi-Fi HaLow Module) (Sensor Solution)

Silex Technology AIRETOS REYAX



Newratek Chip Roadmap

Market
Release

2023
e o ©

2024
e o ©

2025
® o6 o o

Sub 1GHz
<750-950MHz>
(Wi-Fi HaLow)

TVWS
<430-790MHz>

2.4GHz &
5GHz
(Wi-Fi 4/6)

[ ]
NewRAcom

NRC7292

NRC4791
Cs

[ ]
NewRAcom

NRC6791

NRC7292

(Long-range Wi-Fi)

Mass Production NRC7393
Ready Cs

NRC4792
(Long-range Wi-Fi in
TVWS bands)

NRC6791
(Cost-competitive &
Low-power Wi-Fi 4)
Mass Production Ready

[ ]
newRAacowm

NRC7394

NRC7394
(Upgraded Long-range &
High-performance Wi-Fi)

NRC5292
Cs

[ ]
NewRAcom

NRC5293

NRCxxxXx
2x2 MIMO
& 8MHz BW

[ ]
NEwRACOM

NRC5293
(Long-range & Ultra-
low Power Wi-Fi)

NRCXXXX

NRCXXXX_1

QLS00 (22nm ULLP)
cs >

(22nm)

CS: Customer Sample



Software

<+ Support for Variety of Platforms
= Linux
» FreeRTOS

» Windows and Non-OS w/ AT-command
over SPl or UART

6!

(_J
[y

Range Extension & Ad-hoc Low Power

Wake on Non-TIM

IEEE WLAN Power Save

802.11s
Mesh

Tree based
Mesh

TIM Power
Save

SW
Target
Features Wake Time

WPS Auto
Push Channel
Button Config.

Authentication
Control

Easy Installation High Client Count



Software

Standalone

Application runs on embedded
Cortex M3

» Single chips solution for
sensors applications,
electronics shelf labels, and
other battery powered loT
devices

>
<
<

32MHz

Standalone Type

Hostless
Communication to NRC Chips via
“AT style” commands

» Easy implementation with
variety of host devices

Hosted

Communication with NRC Chips
via SPI Interface

= Driver runs on Host Processor
and communicates via SPI
interface offering
performance and flexibility

HOST
(RTOS or
LINUX)

I

32MHz

(1oT Devices)

External Host Type




Regulatory

K/

% Sub1Gig (S1G) spectrum is not harmonized globally. However, the regulatory landscape is changing quickly with
increased adoption of S1IG LPWAN devices such as Lora. Contact us for the current status in your target region.

K/

% Halow solutions can be deployed globally by considering local regulations for frequency, transmit power, bandwidth,
and duty cycle.

K/

% Regardless of local regulations, HaLow provides the best combination of range, throughput, and battery life among S1G
technologies.

Europe China
Frequency Band Sub 1GHz (850 ~ 950MH2z) 863~868MHz 920~925MHz(TBD)
Channel Width 1/2/4/8/16 MHz

’ 470~510MHz
P-\-—

-

Range Up to TKm (outdoor) b

End Node Transmit | Dependent on regional

Power regulations (from1mW to1W) North Americ ASIA
Data Rate 150 Kbps ~ 346.666 Mbps 9027928MHz 920~925MHz
llia)si\gges per Access 8191
South America
Standard Body |EEE 802.11 working group 9027928MHz ' 865~867MHz
Topology Star, Relay, Mesh ’¥
Africa New Zealand/Australia

NRC7292/7393 operates in Sub-1GHz (840-950 MHz) 863~870MHz 915~928MHz



Standard

Attributes

Frequency

Data Rate (bps)

Range (m)

Modulation

Battery Life

Security

OTA firmware
updates

Subscription
required

TCP/IP (internet)
Network topology

Open standard

Comparison with Other loT Technologies

Sub-1GHz

150k - 86.7M
> 1k

OFDM over
BPSK, QPSK,

16/64/256 QAM

Years

WPA3™
Supports

No

Supports
Star / Relays

IEEE 802.11ah

Bluetooth
Low Energy

2.4GHz

125k - 2M

<100

GFSK

Years

128-bit AES in
CCMode

Supports

No

p2P* / Mesh

Bluetooth SIG

Z-Wave

Sub-1GHz

9.6k —100k

<30

GFSK

Years

Security 2 (S2)

No

Mesh

Proprietary

Zigbee

2.4GHz /
Sub-1GHz

250k

<20

BPSK/OQPSK

Years

128-bit AES in
CCMode

No

Mesh

I[EEE 802.15.4

Wi-SUN

Sub-1GHz

6.25 - 800k
(50k default)

<1k
MR-FSK /
MR-OFDM /
MR-OQPSK

Years

I[EEE 802.1X

No

Mesh

I[EEE 802.15.49

Sigfox
Sub-1 GHz

100 or 600

< 40k

DBPSK /
GFSK

Years

Session- level
security

Yes

Star

Proprietary

LoRaWAN

Sub-1 GHz

330 -27k

<10k

CSS

Years

128-bit AES in
CCMode

Yes

Star

Proprietary

NB-loT

Licensed

20k -127k

<10k

QPSK

Years

3GPP
Security

Yes

Star

3GPP LTE Cat-
NB1/NB2




Other HaLow Resources

X/

% Information

« Japan Tlah Counsel (AHPC) — (LINK & LINK) Great data in Japanese
*  Wi-Fi Now - Long form HalLow presentation video (LINK)

Wi-Fi Alliance - WFA HalLow Page (LINK)

*  Electronic Design - HaLow Overview (LINK)

* |EEE HaLow & NRC7292 Technical — (LINK)

 |EEE Survey of HalLow for loT — (LINK)

« EEWorld Halow 2-part article — (LINK)

* Rethink research — HaLow could spell Goodbye to Zigbee — (LINK)
+ Comparison of HaLow and 802.15.4 — (LINK)

+ 802.1lah: A technology to face the IoT Challenge — (LINK)

* DK Labs - Current overview of HaLow landscape — (LINK)

+ |EEE802.11ah Network Simulation — (LINK)

*  Gateworks Wiki — (LINK)

s 3rd Party Tools
+ Halow network simulator — (LINK)
+ Free Radio Coverage Modeling (contact us for HaLow parameters) — (LINK)
*  SIG native Linux (Droidifi) — (LINK)
« SX-NEWAK EVK Setup (Hacker.io) — (LINK)


https://www.11ahpc.org/news/20210624/index.html
https://www.telesa.or.jp/wp-content/uploads/tec_service_20210524_kouenkai.pdf
https://www.youtube.com/watch?v=nanav2fnPDs
https://www.wi-fi.org/discover-wi-fi/wi-fi-halow
https://www.electronicdesign.com/technologies/iot/article/21164477/morse-micro-whats-the-difference-between-wifi-halow-and-traditional-wifi
https://www.newracom.com/wp-content/uploads/2021/08/WiFi_HaLow_for_Long-Range_and_Low-Power_Internet_of_Things_System_on_Chip_Development_and_Performance_Evaluation.pdf
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8582141
https://www.eeworldonline.com/author/john-koon/
https://rethinkresearch.biz/articles/wifis-halow-could-spell-goodbye-to-z-wave-and-zigbee/
https://reader.elsevier.com/reader/sd/pii/S2405959516300650?token=96B5167B858DB1B7B3AD7C41E3CB6F1F5B449E7548F8F89021DEAE42158D8C0C091D265DB6B0F6ED542464B8C241132D&originRegion=us-east-1&originCreation=20210930204248
https://www.mdpi.com/1424-8220/16/11/1960
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