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Abstract. Narrowband Internet of Things has great advantage over low speed rate, which is a new 
cellular technology based on 3GPP Release 13 standard. NB-IoT plays an extremely important role in 
the era of all things interconnected as a technology of low power consumption and wide area 
coverage of LPWAN (Low Power Wide Area Network). This paper mainly discusses the technical 
superiority, standard and technical principle of NB-IoT, and proposes a set of research area based on 
agriculture applications. 

1. Introduction 
Now the proportion of Internet of Things technology in industry applications is growing every 

year, and the IoT technology has infiltrated into manufacturing, transportation and logistics, health 
care, consumer electronics, retail, automotive and other applications [1]. The era of all things 
interconnected is coming into our lives in the fast pace. One of the foundations of "all things 
interconnected" is that the different Internet of things have different requirements for data 
transmission and real-time. 

There are many kinds of communication technology in Internet of things, it can be divided into 
two categories: 

1) Short-range communication technology: Zigbee, Wi-Fi, Bluetooth, Z-wave, etc., the typical 
application scenarios such as smart home; 

2) WAN communication technology: which is generally defined as LPWAN by industry and the 
typical application scenarios such as intelligent meter reading. 

    The current technology is mainly depend on 2G and 3G systems. The general needs of cellular 
networking, such as wide area coverage, indoor reception, low power consumption, low cost and 
support for large number of device access, can be achieved by the latest 3GPP standard NB-IoT 
technology based on 4G technology. 

2. NB-IoT technology advantages 
As a technology used in low-speed communication, NB-IoT has four major advantages, as 

follows: 
1) Wide coverage. NB-IoT technology boosts the 20dB gain compared to the GPRS base station. 

Underground garage and underground pipes can also be covered. 
2) Low power consumption. NB-IoT with PSM and eDRX can achieve longer standby. Low 

power consumption is an important indicator of the application of things and NB-IoT terminal 
module’s standby time can be up to 10 years. 

3) Low cost. Low speed, low power consumption, low bandwidth brings low cost advantage. The 
current cost of a single module do not exceed $5, and the goal is to cut prices to about $1. 

4) Large links. In the case of the same base station, NB-IoT can provide 50-100 times the number 
of accesses than existing wireless technologies. A sector can support 100,000 connections, 
supporting low latency sensitivity, low cost of equipment, low power consumption and optimized 
network architecture [2]. 

5th International Conference on Mechatronics, Materials, Chemistry and Computer Engineering (ICMMCCE 2017) 

Copyright © 2017, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Engineering Research, volume 141

1571



 

These advantages make NB-IoT very suitable for sensing, measurement, monitoring and other 
networking applications for intelligent meter reading, intelligent parking, vehicle tracking, logistics 
monitoring, sharing bicycles and smart wear, intelligent family, etc. [3]. 2G/3G/4G network and other 
wireless technologies currently used widely are unable to meet these challenges. 

3. NB-IoT key technology 

The NB-IoT standard was taken only 8 months to be frozen, and it cost the least time in the 3GPP 
standards. After completing the performance standards development in September 2016 and 
completing the conformance test in December, several major operators are currently competing to lay 
out the NB-IoT base station network, so it is expected that the NB-IoT will enter the mass commercial 
stage [4]. 

    NB-IoT can solve the problem of indoor coverage enhancement, support huge amount of 
low-rate equipment access, low latency sensitive, low cost of equipment, low power consumption and 
network architecture optimization, mainly due to its own key technology. 
3.1 NB-IoT network deployment mode 

NB-IoT supports three deployment modes: stand-alone deployment, guard deployment, in-band 
deployment, as shown in Figure 1: 

 
Fig.1 NB-IoT three deployment mode 

1) Stand-alone (Stand-alone): can use a separate band, suitable for GSM band re-farming; 
2) Guard band deployment (Guard-band): can use the edge of the LTE system useless band, 

bandwidth 180kHz; 
3) In-band: Any resource block in the middle of the LTE carrier can be used. 
With three different types of network deployments, the NB-IoT makes full and efficient use of 

spectrum resources. 
3.2 NB-IoT half-duplex mode 

In the 3GPP R13 version, the NB-IoT only supports the FDD half-duplex type-B mode [5]. In the 
type-B, the UE does not receive the downlink signal when the upstream signal and the subsequent 
subframe are transmitted, so that the guard slot is lengthened, which reduces the requirement of the 
device and improves the reliability of the signal.  
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Fig.2 NB-IoT half-duplex mode of operation 

3.3 Changes to the NB-IoT physical layer 
NB-IoT system downlink transmission bandwidth of 180kHz, using the same LTE 15kHz 

subcarrier spacing, downlink multiple access mode O for OFDMA, frame structure and physical 
resource units are also used to follow the existing LTE design. 

The NB-IoT system reduces the type of downstream physical channel and redesigns some 
downstream physical channels, synchronization signals and reference signals for the 180kHz 
downlink transmission bandwidth and the need for depth coverage. 

The NB-IoT system has an uplink transmission bandwidth of 180kHz and supports two subcarrier 
intervals: 3.75kHz and 15kHz. For coverage enhancement scenarios, the 3.75kHz subcarrier spacing 
can provide a wider coverage than the 15kHz subcarrier spacing.     
3.4 NB-IoT low power technology 

NB-IoT with PSM and eDRX can achieve longer standby, as follows: 
PSM (Power Saving Mode). In this mode, the terminal is still registered in the network but the 

signaling is unreachable, so that the terminal stay in the deep sleep for a long time to achieve the 
purpose of saving power. 

eDRX (Enhanced Discontinuous Reception). eDRX is one of the new features of R13, which 
extend the non-continuous reception. It makes terminal further extend the sleep cycle in the idle mode, 
reducing the unnecessary start of the receiving unit, and greatly enhances the downstream 
reachability. 

 
Fig.3 NB-IoT low power technology PSM & eDRX 

 
The target of NB-IoT is to build al low-rate, low-frequency business model with an equivalent 

battery life of more than 10 years. According to the simulation data of TR45.820, PSM and eDRX are 
deployed in the harsh environment with 164dB of coupling loss. If the terminal sends 200byte 
packets every day, the battery life can reach 12.8 years. 
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4. NB-IoT Applications 
NB-IoT has great advantage in agricultural applications and industry applications compared with 

Zigbee and GPRS technology. It is knows that Zigbee is low power WSN technology, but it can't 
connect to remote server directly. GPRS module can connect to remote server, but it needs more 
power and is more expensive than Zigbee module. NB-IoT has the advantage of both Zigbee and 
GPRS, so it has great development prospect especially in agriculture area. There have three 
agriculture environment: field, orchard and livestock.  

1) Field Environment 
Field crop is usually located in plain areas and have very large planting area. So it needs 

large-scale monitoring. The Zigbee-based WSN network need numerous monitoring nodes and 
routes, and its network topology is complex. The NB-IoT will be able to greatly reduce the required 
routing nodes and have the advantages of stable operation. Therefore, the application of NB-IoT in 
the field will be the future development trend. 

2) Orchard Environment 
The orchard environment includes plains and mountain orchards. The mountain orchards are 

susceptible to interference due to terrain, so the wireless signal transmission is susceptible to 
interference and influence. The transmission distance between the nodes is limited due to the 
complex orchard environment. The collected data are difficult to send to the remote server side. The 
domestic communications companies invest a lot of money to achieve a nationwide coverage of 
mobile base stations, so the NB-IoT network application in the orchard environment has the 
foundation of  reliable transmission, which can guarantee the mountain orchard environmental 
monitoring data transmission. Therefore, the orchard application of NB-IoT has obvious 
communication advantages. 

3) Livestock Environment 
In the livestock and poultry breeding area, the livestock and poultry animal object has the mobile 

characteristics. In this case, packet loss and network instability will occur because the WSN network 
is designed for static monitoring nodes. The NB-IoT technology is proposed in the mobile 
communication 3GPP standard, and it has the ability to support for mobile objects. So NB-IoT in 
livestock and poultry breeding also has a broad application prospects. 

5. Summary 
NB-IoT focuses specifically on indoor coverage, low cost, long battery life and enables a large 

number of devices connected. And it has a great prospect in agriculture, such as field environment, 
orchard environment and livestock environment. NB-IoT is ready to unlock the full potential of IoT. 
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