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Abstract- Bluetooth 4.0 (code named Bluetooth Lower Energy) is a new protocol specification defined by the Bluetooth 
SIG (Special Interest Group). Bluetooth 4.0 is a lower energy wireless communication protocol, which will allow small 
devices to transmit data power efficiently. The purpose of this paper is to cover the brief about the low power wireless 
technologies and architecture of Bluetooth 4.0. 
    Currently there are other short range low power wireless technologies in the market (IEEE 802.15.4, ZigBee, ANT and 
other proprietary solutions), so what is it all about new Bluetooth specification? What is it bringing on to the table? Well 
none of these wireless technologies have achieved notable market capitalization as Bluetooth technology. So how does it 
solve the problem? One of the possible solutions is to capitalize on the Bluetooth technology market success and build a 
technology which can be incorporated within existing Bluetooth® chip. 
   The Bluetooth 4.0 can be implemented either as Bluetooth dual mode (which is will communicate with single mode 
devices and classical Bluetooth devices) or only Bluetooth single mode (Which is power optimized and specifically designed 
for low power devices).  
     The low power devices (like wrist watch, TV remote controller, industrial sensors and Medical and Fitness devices) 
demands for highly power efficient wireless protocols, these devices can use the single mode chips and devices like mobiles, 
Computer and sensor controller can use Dual mode through which these device can communicate with low power devices 
and classical Bluetooth devices. The goal was to build a low cost wireless technology through which devices can work on 
coin cell batteries for more than a year, which resulted single mode Bluetooth 4.0. 
   The new Bluetooth 4.0 is designed to coexist with existing Bluetooth specifications. It works in the same frequency 
bandwidth (which is within ISM band – 2.4000 to 2.4835) and uses frequency hopping mechanism. But Bluetooth 4.0 
divides bandwidth into 39 channels, whereas classical Bluetooth divides into 78 channels and works using a simple hopping 
mechanism (note that hopping frequency is different for classical Bluetooth). 
    The Bluetooth 4.0 provides a unique blend of options through which device manufactures can develop high power devices 
with Dual mode which can communicate to low powered devices using LE links as well as to other high powered devices 
using normal Bluetooth links and silicon cost remains same as the same radio is being reused. The low powered devices can 
make use of power efficient single mode which is low cost and low powered. New protocol stack also provides simple 
interface for application programmers. 
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I. INTRODUCTION 
 
       Bluetooth, a new technology named after the 
10th century Danish king Harald. Bluetooth [1] is a 
recently proposed standard for local wireless 
communication and is becoming more popular. The 
primary goal of Bluetooth is a cable replacement 
protocol for wireless connectivity. Now it has 
extended to include the application scenarios of both 
voice/data access points and personal ad hoc 
networks. A diverse set of wired and wireless devices 
are Bluetooth connectable including office 
appliances, ex: desktop PCs, printers, projectors, 
laptops, and PDAs; communication appliances, e.g. 
speakers, handsets, pagers, and mobile phones; home 
appliances, ex:  DVD players, digital cameras, 
cooking ovens, washing machines, refrigerators, and 
thermostats. Bluetooth is suitable for a wide range of 
applications, ex:  wireless office and meeting room, 
smart home and vehicle, intelligent parking, electrical 
paying and banking. 
       Bluetooth is a de facto standard for ubiquitous 
devices to achieve the pervasive connectivity by low-
power and short-range.. The normal transmitting  

 
power is 1mW (0dBm) and the option is100mW. The 
normal range is 10m and the optional one 100m. It 
consumes power from 20mA to 30mA on different 
operating states. The cost of a Bluetooth solution 
(Single Chip) expects to be around $5 per device. 
      Bluetooth adopts master-slave architecture to 
form an ad hoc wireless network named piconet. A 
master inside a piconet may communicate with up to 
seven active slaves. Several connected piconets can 
further form a scatter net. Bluetooth was developed 
by Bluetooth SIG formed in May 1998. The founding 
members included Ericsson, Intel, IBM, Nokia, and 
Toshiba. 
      A master Bluetooth device can communicate with 
a maximum of seven devices in a piconet (an ad-hoc 
computer network using Bluetooth technology), even 
though not all devices reach this maximum. The 
devices can also switch roles, by agreement, and the 
slave can also become the master (for ex: a headset 
initiating a connection to a phone will necessarily 
begin as master and initiator of the connection; but 
may subsequently prefer to be slave).The Bluetooth 
Core Specification also provides for the connection of 
two or more piconets to form a scatter net, in which 
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certain devices simultaneously play the master role in 
one piconet and the slave role in another. 
 
II. TECHNOLOGIES OF BLUETOOTH 
 
    Like any other engineering practice, the design of 
Bluetooth has to compromise between different goals, 
like high throughput and low cost, large operation 
range and low power consumption. Throughout the 
specifications, you will find out the most deciding 
factors are low power and low cost. That’s the key for 
mobile applications. 
      Although the original goal is single chip 
implementation, due to difficulties of integrating RF 
part into CMOS chip, many vendors now use one 
baseband chip and one RF chip. Cambridge Silicon 
Radio is working on one chip solution, and already 
has some exciting products available. Its Blue 
Corehas almost all the functions in the chip, and only 
needs about 10 discrete components to construct a 
module. This makes people believe that the $5 goal 
may be not very far away. 
 

 
          

Figure 1. Bluetooth Hardware 
 
III. RF OF BLUETOOTH 
 
3.1 Frequency band and RF channels: 
    Works in ISM band: 2.4~2.4835 GHz (US, Europe 
and most other countries) Carrier frequency: 
f=2402+k MHz k=0...78 Hopping rate: 1 hop/packet. 
1600 hop/s for 1 slot packet Channel bandwidth: 
1MHz(-20dB) 220KHz(-3dB) Bluetooth uses 2.4GHz 
ISM band because it is an unlicensed band, and 
available in most countries. At this [2] frequency 
( =12.3cm), a very small antenna is possible. And 
higher frequency band may cause high cost on RF. 
For some countries with different bandwidth 
allocations, a reduced hop (23 hops) system is 
defined. According to current version of Bluetooth 
specs, 79/23 hops system can’t communicate to each 
other. This is a big problem for the original goal of 
global standard. However, Bluetooth SIG has been 
actively lobbying those countries with different 
regulations. France and Japan recently released the 
full ISM band. Spain is also working on it. It is very 
likely to use the same band globally in the future. In 
the 2.4GHz ISM band, the use of spread spectrum is 
mandatory. Although DSSS can achieve higher data 
rate (11Mbps for 802.11b standard), FHSS has its 
advantage of low cost, low power, better security.  

FHSS also handles near-far problem better, since it 
will effectively block out-of-band signals. 
Considering the possible applications of Bluetooth, 
FHSS is a better solution. The hopping sequence is 
calculated using the master’s Bluetooth Device 
Address. It hops to every 1MHz channel with equal 
probability. Its 1600hops/sec fast hopping rate is 
enough to overcome slow fading in most indoor 
environment, which has Doppler spread of 0.1~6Hz. 
The RMS delay spread usually ranges from 100ns to 
10µs. A typical 0.25µs RMS delay spread 
corresponds to 640KHz coherent bandwidth. 
        So different 1MHz channels will have different 
radio characteristics, and the FHSS will effectively 
solve the multipath and fading problem. For 1MHz 
channel, the 1Msps symbol rate is already fully 
exploiting the bandwidth. The 1MHz channel 
bandwidth was the requirement of FCC, but recent 
decision from FCC changed that to 5MHz. 
       This will probably enable the future version 
protocol to get higher data rate. Home RF is already 
taking advantage of this 5MHz channel to get 
10Mbps throughput. 2.4GHz ISM band is free to all; 
so many applications now are using this band. These 
applications include digital cordless phone, WLAN 
(802.11b), Home RF, RFID, [6] microwave oven and 
many other proprietary technologies. Although spread 
spectrum is mandatory for devices with a transmit 
power over 0dBm, considering the possible large 
number of units working in the same band, many 
people are worrying that the interference will make 
this band a “garbage band”. WLAN is trying to 
migrate to the 5.7GHz band. 
 
3.2 Transmitter characteristics 
 
     For higher bandwidth efficiency, Gaussian shaped 
binary FSK is used in Bluetooth. The bandwidth time 
product BT=0.5. The nominal modulation index is 
0.3. A binary zero is represented by negative 
frequency deviation, and one is represented by 
positive frequency deviation. The frequency deviation 
is no less than 115 KHz. 

 
Figure 2. GFSK Modulation [Bluetooth SIG] 

    GFSK is constant-envelope modulation, which 
enables the use of class C power amplifier for high 
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power efficiency. It’s also easier to implement 
compared to other modulation techniques. 
 
Bluetooth devices are divided to 3 power classes: 
Class 1: maximum output power of 20 dBm 
Class 2: maximum output power of 4 dBm 
Class 3: maximum output power of 0 dBm 
 
     Power control is mandatory for class 1 devices, 
and optional for others. Power control can effectively 
reduce the power consumption, which is critical for 
many portable devices. Power control can also 
minimize the interference to other devices. The power 
is controlled by Link Management Protocol (LMP) 
layer. The Bluetooth operating range depends on the 
environment. In an open space, the Bluetooth unit 
may have a large operating range. 
       
3.3 Receiver characteristics 
 
      For a raw bit error rate of 0.1%, Bluetooth 
devices should have a minimum sensitivity of -
70dBm, maximum-usable signal level of -20dBm. 
That’s a dynamic range of 50dB. Compared to that of 
many cellular phones, the sensitivity level of 
Bluetooth is much higher. The purpose is to allow 
higher substrate noise and low current LNA, thus to 
minimize the cost. A noise figure as large as 23 dB is 
allowed in Bluetooth receiver. The high noise figure 
allows the use of inexpensive components, and on-
chip interference for single chip implementation. For 
a raw bit error rate of 0.1%, Bluetooth devices should 
stand a co-channel interference of carrier to 
interference ratio CIR=11dB, 1MHz adjacent channel 
interference of CIR=0dB, 2MHz adjacent channel 
interference of CIR=-30dB and 3MHz adjacent 
channel interference of CIR=-40dB. These 
requirements translate to phase noise requirement for 
the VCO of –124dBc/Hz [18], this is less demanding 
than most cellular systems. This allows simple on-
chip VCO implementation. 
 
     Receiver Signal Strength Indicator (RSSI) is an 
optional feature, but most vendors selected to 
implement it, since this will help reduce the power 
consumption. It compares the received signal power 
to upper and lower thresholds to see if it’s within the 
“golden range” and notifies the transmitter via LMP. 
     RF design currently is a big hurdle for the 
Bluetooth single chip implementation. The cost of RF 
chip is the major part of most Bluetooth solutions 
now. The major difficulties to integrate RF circuit to 
deep sub-micron CMOS chip include lack of good RF 
model for CMOS circuit, and making high quality 
passive components. For the down converter, Very 
Low IF and Direct Conversion Receiver are gaining 
more support, because they have low requirements on 
filters and are easy to be integrated into CMOS chip. 
The low IF also eliminates the requirement for in-

band image rejection filter, thus reduces the cost and 
power consumption. 
IV. BASEBAND OF BLUETOOTH 
 

The following give the explanations of 
various baseband of Bluetooth 
4.1 Networking: 
    Bluetooth provides point-to-point and point-to-
multipoint connections. Several Bluetooth devices 
sharing the same channel (hopping sequence) form a 
piconet. 
 

 
 

Figure 3: Diagram of a Bluetooth Transceiver 
 
The unit that initiates the connection acts as the 
master, and it can have up to 7 active slaves and 256 
parked slaves. Physically the master and slave units 
are the same. 
    The master unit and one of it slave units may 
switch their roles in some cases. This capability is 
useful when the master wants to accommodate other 
piconet or setup a new piconet. 
Bluetooth provides ad hoc connectivity. Every 
Bluetooth unit can connect to other Bluetooth devices 
without the need of any infrastructure support or 
access points. A member of one piconet could also be 
a member of another piconet. A unit participating 
multiple piconets do so on time division basis. 
 

 
 

Figure 4: Bluetooth Network Topology [Bluetooth SIG] 
 
 Before one unit leaves one piconet, it tells 
the master it will not be available for a predetermined 
interval and places itself in sniff, hold or park mode, 
and then it adjusts its clock to another piconet and 
joins the conversation there. Such a unit may act as 
the bridge between two piconets. A master could also 
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be a slave of another piconet, but the communications 
of the whole piconet has to come to a full stop when 
it leaves, unless it switched its role with a slave. One 
unit cannot be the masters of two piconets at the same 
time; otherwise these two piconets will have the same 
hopping sequence and timing. 
    Bluetooth doesn’t support handoff between 
different piconets, since its target market is not 
Wireless LAN, but cable replacement and ad hoc 
network. However, such capability could be 
implemented in the network built on Bluetooth. Some 
research in this Topic is going on. 
     Many piconets together form a scatter net. Up to 
10 piconets can work together with minimal impact 
on each other. The throughput degradation in the 
presence of multiple piconet is given by [11]:TH=(1-
1/79)N-1 So the overall throughput of the scatter net 
could reach well above 10Mbps. The topology of 
scatter net will also effectively extend the operation 
range when some units act as bridge. 
     Slaves in the same piconet cannot communicate 
with each other directly. If one slave wants to talk to 
another, it can page that slave and set up a new 
piconet, or request to change its role from slave to 
master. Each Bluetooth unit has a unique 48-bit 
Bluetooth Device Address; this address is derived 
from IEEE802 standard.  
       A single Bluetooth channel has about 1Mbps data 
rate. Discussion of higher data rate version is 
underway. It’s believed the future version will have a 
10Mbps data rate to accommodate applications like 
real time video. 
 
4.2 Physical links: 
     Each piconet has a unique frequency hopping 
sequence. The sequence is determined by the 
Bluetooth Device Address of the master of the 
piconet. Since different piconets have different 
hopping sequence, they can communicate without 
interfering with each other, when the number of 
adjacent piconets is small. In typical office 
environment, up to 10 overlapped piconets can work 
very well with little impact on one another. 
            

 
    

Figure 5. Bluetooth MAC scheme [Bluetooth SIG] 

         The channel is time divided to slots of length 
625 S. Each packet can occupy 1, 3 or 5 slots. The 
hopping frequency keeps constant within a packet. 
The master uses the odd-numbered slots to transmit 
packets and the slaves use the even numbered slots. 
 Duplex between master and slaves is achieved by 
time division. One slave is only allowed to send 
packet to the master if the preceding packet is 
addressed to it. So this is a 
Centralized TDD scheme totally controlled by the 
master unit. 
Regular polling from the master is needed; otherwise 
the slave may not be able to get access to the channel 
for a long time if the master doesn’t communicate 
with it. 
 
4.3 Packets: 
     Each packet has 72-bits access code, 54-bits 
header and payload of variable size. Compared to 
802.11b, the packet of Bluetooth is much smaller, 
giving it advantage of Lower probability of error. 
       The access code is the same for all packets 
transmitted in one piconet. It consists of a 4-bit 
preamble, a 64-bit synchronization word and possibly 
a 4-bit trailer. The receiver of one Bluetooth unit uses 
a slide correlate to correlate against the sync word to 
determine the timing. Depending on the state of the 
piconet, the sync word is generated in different ways. 
The preamble and trailer are used for DC 
compensation.  
       One unit can find if the packet is addressed to it 
simply by looking at the header, it will go back to 
sleep for the rest of the slot if it is not for it. This 
design will reduce the power consumption even in the 
active mode. 
       The payload is of variable size, depending on the 
type of packet. The SCO link has only fixed-length 
voice field (with exception of DV packet, which has 
both voice and data field). On the ACL link, the data 
field itself contains a payload header, a payload body 
and possibly a payload CRC code. 
The payload header contains 3 fields: 
2-bit L_CH, used to identify logical channels 
1-bit FLOW for flow control 
5-bit LENGTH (8-bit for multi-slot packets) to 
indicate the variable payload size 
        There are seven types of data packets providing 
different error-correction scheme and throughput 
capability. The use of different types of packets 
depends on the negotiation result between the sender 
and receiver through the LMP. 
 
V. CHANNEL CONTROL 
 
        There are two major states for Bluetooth units: 
Connection and Standby, and seven sub states: page, 
page scan, inquiry, inquiry scan, master response, 
slave response, and inquiry response. These sub states 
are interim states that are used to establish a new 
piconet or add new slaves to one existing piconet. 
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         The default state for a Bluetooth unit is 
Standby. The unit in Standby state is in low power 
mode, and only wakes up to scan for paging or 
inquiring message for it. The period is under the 
control of LMP. In the Standby mode, the duty cycle 
of the Bluetooth unit is under 1%. 
To establish a new connection, the slave must know 
the timing of the master and the master need to know 
the Bluetooth Device Address of the slave unit. 
 

 
 

Figure 6: Link States 
The connection setup procedure is like this: The unit 
(master) who wants to build a connection with other 
units enters the inquiry state to see if there are others 
nearby. If another unit happens to be in inquiry scan 
state and receives its inquiry message, it will respond 
to the master with information of its Bluetooth device 
address. The master unit then enters page state, and 
uses the slave’s Bluetooth device address to construct 
a paging message. The slave in the page scan state 
will be able to receive this paging, and return a 
response. The master will send a FHS packet to help 
the slave to synchronize to the master clock. By now, 
a connection is established between the master and 
the slave. 
 

 
 

Figure 8: Connection Establishment 
 
VI. UPPER LAYERS 
 
        The RF and baseband of Bluetooth corresponds 
to the physical layer of OSI 7 layers model. The LMP 
layer is responsible for link setup and detachment, 
authentication, encryption, power control and link 
configuration. The Logical Link Control and 
Adaptation Layer Protocol (L2CAP) provides 

connection-oriented and connectionless data services 
to upper layer. Its duties include protocol 
multiplexing, segmentation and reassembly of upper 
layer PDUs of length up to 64KB, QoS support and 
Groups abstraction. 
 

 
 

Figure 7. Protocol Layers 
 
     RFCOMM is a protocol used to emulate RS232 
serial ports; this is useful since many existing 
applications are based on serial communications. Up 
to 60 simultaneous connections can exist between 2 
Bluetooth devices. RFCOMM is based on a subset of 
TS07.10. It can transfer non-data circuit states and 
emulate a null modem. 
The Service Discovery Protocol (SDP) enables 
mobile devices to find what services are available in 
proximity and the characteristics of the services. The 
SDP allows the client to search services with specific 
attributes (represented by a number UUID), or 
browse the services the server provides. The SDP 
only provides means for discovering the services, not 
for accessing those services. 
 
VII. MARKETING AND COMPETITION 
 
    According to the statistics of In-Stat Group, 
Bluetooth-enabled equipment shipments will reach 
955 million units in 2005.[5] The Bluetooth 
semiconductor market will rise to $4.4 billion in 
2005. 
 
The potential markets include: 
Digital mobile phones 
Digital cordless phones 
Wireless headsets 
Data access points (hot spots) 
Laptop, desktop and PDA 
Computer peripherals 
Digital cameras 
Home networking 
Some “hot spots” have already appeared in some 
hotels, shopping malls, airports and much more are 
coming. It’s expected that there will be a big leap in 
the market next year. 
Besides the market need, the vendors’ support will 
also play an important role. Bluetooth have great 
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support from manufacturers. Currently, Bluetooth 
SIG has about 2500 members, including almost all 
the key players in this market. 
 

VIII. COMPARISION 
 
       Devices using Bluetooth low energy wireless 
technology are expected to consume a fraction of the 
power of Classic Bluetooth enabled products for 
Bluetooth communication. In many cases, products 
will be able to operate more than a year on a button 
cell battery without recharging. It will allow sensors 
such as thermometers to operate continuously, 
communicating intermittently with other devices such 
as a mobile phone. This may increase the concerns 
for privacy, as when the remote, low power, 
continuously on, sensor would be present in devices 
with BLE.  
 
8.1 Bluetooth vs. IrDA 
 
      The Infrared Data Association (IrDA) has 2 
standards: IrDA-Data and IrDA [3] Control, the latter 
one is used for lower speed communications like 
wireless keyboard, joystick and etc. Here, we are only 
interested with the IrDA-Data. IrDA is used for high-
speed, short-range, line-of-sight and point-to-point 
data transfer. The range of IrDA is larger than 1 
meter. It requires a narrow angle (30degree) point-
and-shoot operation. The maximum data transfer 
speed is 4Mbps and 16Mbps is under development. It 
doesn’t interfere with other wireless communications 
and also it’s immune to interference from others.IrDA 
gained great acceptance worldwide. Currently over 
150 million units are installed worldwide and this 
number is growing 40% annually. Its major 
applications are laptop computers, printers and LAN 
access among others. The biggest advantage of IrDA 
over Bluetooth is its high throughput, which makes it 
suitable for high-speed applications. The IrDA is also 
cheaper. One manufacturer can get a whole solution 
with cost of about $1. 
 
8.2 Bluetooth vs. WLAN (802.11) 
       As part of 802.x standard, the 802.11 standard 
covers the MAC and physical layer. It supports 3 
kinds of physical media: DSSS at 2.4GHz, FHSS at 
2.4 GHz and IR. Unlike Bluetooth’s time-division 
scheme, 802.11 uses CSMA/CA to access the media. 
Current version 802.11b (also called Wi-Fi) provides 
up to 11Mbps throughput, 50m operating range. The 
future version will use 5.7GHz band and can achieve 
date rates of up to 40Mbps. 802.11b uses DSSS on 
three 22MHz channels. It uses QPSK and CCK 
(complementary code keying) to achieve high data 
rate. It uses 1.375Msps symbol rate and a chip rate of 
8. The largest packet size is 1500 bytes. Compared to 
Bluetooth, [8] WLAN has higher implementation cost 
because its higher throughput need more powerful 

DSPs and also more power consumption. Currently, 
the cost of one WLAN card can be as high as $150. 
  
8.3 Bluetooth vs. HomeRF 
      The HomeRF [4] is aimed at the home 
networking market. It provides up to 8 toll quality 
(32ADPCM) voice channels, 8 prioritized streaming 
media sessions and data rate up to 10Mbps(20Mbps 
in 2002). This makes it very suitable for media-rich 
home environment. It could be used to connect audio 
and video sources, where Bluetooth is not capable. 
Its MAC layer is optimized for combined data and 
voice traffic. It uses reserved slots (TDMA) for voice 
and CSMA/CA for data. Its physical layer uses 
2.4GHz ISM band FHSS. Similar to Bluetooth, it has 
75 1MHz channels, but it can combine five channels 
together to form a 5MHz Super Channel for high-
speed traffic. And also unlike Bluetooth’s fixed 
hopping sequence, it can adapt its hoping sequence to 
the environment. 

 
CONCLUSION AND FUTURE WORK 

 
       It shares the 2.4GHz ISM band with many other 
products also. Interference among these units is also 
an important topic for research. There is huge market 
potential for Bluetooth products. The market will 
reach $1 million around 2005. It has gained support 
from thousands of companies. There are a few 
commercial products available, and it’s believed 
many more will also roll out next year. 
Bluetooth has a good future ahead because it meets a 
basic need of all requirements connectivity in close 
proximity, is the result of initiatives of nine leading 
communications and computer industry vendors 
including companies like 3-COM, Ericsson,  IBM, 
Intel, Microsoft, Nokia, Toshiba . Since the formation 
of the original group, almost more than 1800 
manufacturers worldwide have also joined the 
initiative worldwide. According to one market 
research reports, Bluetooth technology is expected to 
be built into over 100 million devices before the end 
of 2002.  According another report from market 
research firm Cahners In-Stat Group, there will be 
more than 670 million Bluetooth enabled devices 
worldwide by 2005. 
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