
INTRODUCTION

Bluetooth

Blue tooth connects low-cost wireless communications and networking between PCs mobile phones & other devices. This enables wireless connectivity between the Internet and other devices. It works on the global radio-frequency (RF) standards, which operates on the 2.4 GHz ISM band, providing license-free operation in the United States and other countries.

The promotion of Blue tooth wireless technology within the Bluetooth Special Interest Group (SIG) and in the user community is lead by 9 Promoter Group companies: 3Com, Microsoft, Motorola, Ericsson, Intel, IBM, Lucent, Nokia, and Toshiba.

 Blue tooth is a cable replacement technology for passing information between devices. Devices using Blue tooth do not have to be pointed at one another, the distance between devices can be much greater, the speed of transmission is much higher, and the data passed can be encrypted and secure. Despite these powerful features, the battery consumption is relatively low, and the target price per Blue tooth radio makes it possible to Enable-enable virtually any type of device or peripheral. Using Bluetooth, PDAs can transfer contact information to mobile phones, or pocket PCs can transfer images to printers. Bar-code scanners can transfer inventory data to notebook computers. Wireless headsets can be used with phones and music players. And all it takes is two or more Bluetooth enabled devices to strike up a conversation.

WiFi

WiFi is the wireless way to handle networking. It is also known as 802.11 networking and wireless networking. The big advantage of WiFi is its simplicity. You can connect computers anywhere in your home or office without the need for wires. The computers connect to the network using radio signals, and computers can be up to 100 feet or so apart.

The radio used in WiFi is not so different from the radios used in $5 walkie-talkies. They have the ability to transmit and receive. They have the ability to convert 1s and 0s into radio waves and then back into 1s and 0s. WiFi radios that work with the 802.11b and 802.11g standards transmit at 2.4 GHz, while those that comply with the 802.11a standard transmit at 5 GHz. WiFi radios use much more efficient coding techniques that also contribute to the much higher data rates. For 802.11a and 802.11g, the technique is known as orthogonal frequency-division multiplexing (OFDM). For 802.11b, it is called Complementary Code Keying (CCK). 

The radios used for WiFi have the ability to change frequencies. 802.11b cards can transmit directly on any of three bands, or they can split the available radio bandwidth into dozens of channels and frequency hop rapidly between them. The advantage of frequency hopping is that it is much more immune to interference and can allow dozens of WiFi cards to talk simultaneously without interfering with each other. WiFi radios can handle a lot more data per second. 802.11b can handle up to 11 megabits per second (although 7 megabits per second is more typical, and 802.11b may fall back as low as 1 or 2 megabits per second if there is a lot of interference). 802.11a and 802.11g can handle up to 54 megabits per second (although 30 megabits per second is more typical).

BLUETOOTH VERSUS WI-FI

· Speed: Bluetooth operates at about 720kbps, WiFi at 11mbps--a big speed difference. Bluetooth is too slow for video transfers, and probably too slow to move a bunch of large images off a digital camera. And you wouldn't connect a hard drive to your computer using Bluetooth--not if you're smart. 

· Applications: Bluetooth is a cable replacement, designed to connect devices point-to-point. WiFi is designed to hook up an entire network; it can be used to connect one computer directly to another, but that's not its real purpose. Yes, there will be Bluetooth access points to bridge the two networks, but they won't be the best choice in most applications. And there are already WiFi wireless print servers--I have one from Linksys--that work just fine. 

· Security: Bluetooth is probably--emphasize probably--a bit more secure than WiFi. For one thing, Bluetooth is designed to cover shorter distances than 802.11b; if someone hacks your Bluetooth network, how much damage can they do? Print to your printer? Also, Bluetooth offers two levels of (optional) password protection. WiFi has all the security risks associated with other networks: Once someone has access to one part, he or she can access the rest. 

· Ease of use: Bluetooth devices "advertise" their capabilities to others, and a single device can be connected to up to seven other devices at the same time. This makes it easy to find and connect to the device you are looking for or to switch between devices, such as two printers. WiFi is more complex; it requires the same degree of network management as any comparable wired network. 

· Power: Bluetooth has a smaller power requirement than WiFi, and devices can be physically smaller, making it a good choice for consumer electronics devices. 

· Compatibility: Bluetooth and WiFi share the same band of frequencies and could, therefore, interfere with one another. For a variety of technical reasons, Bluetooth is more likely to interfere with WiFi than vice versa. But while I haven't rigorously tested my own set-up for interference, so far I've been able to run Bluetooth and WiFi devices right next to one another without any noticeable problems. I'm going to keep looking, however

	PARAMETER
	BLUETOOTH
	WI-FI

	· SPEED
	720 kbps
	11 mbps

	· SECURITY
	GREATER
	LESSER

	· POWER REQUIREMENT
	SMALLER
	GREATER

	· IMMUNITY TO INTERFERENCE
	HIGH
	MEDIUM

	· AVAILABILITY OF HANDSETS
	YES
	NO


COLLISION COURSE

· Bluetooth and Wi-Fi Interference 

If Bluetooth and Wi-Fi operate at the same time in the same place, they will interfere (collide) with each other. Specifically, these systems transmit on overlapping frequencies, creating in-band colored noise for one another. The sidebands of each transmission must also be accounted for. Interference between Bluetooth and Wi-Fi occurs when either of the following is true: 

· A Wi-Fi receiver senses a Bluetooth signal at the same time a Wi-Fi signal is being sent to it. The effect is most pronounced when the Bluetooth signal is within the 22-MHz-wide pass band of the Wi-Fi receiver. 

· A Bluetooth receiver senses a Wi-Fi signal at the same time a Bluetooth signal is being sent to it; the effect is most pronounced when the Wi-Fi signal is within the pass band of the Bluetooth receiver. 

It is worthwhile to note that neither Bluetooth nor Wi-Fi was designed with specific mechanisms to combat the interference that each creates for the other. As a fast frequency-hopping system, Bluetooth assumes that it will hop away from bad channels, minimizing its exposure to interference. The Wi-Fi MAC layer, which is based on the Ethernet protocol, assumes that many stations share the same medium, and therefore, if a transmission fails, it is because two Wi-Fi stations tried to transmit at the same time. Later, this article examines how this assumption drives system behavior that actually worsens the impact of Bluetooth interference.

· Effect of Wi-Fi on Bluetooth 

It is also important to examine the degradation of Bluetooth performance in the Wi-Fi environment. Figure shows the throughput reduction of the Bluetooth node as a function of the STA-Bluetooth pair's distance from the Wi-Fi access point. 
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	Figure 7. Throughput reduction of Bluetooth (synchronous-connection-oriented links) in the presence of Wi-Fi (IEEE 802.11b).


Because the Wi-Fi system looks like a broadband jammer to the Bluetooth node, one would expect to see voice-packet failures occur more or less randomly until the access point is sufficiently far away (that is, the signal-to-noise ratio increases) to let the capture effect block the interference. Because the Bluetooth receiver is nonlinear, this transition should occur sharply, and the simulation indicates that it does. It also is interesting to note that the relatively short (<150-microsecond) acknowledgements (ACKs) in the station do not seem to cause severe packet loss. However, the much longer Ethernet packets from the access point do cause significant Bluetooth packet loss.
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	Figure 4. The impact of Bluetooth network on Wi-FI network.


· Effect of Blue tooth on Wi-Fi 

Figure demonstrates the effect of changing Bluetooth Pico net activity from a high-rate, basic data application to an SCO activity, as would be typical in a voice application. Note that in the range of –40 to –50 dBm, Wi-Fi performance drops to around 2 Mb/sec, representing a >60% reduction in throughput within the first 10 m (free space) from the Wi-Fi access point. Drawing from Table I, this performance would represent a degradation of Wi-Fi throughput to approximately 1 Mb/sec when the Wi-Fi station is <6 m from the access point when the signal must penetrate office cubicles.

INTERFERENCE-REDUCTION TECHNIQUES 

As the physical measurements and simulation results demonstrate, the coexistence problem is significant. A number of techniques can be employed to reduce the interference between Wi-Fi and Bluetooth. Several are under investigation by the IEEE 802.15.2 working group. These techniques can be grouped into four general categories: 

· Regulatory and standards (spectrum-usage regulations and specifications in standards bodies). 

· Usage and practices. 

· Technical approaches (general system approaches, driver layers, MAC layers, and physical layers). 

· Alternate frequency bands (5+ GHz).

· Regulatory and Standards Issues 

Regulatory Proposals. Under current (April 2001) FCC rules, Bluetooth is required to hop over almost the entire ISM band from 2.400 to 2.4835 GHz. Further, it must occupy a minimum of 75 MHz, and each channel in Bluetooth is 1-MHz wide. The Bluetooth specification actually calls for 79 channels, so it must cover virtually the entire band as it pseudo randomly hops around. This band coverage is the reason for the inevitable time-frequency collisions between Bluetooth and Wi-Fi. 

General System Approaches. Because of the role of signal-to-noise energy levels in determining packet loss, it is tempting to explore the role of transmission power in improving coexistence. Mobilian simulations do demonstrate that lowering the power levels in the collocated Bluetooth node does not change the basic shape of the Wi-Fi performance degradation curve, but rather shifts this curve to the right, increasing the range over which any given throughput level is possible. Many Bluetooth usage models (involving a notebook computer, for example) require relatively short-range interaction with other Bluetooth devices such as PDAs and peripherals. Given these limited range requirements, Bluetooth systems with lower or variable power could be viable and would lessen the interference impact on Wi-Fi. Likewise, power control techniques in Wi-Fi are being investigated by several companies; this effort will be necessary in the MAC for 5-GHz WLANs sold in Europe, where the European Telecommunication Standards Institute (ETSI) requires transmit power control (TPC)

Alternate Frequency Bands 
Some in the industry have positioned coexistence problems in the 2.4 GHz frequency band as motivation to hasten the migration to 5-GHz WLAN standards such as IEEE 802.11a and HiperLan2. The issues of WLAN at 5 GHz certainly warrant a separate article, but the relevant points are summarized here: 

The physics of radio-wave propagation introduce a path-loss penalty of 6.9 dB going from 2.4 to 5.3 GHz. This means that almost five times as much RF power is required to cover the same distance—all other factors being equal. Because RF power amplifiers at 5 GHz are relatively expensive, IEEE 802.11a systems will either cover a smaller distance, cost more, or both. 

RF propagation through barriers such as walls is also somewhat poorer at 5 GHz, so link budgets may suffer additional losses. This loss suggests that an additional power penalty above and beyond the path-loss effect described earlier is likely. 

 WHICH AND WHEN?

Bluetooth is the choice for connecting single devices when speed isn't a major issue; it's best suited to low-bandwidth applications such as sharing printers, syncing PDAs, using a cell phone as a modem, and (eventually) connecting appliances to one another within a 30- to 60-foot range. 

Bluetooth isn't a good replacement for all cables, including USB and 1394/FireWire connections. It's not a great way to connect high-bandwidth devices, such as external drives or digital video cameras and computers; nice as it would be, Bluetooth is probably not a good choice for downloading stills from your digital camera to your PC. And WiFi is the best choice for connecting your computers to one another and to the Internet

CONCLUSION 
Coexistence, and ultimately simultaneous operation, between Wi-Fi and Bluetooth technologies is a desirable goal. Both technologies are expected to grow rapidly over the next few years, offering new levels of portability and convenience, and many critical usage models require collocation and simultaneous operation of both standards in the same device. Systems-level approaches that address coexistence through the use of antenna, PHY, and MAC techniques offer the potential to dramatically reduce, if not eliminate, interference between these two systems. Such robust wireless-system design technology will become increasingly important in the unlicensed bands as Bluetooth, Wi-Fi, and other unlicensed wireless technologies proliferate. 

