Ultra-Wideband (UWB)
Jing Jin

Communications Engineering Laboratory, HUT

     jinjing@cc.hut.fi

Abstract
Ultra-Wide Band (UWB) is a 30-year-old military wireless communications technology. Now it is being revitalized for wireless connecting device over short distances. The vital point UWB over Bluetooth is faster data speed, less expensive, and consumes less power. In this article, the overview of the technology is introduced, the comparison between Bluetooth and UWB is analyzed. The UWB standardization and vendor market strategy are represented. Finally, we consider the future development and possible end

user applications.
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1. Introduction

Ultra-Wideband (UWB) is a technology anticipated to dominate the home networking market and eventually provide carriers with an inexpensive LAN alterative. It offers very high data rates, low power, less expensive cost. UWB provides 100 times the data speeds of Bluetooth solution, allowing transmission of large amounts of data i.e. video files between TVs or PCs as well as enabling high quality video applications for portable devices.

Bluetooth, which named after the 10th century Danish King Harold Bluetooth, is a hot topic among wireless developer. It was designed to allow low bandwidth wireless connections to become to use simply and integrate seamlessly within short range (10 meters). Bluetooth wireless technology is the simple choice for wireless, short-range, convenient communications between devices. It is a globally available standard that wirelessly connects mobile phones, portable computers, cars, stereo headsets, MP3 players, and more.

There are 50 companies making UWB chips worldwide, including Intel Corp. The estimated UWB chipset costs only $20. UWB is a very significant technology, it is a guaranteed win. But vendors have to agree on a standard. UWB faces serious regulatory hurdles as well. It is hard for UWB to move forward. The U.S. is the only country to approve spectrum for use by UWB radios. Ultimately, the success of UWB will depend on its low cost. With higher bandwidth, UWB will be adopted in enterprise wireless Personal Area Network (PAN).

The motivation of the study is:

· The pros and cons of UWB technology

· UWB vs. Bluetooth

· The current UWB standards

· The end user service cases and vendor strategy

2. Technologies and standards

2.1 Bluetooth

Bluetooth is a globally available standard that wirelessly connects mobile phones, portable computers, cars, stereo headsets, MP3 players, and more. It is an ad hoc technology that requires no fixed infrastructure and is simple to install and set up. Since the first release of the Bluetooth specification in 1999, over 4000 companies have become members in the Bluetooth Special Interest Group (SIG). Meanwhile, the number of Bluetooth products on the market is multiplying rapidly. A simple example of a Bluetooth application is updating the phone directory of your mobile phone. You would have to either manually enter the names and phone numbers of all your contacts or use a cable or IR link between your phone and your PC and start an application to synchronize the contact information. With Bluetooth, this could all happen automatically and without any user involvement as soon as the phone comes within range of the PC! You may expand it easily to your to-do list, memo, etc.

2.2 UWB

UWB is designed to replace cables with short-range, wireless connections, but it offers much higher bandwidth needed to support huge amounts of data streams at very low power levels. Examples include media players, monitors, cameras, and cell phones.  Because UWB can communicate both relative distance and position, it can be used for tracking equipment, containers or other objects. UWB chipsets are built in complementary metal oxide semiconductor, so they rival inexpensive Bluetooth price when produced in volume. A recent technology demonstration showed a UWB device transmitted at a data rate of 110Mbit/sec. at a range of up to 10 meters. 
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Figure 1

Wireless technology frequencies
As Figure 1 shows, unlike conventional radio systems, which operate within a relatively narrow bandwidth, ultra-wideband operates across a wide range of frequency spectrum by transmitting a series of extremely narrow (10 - 1000ps) and low power pulses.

The possible use of UWB technology in communications ranges from WLAN-like office or home networking and Internet access. By using 80% less power than 802.11a, UWB chipsets can work with smaller device such as PDAs and mobile phones without unduly burdening their batteries.

The primary advantages of UWB are high data rates, low cost, and low power. Because UWB is spectrum hopping, and only for a tiny fraction of a second, UWB causes less interference than narrowband radio designs, nearby neighbors will not interfere with other UWB networks. An additional UWB feature, precise ranging, or distance measurement is used for location identification, i.e. tracking persons. UWB uses very little power with long battery life. For the security issue, it is extremely hard to eavesdrop. It is like trying to track someone in a very busy street who continually changes different colors of clothes while running at extreme fast speed. 

Despite the many benefits of UWB, it is currently embroiled in specification and standardization wrangling within the standard issuing bodies of the world and the USA, namely IEEE, ITU and the FCC (Federal Communications Commission). So even though Intel, Motorola and others are behind the technology, there are some who are hostile to its implementation. However this is a necessary step for technology to be grounded. 

The drawback is such speeds only work over short distances. Communication speed is a function of bandwidth, power, and distance. The crossover point for UWB versus 802.11a wireless is 10 meters -- less than 10 meters, and UWB has higher bandwidth, but over 10 meters, 802.11a wins. Because of UWB's distance limitations, it will primarily be used for high-bandwidth local networks where the receiver can be plugged in, and not for cellular. 

Another drawback is that UWB standards battle remains unresolved. 

It is likely that UWB and Bluetooth could both be integrated into end-devices to serve different application spaces. 

Table 1 compares the both technologies in spectrum, range, data rate, and user applications aspects.

Table 1: Bluetooth vs. UWB

	 
	UWB
	Bluetooth

	Spectrum
	3.1-10.6GHz
	2.4GHz

	Typical Range
	10-30 meters
	10 meters

	Technology


	OFDM or DS-UWB
	Adaptive frequency-hopping spread spectrum

	Max Data Rate
	1Gbit/sec.
	1Mbit/sec.

	Typical Applications
	Wireless synchronization and transmission of video or slide presentations between a laptop and a projector
	Low-bandwidth wireless interconnect for synchronizing PDA and cell phone address book data with PCs

	Availability
	After 2007
	Now


2.3 Current UWB Standards

2.3.1 IEEE 802.15.3

IEEE 802.15.3 is the IEEE standard for high data rate (20Mbit/s or greater) Wireless Personal Area Networks (WPAN) to provide Quality of Service (QoS) for real time distribution of multimedia content. IEEE 802.15.3 is accomplished by the IEEE P802.15.3 High Rate (HR) Task Group (TG3). The task group is charged with defining a universal standard of ultra wideband radios capable of high data rate over a distance of 10 meters using the 3.1GHz to 10.6GHz band (see Figure 1) for TVs, cell phones, PCs, and so forth. Besides a high data rate, the new standard will provide for low power, low cost solutions addressing the needs of portable consumer digital imaging and multimedia applications. In addition, ad hoc peer-to-peer networking, security issues are considered. When combined with the 802.15.3 PAN standard, UWB will provide a very compelling wireless multimedia network for the home. 
The IEEE 802.15.3 standard enables wireless multimedia applications for portable consumer electronic devices within home coverage. The standard supports wireless connectivity for gaming, printers, cordless phones and other consumer devices.  It can be used to develop wireless multimedia applications including wireless surround sound speakers, portable video displays, digital video cameras. It addresses the need for mobility, quality of service (QoS) and fast connectivity for the broad range of consumer electronic devices.
2.3.2 WiMedia UWB

The WiMedia Alliance is a nonprofit open industry association that promotes and enables the standardization and multi-vendor interoperability of ultra-wideband worldwide. The new WiMedia Alliance represents a combination of WiMedia with the Multiband OFDM Alliance SIG (MBOA-SIG). Both are two leading organizations. They will publish and manage the industry UWB specifications for rapid adoption by for mobile, consumer electronics and PC applications.  The MBOA-SIG Promoter companies include Alereon, HP, Intel, Kodak, Microsoft, Nokia, Philips, Samsung Electronics, Sony, etc. MBOA member companies are actively engaged with IEEE standards process. 
The MOBA will announce its specifications for a physical layer (“PHY”) and Media Access Control layer (“MAC”) to enhance personal electronic devices mobility. The MBOA MAC and PHY specifications will serve as the common radio platform for industry standards. The MBOA MAC and PHY specifications, as published in Ecma-368, are intentionally designed to adapt to various requirements set by global regulatory bodies.  The Multiband OFDM Alliance (MBOA) has devised its own media access control (MAC) layer, in effect rejecting the MAC mandated by the IEEE for the upcoming 802.15.3a standard. Enhanced support for mobility, mesh networking and management of piconets will be the key to the new MAC. 
Other application-friendly features in MBOA include the reduced level of complexity per node, long battery life, support of multiple power management modes and higher spatial capacity. 
3. End user applications  
UWB has many other applications, for instance, medical imaging, automobile collision-avoidance systems, firefighters and police looking through walls, as well as finding and tracking assets and people. This is a technology which, in at least some applications, could be saving lives. 

For MBOA UWB, anticipated early applications include the exchange of media content over high-data consumer electronics devices including MP3 players, personal media players (PMPs), set-top-boxes, digital cameras, hard-drives, printers/scanners, home-theater equipment, mobile phones, personal computers and video gaming platforms.
4. Marketplace and vendor strategies
The two sides in UWB standards battle are more polarized in wireless personal area networking market. 

It is sort of hard on both end users and vendors. It's obvious how end users suffer. They have to gamble on a standard proposal that might lose. For enterprise users, the risk may be unacceptable, leaving them, not with two (or three) options, but with none. 
If one of the proposals wins, the companies that were involved in the losing proposal certainly take a serious hit. All their development time and investment is gone, and they have to design and build new chips. This could take two years or so. Even the winners have extra, competitive pressure from the desire to set a standard means they probably haven't been able to make as much money as they otherwise might off of a slow but steady start in a more cohesive marketplace. Marketing and promotion expenses are high for both groups. 

One way of resolving a conflict that doesn't seem to be getting any better through the normal standards process is to let the parties fight it out in the marketplace. That is to say, let them ship products, and see which ones eventually win. 

The risk of picking the wrong standard creates a real reason to adopt a "wait and see" attitude towards new standards. This is often the case where a fairly reserved approach is best -- committing to a losing standard doesn't necessarily help a lot. 

The basic advice for standards battles is to stay clear. Wait until the dust settles a bit and you can tell what the standard is before adopting one. 

5. Conclusion
Federal Communications Commission gave its approval to sell UWB wireless products in the U. S. Although the lack of an adopted standard will slow growth for a while, UWB will be used in 150 million devices by 2008.

It is reported that Bluetooth SIG consult with UWB developer to evaluate how the two technologies can improve data transfers between PCs, phones and consumer electronics equipments.  UWB is the next generation of Bluetooth, it is a good idea to converge both technologies.
The challenge for UWB lies in the creation of a final unified standard. The current UWB standardization deadlock occurs. On the other hand. It may turn out that two standards find their own applications and in the end coexist nicely in different markets. 
Since UWB is best used for short-distance and high-bandwidth applications, most of the development in UWB is targeted at HDTV and DLP video projection. UWB is not seen or designed as a replacement of traditional Wi-Fi. It is more geared and designed more for the home. WiMax and MobileFi are seen as that replacement but that is another story.
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