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Mobiililaitteet ovat kehittyneet merkittävästi viimeisen vuosikymmenen aikana. Ne 
eivät enää ole pelkästään puhelimia tai kämmentietokoneita, vaan 
multimediatietokoneita, jotka pystyvät tuottamaan korkealaatuisia elämyksiä 
käyttäjälleen. Sisällön laadun paraneminen johtaa väistämättä myös siirrettävän 
tietomäärän kasvamiseen. Siksi uusia, nopeampia tiedonsiirtomenetelmiä on 
otettava käyttöön.  

Ultra Wideband (UWB) on uusi radioaaltotekniikka, joka mahdollistaa korkeat 
tiedonsiirtonopeudet lyhyillä etäisyyksillä. Tekniikka operoi erittäin leveällä 3.1 - 
10.6 gigahertsin taajuuskaistalla. UWB on suunnattu nopeaan, langattomaan 
tiedonsiirtoon personal area networkin (PAN) laitteiden välillä.  

Tämän diplomityön tarkoituksena on arvioida UWBn soveltuvuutta mobiililaitteisiin. 
Arviointi tehdään teoreettiselta pohjalta, sillä UWBtä ei vielä ole implementoitu 
kaupallisiin laitteisiin. Ensin esitellään UWBn tekniikka ja ominaisuudet, jonka 
jälkeen sen soveltuvuutta arvioidaan esimerkkikäyttötapausten valossa. 
Esimerkkikäyttötapauksiksi on valittu kolme tyypillistä mutta erilaista toimintoa, 
jotka mahdollisimman hyvin kuvaavat mobiililaitteiden käyttöä. 
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Mobile devices have developed significantly over the last decade. They are no 
longer just phones or personal digital assistants, but multimedia computers 
providing high quality user experiences. As the quality of the content improves, 
also the amount of transmitted data increases. That is why new, quicker transfer 
technologies must be adopted. 

Ultra wideband (UWB) is new radio technology that provides high bit rates over 
short distances. It operates over wide 3.1 – 10.6 gigahertz spectrum. UWB is 
targeted for high-speed wireless, multimedia-capable personal area network 
(PAN) connectivity.  

The purpose of this thesis is to evaluate the suitability of UWB for mobile devices. 
The evaluation is done on theoretical basis, because UWB has not yet been 
implemented to any commercial products. At first the technology and features of 
UWB are presented. After this its suitability is evaluated in the light of three 
example use cases. The use cases have been selected because they describe the 
common usage of mobile devices. 
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1. INTRODUCTION 

 

“Imagine a world, where everything is open to you and available to you” 

    - Thomas Zimmerman, the 

          developer of the PAN concept 

 

Nowadays mobile phones are not just voice communication devices. They are 

becoming more and more like multimedia computers, where ability to make calls is 

just one of many features. It has become increasingly important how versatile 

multimedia capabilities the device has, or how fast and easily you can access the 

Internet. Consumers are expecting to be able to listen to music, access the 

Internet or watch mobile TV from their mobile phones whenever, wherever, 

wirelessly.  

While phones are getting more complex, the services are also developing. New 

devices have high resolution displays, and users want content, such as streaming 

high quality media, to utilize this feature. As the quality of streaming media 

improves, so grows the amount of data that has to be transferred from or to the 

phone. This requires more advanced data transmission techniques to be used. 

Current wireless techniques offer maximum speed of 54 Mbps (802.11a/g), but yet 

higher bit rates are desired.  That is why any new technology, such as Ultra 

Wideband (UWB), must be adopted.  

New technology has to be cost efficient in order to be adopted by the masses. 

Popularity of the technology affects the price of hardware and services. For 

example Bluetooth can be found nowadays also from lower price group products. 

As Web browsing has become more common, operators have started to offer 

subscriptions with fixed data transfer fees. 

Mobility sets restrictions to used hardware. Devices are handheld, which means 

that they must be relatively light and small in size. External antennas have become 

old fashioned. Design has evolved from the candy bar form factor to the clamshell 
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and slider form factors. The clamshell and slider form factors allow hardware 

designers to build more features into the device while maintaining stylish looks and 

reasonable size.  

Power consumption must not be high, because the size of the battery affects on 

the weight of the device. Battery life must be as long as possible in order to 

maintain operability. As the bit rate of streamed media increases, the time to 

process this data gets shorter. This means that more processing power and 

random access memory (RAM) are needed. RAM is needed to cache the received 

data and the processing power is needed to decode the data in a moderate 

amount of time. The faster the data is processed, the less the processor has to 

work with full power, thus resulting in lower power consumption.  

At the moment there are both wired and wireless methods for connecting devices 

together. Different users have different needs, and the transmission medium must 

be selected accordingly. Currently wired methods provide highest bit rates, but 

developing wireless techniques are catching up. Wireless connectivity between 

mobile devices make them easier to use, and more useful.  

One of mobile devices important features is their ability to network with other 

devices, this way forming personal area networks (PANs). Personal area 

networking expands the usage of devices, allowing them to take advantage of the 

services of other devices nearby. UWB is good candidate for PAN technology 

because of its short range and other features presented later in this thesis.   

The purpose of this study is to find out the suitability of UWB for usage in mobile 

devices. This will be done by comparing UWBs’ characteristics with existing 

techniques, especially from the bit rate and power consumption points of view. The 

bit rate comparison is based on theoretical calculation of user data rates with each 

medium. Theoretical approach was chosen, because the actual measurements 

done with existing hardware would have been classified information. As UWB has 

not yet been implemented to any commercial mobile hardware, measurements 

with it would have been impossible to make.  
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1.1 Scope of the thesis 

This thesis will concentrate on the suitability of UWB for mobile devices. Its 

usability in military and industrial applications is not discussed. The thesis will 

study UWBs’ technical qualities and the possible advantages it may have in the 

light of example use cases.  

Because UWB is a radio frequency (RF) technique, this thesis will mostly 

concentrate on wireless PANs (WPANs). However the basic functionality of USB 

will be also introduced, since it is one of the most known and used local 

connectivity (LC) technique, and serves also as a basis for wireless USB (WUSB), 

technique enabled by UWB. As Nokia is a member of WiMedia Alliance, this thesis 

will concentrate on the WiMedia point of view on the implementation of the 

technology of UWB. 

1.2 Structure of the thesis 

Second chapter introduces the concept of PAN and most common PAN 

technologies that are currently used. These techniques are discussed as an 

introduction in order to give the reader some kind of conception of present data 

transfer rates and methods.  

Third chapter discusses the ongoing situation in UWB standardization. It also 

introduces the WiMedia suggestion of high-speed wireless physical (PHY) layer 

and medium access control (MAC) sublayer. Most of the information presented in 

this chapter is based on the ECMA-368 specification by Ecma International. Also 

the advantages and restrictions of UWB are discussed, as well as its coexistence 

with other narrowband techniques. 

Fourth chapter introduces some of the possible future applications of UWB on 

theoretical basis. The possible advantages of UWB compared to some existing 

techniques are evaluated in the light of example use cases.   

Fifth chapter summarizes the thesis and makes the final conclusions about the 

suitability of UWB for mobile devices. Possible obstacles on the way of UWBs’ 
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wide adoption are also discussed, as well as the opportunities this technique could 

bring to personal area networking. 
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2. CURRENT PERSONAL AREA NETWORK TECHNOLOGIES 

This chapter introduces the typical features of Personal Area Networks (PAN).   

The most common PAN technologies are described in more detail, in order to give 

the reader some concept of what kind of techniques are used at the moment. Not 

all short-range data transmission techniques are introduced here. Some of them, 

for example Wibree, Zigbee and FireWire are excluded from this study. Although 

not a data transmission technology, Universal Plug-and-Play (UPnP) is introduced 

as an important technology of bearer-independent connectivity.  

 

2.1 Introduction to PANs 

WPANs enable short-range ad hoc connectivity among portable consumer 

electronics and communications devices. WPANs operate usually within 10 meter 

radius. Ad hoc means that the device can assume either master or slave 

functionality, and easily join and leave an existing network. (Karaoguz 2001) In 

PANs devices can also be connected via some wired method, for example USB. 

The word personal in PAN comes from assumption that all devices in this 

collection belong to one person, forming his or her PAN.  

Figure 1 presents the infrastructure of a WPAN. As seen from the picture, many 

different devices can be connected together as a WPAN. Users’ digital camera 

and printer are connected to her notebook, as well as her mobile phone and 

personal digital assistant (PDA). Her mobile phone has also a Bluetooth headset 

connected to it. The notebook is connected to the Internet via wireless access 

point. The devices in the picture are connected in ad hoc way, wirelessly. Devices 

could be connected to the notebook also with some wired method, but the 

distance and the amount of physical connectors in notebook would limit the 

number of devices simultaneously connected to it.  
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Figure 1: WPAN infrastructure 

As said, PANs are used for communication of devices close to one person. 

Devices can be portable, like mobile phones, or fixed, like personal computers 

(PCs). A person can for example define that every time he goes to this work place, 

his calendar and contacts are synchronized automatically between his mobile 

phone and his PC.  Or he can connect his mobile device to a TV and share his 

pictures and videos with his friends. Synchronization or picture sharing are very 

common PAN use cases. The growth of bit rates and the development of mobile 

hardware make more complicated use cases possible. 

The main objectives of a successful WPAN technology are low power 

consumption, low cost, small physical size and operation in the unlicenced 

spectrum. Power consumption is one of the main things in WPANs. It must be low, 

because the devices are usually battery powered. Small, low cost solutions 

improve the conditions for the technology to become widely used in WPAN 

devices. Operation in licence-free spectrum is the only way to achieve ubiquitous 

connectivity without adverse impact on an existing wireless infrastructure. (Prasad 
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2004) Overall it can be said, that the ideology behind WPANs is to make the 

connectivity between devices as unnoticeable and easy as possible for the user.  

In the future WPAN technologies have also other requirements to fulfill. In addition 

to low power consumption, low cost, small size and operation in the unlicenced 

spectrum the technology must be able to support multiple high data rate streams 

in order to be able to support the demand of multimedia services (Intel 2004).  

The Institute of Electrical and Electronics Engineers (IEEE) working group 802.15 

specializes in WPAN standards and includes five task groups. Each task group 

prepares a standard for their own technology area.  

IEEE 802.15.1 defines WPANs as networks that are used to convey information 

over short distances among a private, intimate group of participant devices. A 

connection made through a WPAN involves little or no infrastructure or direct 

connectivity to the world outside the link. This makes it possible to implement 

small, power-efficient, inexpensive solutions for a wide variety of devices. The 

standard defines also the PHY and MAC for Bluetooth technology. (IEEE 2005) 

IEEE 802.15.2 defines several mechanisms for wireless local area network 

(WLAN) and WPAN coexistence. Mechanisms are divided into two classes: 

collaborative and non-collaborative. A collaborative mechanism is used when 

there is a communication link between the WPAN and the WLAN. Non-

collaborative mechanism does not require any links between the networks. (IEEE 

2003a) 

IEEE 802.15.3 defines the PHY and MAC specifications for high data rate wireless 

connectivity with fixed, portable and moving devices within or entering a personal 

operating space. The purpose of the standard is to provide for low complexity, low 

cost, low power consumption and high data rate wireless connectivity between 

WPAN devices. The data rate should be high enough, 20 Mbps or more, to satisfy 

the needs of multimedia industry. (IEEE 2003b) 

IEEE 802.15.4 defines the protocol and interconnection of devices via radio 

communication in a personal area network. The standard supports both star and 
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peer-to-peer topologies and provides also connectivity to higher performance 

networks. (IEEE 2006a) 

IEEE 802.15.5 determines the necessary mechanisms that provide interoperable, 

stable and scalable wireless mesh networking for WPANs.  (IEEE 2006b) 

PAN devices operate over short distances. That is why technologies used in them 

do not have to have long ranges. More important features are reliable data 

transmission, coexistence with other techniques, and low power consumption. 

Next chapters describe some of the most used short-range data transmission 

techniques.  

 

2.2 Bluetooth 

Bluetooth (BT) is one of the first ad hoc techniques. It is a short-range radio 

frequency technology that enables secure connection and information exchange 

between mobile phones, PCs and other portable devices within the range of 10 

meters. Chips used in industrial purposes can provide even 100 meter range. 

Bluetooth was standardized in 2002, when de facto standard for PHY and MAC 

from Bluetooth Special Interest Group (SIG) was converted to an IEEE standard 

(IEEE 802.15.1). BT SIG is still responsible of standardization of higher protocols 

and profiles.  

Radio technologies do not require direct line-of-sight (LOS) between devices, 

which gives more flexibility and mobility to usage.  Bluetooth operates in the 

unlicensed 2.4 GHz Industrial, Scientific and Medical (ISM) band. It uses fast 

frequency hopping radio technique, which makes it resistant to interference. 

Resistance to interference is very important, because Bluetooth devices must 

operate in same spectrum as many other radio devices. Fast frequency hopping 

means that the operating frequency is changed 1600 times a second making it 

more unlikely for the signal to collide with other signals.  (Smyth 2004)   

Bluetooth Version 1.2 supported data rates up to 1 Mbps. Bluetooth 2.0 + 

Enhanced Data Rate (EDR) supports data rates up to 3 Mbps. Bluetooth offers 
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support for both data transfer and streaming applications. Devices are divided into 

three classes according to their range and transmission power. Mobile devices 

belong to class 2. (BT SIG 2007) 

Bluetooth devices form ad hoc networks. A Bluetooth network is also called as 

piconet, and multiple piconets can be combined into a scatternet (Figure 2). 

Piconet consists of one master device and up to 7 active devices as slaves. 

Additionally, many more devices can remain connected in a parked state. Parked 

slaves are not active on the channel, but remain synchronized to the master and 

can become active without using the connection establishment procedure. Master 

device controls the network and allocates bit rate for each slave. (Tanenbaum 

2003) 

 

 

Figure 2: Two piconets connected as scatternet 

At the bottom of the BT protocol stack is the physical radio layer. It corresponds 

quite well to PHY layer in OSI and 802 models, and deals with radio transmission 

and modulation. Baseband layer is a kind of combination of MAC sublayer and 

PHY layer. It deals with how the master controls time slots and how these slots are 

grouped into frames. Each frame is transmitted over link between the master and 

the slave. There are two kinds of links, Asynchronous Connection-Less (ACL) and 

Synchronous Connection Oriented (SCO).  ACL links are used for packet data 
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transmitted at irregular intervals. SCO link is reserved for real-time data, such as 

telephone data. Frames are never retransmitted, and forward error correction can 

be used to provide high reliability. (Tanenbaum 2003) 

Host Controller Interface (HCI) is situated in the middle of the stack. It is not 

actually a protocol, but provides a command interface to the baseband controller 

and link manager, and consists of events and commands.  

The top of the protocol stack consists of several different protocols, applications 

and profiles. Radio Frequency Communication (RFCOMM) protocol emulates the 

standard serial port found in PCs. It is used for connecting devices, like the 

keyboard, mouse or modem. Service Discovery Protocol (SDP) is used in 

Bluetooth environment to make service discovery easier. However, it does not 

define methods for accessing the services. Bluetooth supports multiple 

applications, also called as profiles, and provides different protocol stacks for each 

one. The purpose of the profiles is to describe how implementations of user 

models should be accomplished. (Tanenbaum 2003) 

One of the profiles, PAN profile, is worth a bit closer examination. It defines how 

two or more Bluetooth enabled devices can form an ad-hoc network and how the 

same mechanism can be used to access a remote network through a network 

access point.  In other words, it provides networking capabilities for Bluetooth 

devices. PAN profile defines three different roles for PAN devices, each providing 

different services for other PAN devices. PAN profile describes also how to use 

Bluetooth Network Encapsulation Protocol (BNEP) to provide Internet Protocol (IP) 

connectivity between PAN enabled devices. (BT SIG 2003) 

Bluetooth has been implemented to many different purposes. It is widely used in 

mobile devices, enhancements and computer peripherals, such as mice and 

keyboards. Recently it has also been implemented to game consoles, such as 

Nintendo Wii. The price of the Bluetooth chips has gone down as devices using it 

have become more common. In the fall 2006 the amount of sold Bluetooth devices 

exceeded 1 billion units.  
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2.3 Wireless LAN 

So far the most widely spread wireless data networking technology has been 

802.11, also called as wireless LAN. It is a wireless extension to wired Ethernet, 

providing currently the highest bit rate for mobile communications. Wireless LAN 

operates on a 2.4 or 5 GHz band and supports data rates up to 54 Mbps 

(802.11a/g). (Gast 2005)  It is widely used also in mobile devices, providing 

access points for local data communication. 

Wireless LAN consists of stations and access points. Stations are devices using 

the wireless network connection, access points are connected to the wired 

backbone network. The backbone network is usually implemented using Ethernet 

technology. A group of stations communicating with each other is called the basic 

service set (BSS), which is the basic building block of a wireless network. There 

are two kinds of BSSs, infrastructure (Figure 3) and independent BSSs (Figure 4). 

(Gast 2005) 

  

Figure 3: Infrastructure BSS  
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Figure 4: Independent BSS 

Major component of the 802.11 architecture is the physical layer, PHY. Initially 

there were three different physical layers standardized for 802.11: Frequency-

hopping (FH) spread-spectrum radio PHY, direct-sequence (DS) spread-spectrum 

radio PHY and infrared light (IR) PHY. From these the IR PHY has never been 

implemented in a commercial product. Later three more radio technology-based 

physical layers were developed: 

- 802.11a: Orthogonal Frequency Division Multiplexing (OFDM) PHY 

- 802.11b: High-Rate Direct Sequence (HR/DS or HR/DSSS) PHY 

- 802.11g: Extended Rate PHY (ERP)  

These physical layers use three different spread-spectrum techniques: frequency- 

hopping, direct-sequence and OFDM. Frequency-hopping systems are easier and 

cheaper to make, because sophisticated signal processing is not required. Direct- 

sequence systems require more specialized hardware and also consume more 

power, but they allow higher bit rates in return. (Gast 2005) 

At this moment a new standard for even higher bit rates and longer ranges is 

under development by the IEEE. This standard, named as 802.11n, will support 

data rates up to 100+ Mbps (theoretical maximum will be even 600 Mbps). It will 
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add multiple-in, multiple-out (MIMO) technology to the existing 802.11g standard 

and be backwards compatible with 802.11b/g –standards. n-standard will operate 

on 2.4 and 5 GHz bands. It is expected to become a standard in 2008. (Gast 2005, 

Vaughan-Nichols 2006) 

 

2.4 Infrared 

Unlike techniques operating on radio waves, infrared requires direct LOS between 

devices. The Infrared Data Association (IrDA) defines standards and specifications 

for short range data exchange over infrared spectrum of light.  

In figure 5 two devices are communicating with each other in the basic IrDA use 

model. One device is the primary and the other is the secondary. The primary 

device is responsible of selecting the device it wants to communicate with, 

establishing the connection and maintaining the virtual link. The secondary device 

acts as a slave, responding only when spoken to. A typical IrDA operation begins 

when the primary device initiates a discovery process, during which it searches its 

visible space for devices. From responding devices the primary device selects one 

and starts to negotiate with it. After negotiation the communication can start. 

(Knutson) 

    

 

Figure 5: Two devices communicating via infrared 



 

 

14 

 

Infrared pulses are transmitted in a cone that extends from 15 degrees half angle 

to 30 degrees half angle off center. The specifications require that the signal must 

be powerful enough to be visible up to a meter away. IrDA data communications 

operate in half-duplex mode. The reason for this is that while transmitting, the 

device’s receiver is blinded by the light of its own transmitter. Two devices 

communicating with each other simulate the full duplex communication by quickly 

turning the link around. (Knutson) 

Transmission rates can be divided into three different categories: Serial Infrared 

(SIR), Medium Infrared (MIR) and Fast Infrared (FIR). SIR speeds cover 

transmission speeds of 9600 bps, 19.2 Kbps, 38.4 Kbps, 57.6 Kbps and 115.2 

Kbps. Since the lowest transmission rate for all devices is 9600 bps, all discovery 

and negotiation is performed at this rate. MIR is commonly used for speeds of 

0.576 Mbps and 1.152 Mbps. FIR supports data rates up to 4 Mbps. In the future 

Very Fast Infrared (VFIR) will support rates up to 16 Mbps and Ultra Fast Infrared 

(UFIR) even up to 100 Mbps. (Knutson) 

Although old, IrDA has its advantages. It is a widely spread low cost, low power 

technology that does not have any interference with existing LANs. Due to its short 

range, IrDA has inherent physical security. (Prasad 2004) 

 

2.5 USB 

Universal Serial Bus (USB) is a wired connectivity method. Ease of use is enabled 

by its plug-and-play feature. USB allows multiple concurrent connections and 

supports dynamic device configuration. Many devices can be connected together 

using USB hubs. USB offers guaranteed bandwidth by using isochronous 

connections. This means that data is transmitted time-dependently. USB has three 

different modes and it supports three data rates (Table 1).The cable length is 

limited accordingly.  
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Table 1: USB modes and speeds 

Mode Max Data Rate Max cable 

length 

USB version 

Low Speed 1.5 Mbps 3 m USB 1.1 

Full Speed  12 Mbps 5 m USB 1.1 

High Speed 

(USB2.0) 

480 Mbps 5 m USB 2.0 

 

USB topology consists of hosts, hubs and devices (Figure 6). Device attached to 

the USB hub is called a slave. It is controlled by the host and sends data only on 

request. Slaves respond to hosts transactions. USB host controls hubs and 

devices attached to it. It enumerates devices by determining their identity, 

assigning unique addresses and loading needed drivers. The host controls data 

transfers and manages system power. One host can control devices connected via 

hubs in maximum of five tiers.  
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Figure 6: USB topology  

USB hub provides ports where devices and other hubs can be attached to it. It 

provides also managed power to devices, 500 mW per device (up to 2.5W under 

host control). USB host controls port operations, and assigns an own address to 

the hub. Hubs are backwards compatible to full and low speed peripherals. 

Mobile devices are usually connected to the computer with an USB cable. In such 

case the computer is the host and the phone is the slave. New supplement to USB 

2.0 standard, USB On-the-Go (OTG) enables portable devices to act as a host. 

This makes it possible to use USB enhancements, such as headsets, mass 

storage devices and mice, with mobile phones.  

USB OTG defines a dual-role device, which means that a device can act either as 

a host or a slave, and can connect to PC or other portable device through the 

same connector. USB devices are given limited ability to transfer data between 

themselves. If both devices are OTG enabled, they will automatically negotiate 

which one will act as a host and which one as a slave. USB OTG is peer-to-peer, 

when higher level protocol, such as IP, is used. 
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USB has many advantages as a PAN technique. It is easy to use and provides 

reasonably high bit rate for data transmission. Slave devices can also receive 

power from the master, and so the battery life is not a problem. However the wired 

nature of USB is probably its most significant disadvantage, preventing mobile use 

in some cases completely.  

 

2.6 UPnP 

Universal Plug-and-Play (UPnP) is a distributed, open networking technology that 

utilizes IP-based protocols for ad hoc networking of participating devices. It is 

intended for short range networks, although the distance is not limited. PAN 

devices can be connected together using UPnP.  

UPnP supports peer-to-peer connections, and its goal is to connect devices, for 

example PCs, mobile phones and digital cameras, seamlessly together. UPnP’s 

architecture is based on IP and it uses the following protocols: TCP, UDP, HTTP, 

SSDP, GENA and SOAP, as well as Extensible Markup Language (XML). UPnP is 

independent of drivers or programming languages, hence the word “Universal” in 

the name. (UPnP Forum 2000) 

The UPnP network consists of connected communication endpoints that are either 

UPnP devices or control points. UPnP devices can contain embedded logical 

devices and services. Control points are used to control these devices and 

services. The central idea of UPnP is automatic recognition of devices within the 

range of the network. Devices can dynamically join the network, obtain an IP 

address, tell about their capabilities and learn about other devices’ capabilities. All 

this is done automatically without user intervention. UPnP networking has six 

steps, which are specified in UPnP Device Architecture document (UPnP Forum 

2000), and described in following subchapters. 

Addressing 

The first step and the foundation of UPnP networking is addressing. Each device 

trying to connect the UPnP network must have a Dynamic Host Configuration 

Protocol (DHCP) client. When a device connects to the network for the first time, it 
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must search for a DHCP server. If the DHCP server is available, it means that the 

network is managed, and the device must use the IP address assigned to it. If the 

DHCP server cannot be found, the device must use automatic IP-addressing 

(Auto-IP) to obtain an address. Auto-IP defines how the device acts if DHCP is 

unavailable, and how it can intelligently choose an IP address from a set of link-

local IP addresses. This method of address assignment provides a way to the 

device to easily move between managed and unmanaged networks.  

Discovery 

Next step in the networking process is discovery (Figure 7). Through this phase 

control points find interesting devices in vicinity.  When a device is connected to 

the network, it is allowed to advertise its capabilities to the control points on the 

network. Similarly, when control points are added to the network, they are also 

allowed to search interesting devices. Devices exchange messages containing 

some specific information about them or their services, e.g. their type or identifier.  

When the device leaves the network, it must multicast a message declaring that its 

capabilities are no longer in use. The mechanisms for advertising, searching and 

revoking are defined by the Simple Service Discovery Protocol (SSDP).  
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Figure 7: UPnP discovery process 

 

Description 

Discovery is followed by description. After discovering a device the control point 

can learn more about it by retrieving a description from the URL provided by the 

device in the discovery message. The description is divided into two logical parts:  

device description and one or more service descriptions. A device description is 

written by the UPnP vendor in XML syntax, and is usually based on a standard 

UPnP Device template. A service description includes a list of commands, or 

actions, the service responds to, and parameters for each action. It also includes a 

list of variables that model the state of the device at run-time.  A service 

description is also written by the UPnP vendor, in XML syntax, and is usually 

based on a standard UPnP Service template. A control point retrieves a device 

description by issuing a HTTP GET request on the URL in the discovery message, 
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and the device returns the device description. The service description is retrieved 

in the same way.  

 

Control 

When control point has knowledge about devices and their services, it can start 

utilizing them. It does so by sending a suitable control message to the control URL 

for the service. This is done using Simple Object Access Protocol (SOAP). The 

effects of the actions may also be modeled by the changes in the variables that 

describe the run-time state of the service. Events are published to all interested 

control points when these state variables change. Control points may poll the 

services in order to find out the changes in state variables. Every service is 

responsible for keeping its state table consistent. If discovery messages from 

device have expired, the control point must assume that the services of that device 

are no longer available.  

 

Eventing 

After retrieving a description of the device and its services the control point can 

start eventing. If services state variables are evented, the service publishes 

updates when these variables change. A control point may subscribe to receive 

this information. It does so by sending a subscription message. If the subscription 

is accepted, the publisher defines the duration of the subscription. Subscription 

has to be renewed before it expires in order to keep it active and should be 

cancelled, if it is no longer needed.  In case there are several control points, all 

events go to all control points. The publisher notes changes to state variables by 

sending event messages. When first subscribing, a special initial event message is 

sent. These messages are in XML syntax. Eventing is done using General Event 

Notification Architecture (GENA) messages.  

 

 

Presentation 

The final step in UPnP networking is presentation. If a device has an URL for 

presentation, a control point can retrieve a page from this URL, load the page into 
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a browser and allow the user to control the device and/or view device status. This 

way the Web browser can be utilized to control UPnP devices. Unlike the UPnP 

Device and Service Templates, the capabilities of the presentation page are 

completely defined by the vendor. The only requirement is that the page is in 

HTML format.  

UPnP allows all kinds of devices in the same network to communicate together. In 

practice, this means for example that a mobile phone can communicate with 

printer and print pictures from its memory using PictBridge.  

 

2.7 Summary 

Previous chapters introduced some common connectivity techniques. At the 

moment Bluetooth is the most used technique in WPANs, and there are good 

reasons for that. It is a low cost, low power technique operating in unlicenced 

spectrum. Bluetooth chips are small enough to be implemented to even tiniest 

devices. Based on this it seems to be answering well to the requirements set by 

the WPAN environment. The only disadvantage is its modest bit rate, which is not 

responding to the future demand.  

 

IrDA is also a low cost, low power solution for PAN usage. One of its biggest 

advantages is the fact that it does not cause any interference with existing 

systems. Although IrDA has many good qualities, it requires direct LOS between 

operating devices. This along with its short range makes it cumbersome to use.  

 

WLAN provides currently the highest bit rates for wireless communications. It is 

not actually a PAN technique, but a way for PAN devices to wirelessly connect to 

the Internet via access points. The power consumption of WLAN has decreased 

as well as the price of the chips. This has made it widely used in mobile devices.  

 

USB was introduced as a wired way of connecting devices. With USB the power 

consumption is not an issue, because the device can receive power via cable.  

The connection establishment is not so automatic when USB is used, because it 
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demands some effort from the user to plug the cable to the device(s). USB 

provides anyway a reliable connection method, if wirelessness is not required.  

 

There are already data transmission techniques suitable for PAN usage. The only 

thing lacking is the adequate bit rate to fulfill the demand of developing services 

and content available for the consumers. This creates the need to study new, 

higher performance technologies.  
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3. UWB 

UWB is a relatively new radio technology that utilizes extremely wide radio 

spectrum to transmit data. It is very tolerant to interference and provides very high 

data rates with very low transmission power. Especially low power consumption 

makes UWB suitable for mobile devices.  

Following chapter presents the current situation of UWBs regulations and 

standardization. UWBs technology, meaning the PHY layer and MAC sublayer, is 

also introduced. The advantages and restrictions of UWB are discussed. 

 

3.1 Regulations and standards now 

First official ruling concerning UWB was made in United States by the Federal 

Communications Commission (FCC) in February 2002. This First Report and 

Order classified UWB operations into three categories: 

- Communication and Measurement Systems 

- Vehicular Radar Systems and 

- Imaging Systems. 

Each category was allocated its own bandwidth and restrictions on organizations 

allowed to operate in that particular mode. Instead of giving distinct pieces of 

spectrum to each specific user or service, FCC allowed UWB services to operate 

overlaid with existing services. This means, that UWB devices are allowed to 

interfere with other devices and services, ideally in so low power that these other 

devices cannot experience any disturbance. (Reed 2005) The power requirement 

of UWB systems was set to -41.3 dBm/MHz. Other countries have not yet made 

any rulings about UWB, but it is expected to happen soon.  

As any other technology intended for wide-spread use by several vendors, UWB 

needs to be well defined. IEEE started a task group (IEEE 802.15.3a) to create a 

universal standard for UWB PHY, but this attempt failed for several reasons. One 

main reason was that in the end there were only two proposals remaining: 
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WiMedia Alliances proposal for utilizing Multi-Band Orthogonal Frequency 

Multiplexing (MB-OFDM), and UWB Forums proposal for Direct Sequence UWB 

(DS-UWB). These two camps could not reach an agreement, and so IEEE had to 

cancel the preparations of the new standard. At first there were some attempt to 

create a compromising standard, that would have allowed MB-OFDM and DS-

UWB radios to interact, but this was also dropped. At this moment IEEE is waiting, 

which of these two techniques will prevail, and make its standard based on that.  

In December 2005 Ecma International released two ISO-based standards for 

UWB-technology based on the WiMedia Alliances Ultra Wideband Common Radio 

Platform. First of these standards, ECMA-368, specifies distributed MAC sublayer 

and PHY for wireless networks. Second standard, ECMA-369, specifies the 

interface between implementations of the PHY and MAC as specified in ECMA-

368 (Ecma 2005).  

 

3.2 The technology of UWB 

As earlier mentioned, the technological development of UWB has divided into two 

separate camps, the other, UWB Forum, supporting DS-UWB and the other, 

WiMedia Alliance, supporting MB-OFDM. This chapter will describe WiMedia PHY 

layer and WiMedia MAC sublayer as defined in ECMA-368 standard. Also the 

basic idea of MB-OFDM is explained. 

 

3.2.1 WiMedia PHY and MB-OFDM 

ECMA-368 standard specifies the PHY layer for UWB, utilizing the unlicensed 3.1 

GHz – 10.6 GHz frequency band. WiMedia PHY supports data rates of 53,3 Mbps,  

80 Mbps, 106,7 Mbps, 160 Mbps, 200 Mbps, 320 Mbps, 400 Mbps and 480 Mbps. 

The operating range varies from 3 to 10 meters, corresponding to bit rates so, that 

480 Mbps is guaranteed at 3 meter range and 110 Mbps at 10 meter range. 

The PHY layer provides services to the MAC sublayer. The PHY layer consists of 

two protocol functions. First of them, PHY convergence function, adapts the 
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capabilities of the physical medium dependent (PMD) device to the PHY service. 

This function is supported by the physical layer convergence protocol (PLCP), 

which defines a method of mapping the PLCP service data units (PSDU) into a 

framing format suitable for sending and receiving user data and management 

information between two or more stations using the associated PMD device. The 

second protocol function is a PMD device whose function defines the 

characteristics and the method of transmitting and receiving data through a 

wireless medium between two or more stations, each using the WiMedia PHY. 

 

The basic idea of MB-OFDM is to divide the spectrum into 14 smaller sub-bands. 

Each band is 528 MHz wide and are grouped in band groups so that the first 12 

bands form four band groups of three bands, and the last two bands are grouped 

into a fifth band group (Figure 8). This way the transmitter and the receiver are 

processing smaller bandwidth signals.  

 

 

Figure 8: Band grouping in MB-OFDM 

Each band uses a total of 110 sub-carriers to transmit the information. From these 

sub-carriers 100 are data carriers and 10 guard carriers. MB-OFDM uses 

frequency-domain spreading, time-domain spreading and forward error correction 

(FEC) coding for varying the data rates.  

The coded data is spread to frequency bands using a time-frequency code (TFC).  

ECMA-368 specifies two different types of TFCs: one, where the coded data is 

interleaved over three frequency bands, and the other, where coded information is 
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transmitted over single band. The first method is called Time-Frequency 

Interleaving (TFI) and the second method is referred to as Fixed Frequency 

Interleaving (FFI).  Interleaving data across all bands has its benefits. It exploits 

frequency diversity and provides robustness against multi-path fading and 

interference.  

MB-OFDM has many advantages. For one, it has excellent robustness against 

interference. It has also high scalability: channels can be turned on or off to 

comply with changing regulations. As technology develops and capacity 

requirements increase, more channels can be added. This feature of turning 

channels on and off improves also the coexistence with other devices. 

 

3.2.2 WiMedia MAC 

The WiMedia MAC sublayer specified in ECMA-368 standard corresponds to the 

MAC sub-layer in OSI and 802 models. Generally MAC sub-layer provides 

addressing and channel access control mechanisms that enable multipoint 

communication. It acts as an interface between Logical Link Control and the 

network’s physical layer, and relies on the services provided by the PHY. 

The WiMedia MAC supports mobility by allowing devices maintain connectivity 

while moving across network boundaries in which networks split and merge. 

Functionalities, such as coordination and medium reservations, are distributed 

among devices in order to maximize flexibility, avoid interference and ensure 

Quality of Service (QoS). Prioritized schemes for synchronous and asynchronous 

data transfer are provided by a combination of Carrier Sense Multiple Access 

(CSMA) and Time Division Multiple Access (TDMA). WiMedia MAC has also 

policies that ensure equal sharing of the bandwidth.  

According to the Ecma standard WiMedia MAC requires the following features 

provided by the PHY: 

- Frame transmission in both single frame and burst mode 

- Frame reception for both single frame and burst mode transmission 
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- PLCP header error indication for both PHY and MAC header structures 

- Clear channel assessment for estimation of medium activity 

- Range measurement timestamps if MAC range measurement is 

supported.  

 

The PHY frame is shown in figure 9. The PHY transmits its frames either one at a 

time or in bursts. The preamble tells how frames are transmitted. The PLCP 

header includes both PHY and MAC header and is protected by a header check 

sequence (HCS). The frame payload is followed by the frame check sequence 

(FCS).  

 

 Figure 9: The structure of the PHY frame 

 

Frames are transmitted in identical bit order by the PHY from source device to the 

destination device. The frame starts from the leading edge of the first symbol of 

the frame at the local antenna and ends to the trailing edge of the last symbol of 

the frame.  

 

The exchange of parameters between the MAC and the PHY support frame 

transmission and reception. Exchanged parameters allow the MAC sublayer to 

control, and be informed of, the frame transmission mode, the frame preamble, the 

frame payload data rate and length, the PHY channel and other PHY-related 

parameters. The MAC has full control of frame timing in single frame transmission, 

but in burst mode it controls only the timing of the first frame. The remaining 

frames are timed by the PHY.  
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The MAC service specified in ECMA-368 standard provides: 

 

- Frame transmission in both single frame and burst mode 

- Communication between cooperating devices within radio range on a single 

channel using the PHY 

- A distributed, reservation-based channel access mechanism 

- A prioritized, contention-based channel access mechanism 

- A synchronization facility for coordinated applications 

- Mechanisms for handling mobility and interference situations 

- Device power management by scheduling of frame transmission and 

reception 

- Secure communication with data authentication and encryption using 

cryptographic algorithms 

- A mechanism for measuring the distance between two devices.  

 

The WiMedia MAC is especially designed for enhancing mobility. Its architecture is 

fully distributed, which means that all devices provide all required MAC functions 

and optional functions determined by the application. It supports dynamic and ad 

hoc connectivity and fast data downloading, which are also important features of 

mobile environment.   

 

Devices within radio range are coordinated by exchanging beacon frames. These 

frames are transmitted periodically and used to discover other devices within the 

wireless network. Periodic transmission enables device discovery, supports 

dynamic network organization and provides support for mobility. Beacon frames 

carry reservation and scheduling information for accessing the medium and 

provide also the basic timing for the network.  

 

The enabled device scans one or more channels for beacons before selecting 

one. If no other beacons are detected in the selected channel, the device creates 

its beacon period (BP) by sending a beacon. If the device discovers other beacons 

in the channel, it synchronizes its BP to already existing beacons in the channel. If 
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the device finds the channel unsuitable, it uses the dynamic channel selection 

procedure to move to a new channel. 

 

A superframe is the basic timing structure for frame exchange. It consists of 256 

medium access slots (MASs), 256 µs each. The structure of superframe is 

described in figure 10. Each device beacons during the BP in the beginning of the 

superframe. Rest of the superframe is for data transfers.  

 

 

 

Figure 10: MAC superframe structure  

 

The medium is reserved for isochronous or other traffic using distributed 

reservation protocol (DRP). This protocol provides also the TDMA access. 

Reservations are announced in the beacons.  

 

Power management is an essential feature when dealing with mobile, battery 

powered devices. Battery life can be extended by enabling devices to turn off 

completely or go to power-saving mode for long periods of time. ECMA-368 

standard provides two power management modes in which devices can operate: 

active and hibernation. In active mode the device sends and receives beacons in 

the current superframe. A device can be in one of two power states: awake or 

sleep. In awake state the device is able to transmit and receive, in sleep it is not 

transmitting or receiving. Before going into hibernation mode, a device shall 

announce its intentions in previous superframe(s).  
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3.3 Advantages 

UWB has many advantages compared to any sole existing PAN technique. These 

advantages make it especially suitable for mobile devices and wireless 

environment.  

The nature of the short-duration pulses used in UWB technology offers many 

advantages over other narrowband communications systems. As already 

mentioned, FCC has restricted the power of UWB systems to -41.3 dBm/MHz. 

This puts them in the category of unintentional radiators, such as TVs and 

computer monitors. Such restriction has both pros and cons. It allows UWB 

systems to reside below the noise floor of a typical narrowband receiver enabling 

UWB signals to coexist with current radio services with minimal or no interference. 

This depends on the type of modulation used for data transfer, because some 

modulation schemes can generate unwanted spectral lines in their power spectral 

density and this way increase the chance of interference to other systems. This 

makes the UWB system more vulnerable to interference from other radio services. 

(Nekoogar 2006) 

One of the most significant advantages of UWB is its high channel capacity. 

Hartley-Shannon’s capacity formula 

  C = B log (1+ SNR)   (1) 

shows, that the channel capacity C increases with the bandwidth B. Therefore 

UWBs’ wide spectrum enables high data rates, at this moment up to 480 Mbps. 

Because of the FCC’s power limitations higher bit rates are available only for short 

distances, maximum of 10 meters. As seen in the Hartley-Shannon formula, the 

channel capacity is only logarithmically dependent on signal-to-noise ratio (SNR). 

This makes UWB communications systems capable of working in harsh 

communication channels with low SNRs and still offer high bit rates. (Nekoogar 

2006) 

UWB systems have an inherent immunity to detection and interception due to their 

low average transmission power. UWB pulses are modulated with codes unique to 

each transmitter/receiver pair. These factors make UWB systems highly secure. 
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(Nekoogar 2006) Low transmission power allows UWB systems to operate over 

entire spectrum, also on the bands that are reserved to other radio services, 

without degrading their quality of operation. Figure 11 presents the comparison of 

transmission powers of UWB and other RF techniques. UWB operates on much 

lower power and wider frequency area than Bluetooth and WLAN. 

 

Figure 11: Transmission power comparison (Wandile 2005)  

UWBs wide frequency spectrum offers high processing gain (PG) for UWB signals.  

PG is a measure of a radio system’s resistance to jamming. It is defined as the 

ratio of the RF bandwidth to the information bandwidth of a signal, and can be 

easily calculated from the following formula: 

  PG = 
 Bandwidth  nInformatio

 Bandwidth RF
  (2) 

High processing gain causes frequency diversity, which in turn makes the signals 

relatively resistant to intentional and unintentional jamming, because no jammer 

can jam every frequency in the UWB spectrum at once. If some frequencies are 

jammed, there are still many frequencies untouched. (Nekoogar 2006) 
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 When talking about wireless communications channels, there is always an issue 

with multipath signal travel. Multipath is caused by multiple reflections of the 

transmitted signal from various surfaces such as buildings, trees and people.  The 

very short duration of UWB pulses makes them less sensitive to the multipath 

effect, leaving the reflected pulse with a very short window of opportunity to collide 

with the LOS pulse and cause signal degradation. (Nekoogar 2006) 

UWB transmission is carrierless, which means that data is not modulated on a 

continuous waveform with a specific carrier frequency. This kind of transmission 

requires fewer RF components than carrier-based transmission, resulting in 

simpler and cheaper transceiver architecture. Figure 12 compares Bluetooth and 

UWB transceiver architectures. The transmission of low-powered pulses removes 

the need for a power amplifier in transceivers. There is also no need for mixers 

and local oscillators used to carrier translations. The simplicity of transceiver 

architecture makes an all-CMOS (Complementary metal-oxide semiconductor) 

implementation of UWB transceivers possible, which translates to smaller size and 

lower production costs. (Nekoogar 2006, Kivisaari 2002) 

 

Figure 12: Transceiver architecture comparison (Kivisaari 2002) 
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3.4 Restrictions and challenges 

UWB has many advantages compared to existing data transmission techniques, 

but it has also its limitations. Short duration pulses create their own challenges for 

communications. Low-power UWB signal can get easily distorted by the 

transmission link. Received signal power decreases quadratically with the increase 

in frequency. These drastical changes distort the pulse shape. This will in turn limit 

the performance of UWB receivers. (Nekoogar 2006) Low transmission power 

shortens the distance which the information can travel.  

Channel estimation is a very important aspect of receiver design in wireless 

communications systems. Not every wireless channel in the field can be 

measured, and that is why training sequences are important. These sequences 

are used to estimate channel parameters, such as attenuations and delays of the 

propagation path. Prior knowledge of the wireless channel parameters is 

necessary to predict the shape of the template signal that matches the received 

signal. Because of wide bandwidth and low signal energy, UWB pulses undergo 

severe pulse distortion. This makes channel estimation very challenging. 

(Nekoogar 2006) 

With all wireless communications systems, time synchronization between the 

transmitter and receiver is a very crucial thing. UWB signals are so narrow that 

very fast analog-to-digital converters are needed. Due to the strict power 

limitations and short pulse duration UWB systems are highly sensitive to timing 

errors such as jitter and drift. (Nekoogar 2006) 

Shared transmission medium, air interface in this case, creates requirements for 

communications systems, especially to the receiving end. One or more receivers 

should be able to separate different users and detect information from the user of 

interest. Interference caused by other users is called multiple-access interference 

(MAI), which is a limiting factor to channel capacity and performance of the 

receivers. MAI together with channel noise and narrowband interference can 

significantly degrade the low-powered UWB pulses and make the detection 

process difficult.  
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Mobile hardware sets its own challenges to the use of UWB. The processor of the 

device must be powerful enough to be able to process the amount of transferred 

data, however keeping in mind the limited lifetime of the battery. The RAM of the 

mobile devices is still relatively small, so with larger data amounts storage must be 

used. This is of course not just a downside of UWB, but a general issue for any 

large data handling.   

As seen from the previous chapters, some of the features of UWB are both 

advantages and challenges. For example low transmit power and short signal 

duration have both good and bad sides. It is crucial to find a way to exploit the 

good part and eliminate the bad part when designing UWB systems.  

 

3.5 UWBs coexistence with other radio systems 

The number of mobile and wireless communications devices is growing constantly, 

and this is resulting in increasing demand for radio frequencies (Smyth 2004). 

Because UWB operates on a very wide frequency band, it inevitably overlaps with 

other RF technologies. Devices operating in the same frequency bands can cause 

interference to each other.  

Following table (Table 2) shows other techniques operating in the same frequency 

band as UWB. Frequencies highlighted in red are overlapping and frequencies 

highlighted in orange are situated close. It can be seen, that most of the 

overlapping happens in cellular and WLAN frequencies. 
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Table 2: Overlapping frequencies of UWB and other RF technologies 
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Besides encountering interference from other narrowband systems, UWB also 

causes some interference to them. Most critical is the interference with Global 

Positioning System (GPS) and navigation bands, as well as cellular bands. The 

extent to which performance is degraded by the interference depends upon the 

number and distribution of the interferers, the relative powers and the type of 

modulation used. (Reed 2005) 

Most UWB applications consist of high speed data transfers over short distances. 

The close proximity and relatively low transmission power of participating nodes 

will help reduce mutual disruption with other users. On the other hand, the low bit 

energy and lack of significant PG means that, when interference is present, it can 

affect the signal. In that case the signal can get distorted or weaken, which results 

in decreasing performance. Different types of information sent over the wireless 

networks have different levels of sensitivity to the interference. This means, that a 

voice link could be more sensitive to interference than a data link being used to 

transmit a file. In real world this can be easily noticed when using BT headsets.  

There are some methods that can be used to improve performance in the 

presence of other users in the 2.4 GHz ISM band.  These methods are specified in 

the IEEE 802.15.3 standard. One of them is passive scanning. It is defined, that all 

WiMedia devices must passively scan potential channels before starting a piconet. 

The channel should be quite quiet before beacon transmission can start. This 

decreases the chance that WiMedia device is using a reserved channel. If the 

device notices interference in the channel it is using, it can start searching for a 

new operating channel with lower level of interference. This is called dynamic 

channel selection (Morrow 2004).  

There are also several other methods for improving the coexistence between 

WiMedia devices and narrowband systems. More detailed descriptions can be 

found from IEEE 802.15.3 standard (IEEE 2003b). 
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4. THE FUTURE OF UWB 

UWB can be used as a transfer medium for several technologies, such as WUSB, 

wireless 1394 and Bluetooth over UWB. These technologies are built on top of 

WiMedia Convergence Platform, which in turn consists of WiMedia PHY and MAC 

layers. The architecture can be seen in figure 13. Between WiMedia Convergence 

Platform and different technologies is the protocol adaptation layer (PAL). PAL 

hides the low-level details of underlying layer and mimics the high-level behavior 

of target protocol.  

 

Figure 13: UWB applications (Taori 2006) 

 

This chapter introduces some of the most important future applications of UWB in 

more detail. Later, some of existing techniques and UWB are applied to some 

example use cases, and their suitability for mobile devices is evaluated.  
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4.1 WUSB 

Wireless USB is the wireless version of the existing wired USB. It is presented 

here as it is specified in WUSB Specification (WUSB Promoters Group 2005). 

WUSB builds on top of WiMedia Convergence Platform and provides data 

transmission speed up to 480 Mbps. WUSB is designed to leverage the existing 

USB infrastructure and preserve the model of smart host and simple device. As 

WUSB is wireless, the devices have to be self-powered, e.g. run on batteries.  

WUSB is designed to allow the device to be as power-efficient as possible, 

dictating only certain moments when radios have to be on. The rest of the time 

radios can be turned to low-power mode and save the batteries. Also security 

issues have been taken into account. WUSB provides several mechanisms to 

ensure that the device is communicating only with its intended host and vice-

versa.  

WUSB host can support up to 127 devices. Because it does not have physical 

connections there is no need to use hubs as extensions. In WUSB topology the 

host is in the center and devices communicate directly with it (Figure 14). This is 

called a “hub and spoke” model. The WUSB host and devices associated with it 

form a WUSB cluster.  
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Figure 14: WUSB topology  

WUSB host is responsible of scheduling data communications on the WUSB 

channel between itself and WUSB devices belonging to the same cluster. It 

schedules the transactions using Micro-scheduled Management Commands 

(MMCs) that it broadcasts to devices periodically.  

A WUSB device can be either a function, like printer, digital camera or mobile 

phone, or a Device Wire Adapter, which provides a connection point to a wired 

USB device. Each device is assigned with a USB address when it is attached and 

enumerated. Devices are accessed by this address. Each device must also 

support a specially designated pipe at endpoint zero to which the USB device’s 

USB control pipe will be attached. All WUSB devices support an access 

mechanism for accessing information through this control pipe.  
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WUSB devices can be divided into three different categories according to their 

awareness of MAC layer mechanisms. The categories are  

- Self Beaconing device 

- Directed Beaconing device and 

- Non-Beaconing device. 

Self Beaconing devices implement the MAC layer protocol fully. This means that 

the device knows how to manage the MAC layer channel including 

synchronization and maintenance of MAC layer beacon periods. Self Beaconing 

devices must be able to determine which MAS slots are available for 

communication with the host. All DRP reservations seen by the device must be 

excluded from devices MAS information, except reservations that comprise WUSB 

channel reservations.  

Directed Beaconing devices implement only the WUSB channel. They must 

support three functions: Transmit packet, Count packets and Capture packet. The 

host must ensure that a device is never enabled to more than one of these 

functions at a time. The Transmit packet function is used to have the device 

transmit a beacon packet at regular intervals. The Count packets function is used 

to make the device to receive some period of time, record how many packets were 

received and when, and store some basic information about the received packets. 

The Capture packet function makes the device to try to receive and store a single 

packet during a specified period of time.  

Non-Beaconing devices are devices, that have reduced transmit power and 

receiver sensitivity, and that can exist only close to their hosts.  

WUSB is an even easier way of connecting mobile devices than traditional USB 

because of its lack of cables and physical ports. It can be implemented in the 

same items, such as mobile devices, PC peripherals and consumer electronics, as 

wired USB.  
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4.2 Bluetooth over UWB 

Bluetooth SIG has started discussions about adopting UWB PHY and MAC layers 

in upcoming Bluetooth specifications. UWB offers a way to increase Bluetooth’s bit 

rate, which is relatively low, compared to other PAN techniques. Existing Bluetooth 

HCI could be utilized without major modifications in future implementations, hence 

enabling one HCI interface between host and BT-WiMedia radio module. 

Combining two different techniques is always challenging. Bluetooth and UWB 

have different basic networking topology and access methods, but the basic 

architecture is similar enough to offer possibilities to combine these two 

techniques. (Palin et. al 2006) 

Chip vendors are also interested in implementing UWB over BT. There are plans 

for using the same chip for both WUSB and BT over UWB. This would offer huge 

volume opportunity for semiconductor manufacturers and make these 

technologies easily implemented to products. BT brand is already widely 

recognized, and could be used for promoting new features to the public. WUSB 

works well in host-device environment, and BT could be utilized in peer-to-peer 

connections. (Aiello 2005) 

 

4.3 Other applications 

UWB forms a good basis for many applications requiring high data rates. Many 

applications are related to home entertainment. The market trend moves towards 

wirelessness, and to this demand UWB answers well. In not so distant future all 

consumer electronics, such as HDTVs, DVD-players and PCs at home are 

connected wirelessly together. This will decrease the amount of wires needed all 

around the living room, for the delight of many decorators.  

Wireless 1394 is one possible solution for home entertainment enabled by the 

UWB technology. It provides high-speed peer-to-peer connections suitable 

especially for home theater systems. (Wandile 2005) In 2004 the 1394 Trade 

Association approved the new protocol adaptation layer based on the IEEE 
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802.15.3, enabling wireless 1394 product development. Wireless 1394 will support 

data rates up to 400 Mbps.  

UWB can serve as a basis also for IP based applications and profiles. WiNET is 

WiMedia Network Encapsulation Protocol that builds on top of WiMedia 

Convergence Platform augmenting it with TCP/IP services supporting IPv4 and 

IPv6.  

Besides the possibilities in home entertainment, UWB could be implemented also 

in business purposes. A user could for example wirelessly connect his mobile 

phone or laptop to a projector and present his slide show to the audience without 

any hassle with the cables.  

 

4.4 Example use-cases 

Following chapter compares UWB with other PAN techniques. Two important 

features when talking about PANs and small handheld devices, data rate and 

power consumption, are used in comparison. Also other factors affecting the 

performance are introduced. Some central PAN use cases are presented and 

different techniques applied to them.  

Following table (Table 3) summarizes the signaling rate, theoretical maximum 

transfer rate and power consumption of transmission and receiving of techniques 

used in comparison. Techniques are chosen based on assumption that they have 

already been implemented in mobile devices (with the exception of UWB).  
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Table 3: Comparison data (Sources: *= CSR 2007, ** = SyChip 2005. ***= Nokia 
Oyj 2007) 

 

Maximum transfer rates are calculated by taking the theoretical maximum transfer 

rates defined in specifications and reducing physical- and MAC-layers protocol 

overhead. Theoretical maximum is achieved only in ideal circumstances. In real 

life many factors, for example interference from other devices or the amount of 

objects radio waves have to penetrate, decrease the bit rate. These factors are not 

taken into account in calculations. Also retransmissions and upper layer protocols 

(e.g. TCP or IP) are excluded from calculations. 

BT, WLAN and USB power consumption values are values announced by chip 

manufacturers, or values directly from specifications. UWB power consumption 

values are average values from various chip manufacturers. These values are also 

suggestive. Actual power consumption may be smaller, because the chip does not 

necessary work with full power during the whole transaction, but may go into sleep 

mode while not being used. Other power consuming factors are e.g. writing to the 

memory card, microcontroller and other simultaneous processes. As this 

comparison is focused strictly on technological level, these factors are excluded 

from it. For reference, nowadays the average battery life is 900 mAh (Nokia Oyj). 

This means, that if device consumes power 1 mA, it can operate 900 hours with 

one battery without charging. 

Technique Signaling 

rate (Mbps) 

Theoretical 

maximum 

transfer rate 

(Mbps) 

Power 

consumption 

Rx (mA) 

Power 

consumption 

Tx (mA) 

BT 2.0 + 

EDR  

3  2.1781  70* 70*  

802.11g 54  34 275** 450** 

UWB  480  399 300*** 250*** 
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As mobile devices’ own flash memory is quite limited in size due to price 

considerations, external memory cards are often used as mass storage medium. 

In this case the memory cards’ read and write speeds, which are lower than those 

of the device flash, may affect the overall performance. Popular microSD cards 

used in mobile devices support speeds up to 80 Mbps, so in this case the speed is 

not a problem with data rates under that. The device must store the data into 

buffer to be processed later in case the receiving end cannot process data fast 

enough. 

 

When calculating the time spent in use cases, it is assumed that the devices have 

already discovered each other and formed a connection between them. Time 

spent to these transactions is not taken into consideration when making the 

calculations. 

 

Calculations are made using following equations: 

 

 Time spent on transaction =  
(Mbps) rate transfer  maximum lTheoretica

(Mb) data of amount The
     (3) 

 
 

Consumed power during the transaction = 
 

Power consumption (mA) x Time spent on transaction (h)           (4) 
 
 
 
 
4.4.1 Streaming 

Use case 1 (Appendix A) deals with streaming. Streaming media is multimedia, for 

example high quality video that is continuously received by, and normally 

displayed to, the end user whilst it is being delivered by the provider. Normal HD-

quality (720p) streaming media requires bit rate of approximately 15-20 Mbps. This 

means that more traditional techniques, such as Bluetooth, WLAN or Full Speed 

USB, cannot be used to this purpose, because of their insufficient bit rates.  
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At the moment there is no mobile device powerful enough to decode HD-quality 

material. That is why external display used in this use case must be able to 

decode it itself.  

UWB is suitable for streaming purposes because of its high bandwidth. High data 

rates enable the transmitting device to go into sleep mode while the receiving 

device is processing the buffered data. This, of course, results in lower power 

consumption, because the processor of the transmitting device does not have to 

work with full power the whole time. If we assume, that the device with 900 mAh 

battery transmits streaming media continuously, the time it could do so is around 

3.5 hours. When keeping in mind that also other processes consume power at the 

same time, the time is shorter.  

UWB is capable of handling multiple HDTV streams with a quality level equivalent 

to a wired system. At the moment it is the only wireless technology that is able to 

do so. Streaming high quality media will probably be one of the UWBs prime 

purposes of use in consumer electronics. (Nekoogar 2006) 

 

4.4.2 File download 

File download does not have any bit rate limitations. Limiting factors are the time 

user wants to spend to the download, and when dealing with mobile devices, the 

price of the data transfer, if applicable.  Essentially the quicker the download, the 

better for the user. It makes a difference whether you spend e.g. one hour or ten 

minutes downloading a movie to your mobile phone.  

In use case 2 (Appendix B), the user wants to download a 640 MB file from the 

web. With BT, even with the theoretical maximum rate, this would take almost 40 

minutes and consume a lot of power, and all this in ideal environment. Actual 

download time is more likely twice as much, which in turn increases the power 

consumption. Calculated power consumption with 40 minutes download time is 47 

mAh.  
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With WLANs throughput, 34 Mbps, the download time is 2,5 minutes. Again, 

interference in real life environment can easily double this time. However, the time 

is much more realistic when thinking of the time user wants to spend downloading 

files. The power consumed when downloading the file using WLAN is 12 mAh. 

This is remarkably less than with BT. 

UWB speeds up the download significantly. With theoretical maximum rate the 

download time is 13 seconds. Power consumed during that time is 1.7 mAh. The 

difference between WLAN and UWB power consumption is not as notable as it is 

when comparing BT to UWB.  

 

4.4.3 Synchronization 

Nowadays is assumed that a mobile phone can be easily and quickly 

synchronized with a PC. Users’ calendar, contact information, pictures and emails 

can be defined to be synchronized automatically when user enters the range of his 

PC, or user can initiate the synchronization himself.  

Synchronization consists of series of small, two way transactions. The amount of 

transferred data is not necessary big, depending on the type of data. High quality 

images and music require of course more space than calendar entries and 

contacts. The amount of synchronized data ranges from few to few hundred 

megabytes. 

In use case 3 (Appendix C) the user wants to synchronize her emails, calendar 

information, contacts and MMS between her PC and her mobile device. The total 

amount of synchronized data is 10 MB. With BT, the synchronization event would 

last 36 seconds. UWB would perform the same action in less than one second. If 

we assume, that half of the time spent on transaction consists of receiving, and the 

other half on transmitting, with BT the power consumed is 0.7 mAh. With UWB the 

power consumption would be almost nothing.  

 Also in this use case the swiftness of the transaction is essential. With 

transmission speed fast enough the whole synchronization event becomes almost 
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unnoticeable, improving this way the user experience. If user uses BT for 

synchronizing, he will notice the transaction as it lasts as long as 36 seconds. With 

UWB the whole event happens so fast the user can hardly realize it. This definitely 

improves the user experience, because the user does not have to wait for the 

synchronization to be over.  
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5. CONCLUSIONS 

UWB seems to be capable to answer to the increasing demand of higher 

bandwidth. Its features, such as low power consumption and good coexistence 

with other radio techniques, make it well suitable for use in mobile devices. 

Despite the promising outlook, there are still many questions to be answered, 

before the final breakthrough can take place. 

First of all, the standardization situation is still uncertain. Two camps, WiMedia 

Alliance and UWB Forum, are still competing against each other. Only time will 

tell, which proposition will become the prevailing one, and gets selected as the 

base for the future IEEE standard. At the moment WiMedia Alliance seems to 

have the upper hand, because many leading manufacturers, such as Intel, Texas 

Instruments, Microsoft and Nokia, are promoting it.  

One question mark will be the price of UWB chips. In order to become widely 

adopted in mobile devices, the price of the chip must not be too high. Bluetooth is 

a very good example of a reasonably priced component, which has allowed it to be 

implemented in a wide variety of devices from game consoles to mobile phones.  

UWB also has rival technologies emerging. The 802.11n standard will offer high bit 

rates with longer range. The 802.11 standard has already a strong position in the 

market, and being backwards compatible with existing standards the n-standard 

may be easily adopted by the users. There is a clear need for a single universal 

short range data transmission technique that offers easy and efficient method to 

access information using a variety of devices. Much will depend on timing and how 

well these techniques will respond to the requirements of WPAN.  

One of the advantages of UWB is undoubtedly its high bit rate. As seen from the 

use cases, the time spent to transactions is significantly shorter than with more 

traditional methods. The bit rate is also high enough to meet the needs of 

demanding multimedia content. Although the power consumption of UWB is higher 

than that of other techniques, the much shorter time the processor has to work 

with full power reduces the overall consumption to almost minimum.  
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One aspect of user experience is the reliability of the data transmission. UWBs’ 

tolerance to interference should also be taken into consideration. These factors 

affect the adoption of a new technique. The uncertainty with the standards may 

also cause problems from the user point of view, when devices built on two 

different technologies are not compatible with each other.  

Thomas Zimmerman dreamt of a world, where everything would be open and 

available to anyone. The development is heading this way. Information sharing is 

nowadays much easier than a couple of years ago, thanks to for example 

YouTube video sharing service and peer-to-peer networks. As all these new 

services require higher bandwidths, UWB has good chances of becoming the 

leading technology in next generation data transmission. 
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APPENDICES 
 
APPENDIX A 
 
Example use case 1: Streaming to external display 
 

Name Streaming to external display 

Actors User 

Mobile device 

External display 

Goal in context User can show a video clip with audio soundtrack on 

an external display screen. 

Preconditions 1. Mobile device and external display are connected 
over UWB using the WiMEDIA MAC/PHY v1.2 and 
appropriate application  

2. External display shows a startup screen. 

3. User has selected the video clip she wants to share. 

 

Main steps 1. User starts a video playback from the mobile 
device. Only the video clip is shown in the external 
display screen and user hears the video sound from 
the external display loudspeakers. 

 

Postconditions Video clip is displayed on the external display screen. 

  

  

  

 

 



 

 

 

APPENDIX B 
 
Example use case 2: File transfer  
 
Name File transfer 
Actors User 

Mobile device 

Internet access point 
Goal in context User downloads a file from internet to a 

mobile device’s external memory card 
using an internet browser, UWB bearer, 
WiMEDIA MAC/PHY v1.2 and 
appropriate application  

Preconditions 1. The mobile device is in cellular idle 
mode 

2. Mobile Device and internet access 
point are connected over UWB using 
the WiMEDIA MAC&PHY v1.2 and 
appropriate application 

3. WiMEDIA MAC&PHY v1.2 specified 
480 Mbit/s transfer speed is used 

4. Appropriate application for data 
transmission is used.  

5. No UWB or IP security mechanisms 
are used.  

6. No file system encryption or DRM is 
used. 

7. Mobile device has removable 
memory card, whose size is a minimum 
of 640 Mbytes. The memory card’s 
sustained read/write throughput shall 
not be limited below the specified 
memory card’s interface speed. 
Removable storage is not fragmented. 

8. The removable memory card has 
minimum of 640 Mbytes free space 
available. 

9. A browser application is active in the 
mobile device and user has selected a 
web page containing a 640 Mbytes file. 

 



 

 

 

 
Main steps 1. User selects the 640 Mbyte file from 

the web page. 

2. File download starts from the 
internet web page to the mobile 
device’s external memory card.  Mobile 
device shows the file name and 
progress of the transfer. 

3. Mobile device informs the user when 
the file transfer is completed. 

 

 
Postconditions File is transferred from internet to 

mobile device’s external memory card. 
 



 

 

 

APPENDIX C 
 
Example use case 3: Synchronizing 
 
Name Synchronizing 
Actors User 

Mobile device 

PC 
Goal in context User can synchronize her emails, 

calendar information, contacts and 
MMS between her PC and mobile 
device. 

Preconditions 1. Mobile device and PC are known to 
each other. 

2. User has automatic synchronization 
configured and activated. 

3. The mobile device is connected to 
her PC. Office profile has become 
automatically active. Her PC has some 
new mails and calendar items. The 
mobile device has new business 
contact information and multimedia 
messages. The total amount of 
synchronized data is 10 MB. 

 
Main steps 1. When synchronization starts the 

mobile device starts to indicate user 
that the synchronization is going on 
(e.g. with the synchronization icon). 

2. At the end of the synchronization the 
mobile device stops informing user that 
the synchronization is going on.  

 

Postconditions The following things are synchronized: 

Her emails, calendar items, contacts 
and multimedia messages are 
synchronized between the PC and the 
mobile device. 

 
  

 


