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[bookmark: _GoBack]INTRODUCTION
There are different types of communications networks. A Local Area Network (LAN) refers to the network that covers a small geographic area such as a school or a company; a Metropolitan Area Network (MAN) usually spans a larger area such as a city or a state, whereas a Wide Aare Network (WAN) provides communication in a broad geographic area covering national and international locations. Besides, Personal Area Networks (PANs) also exist. A PAN is a wireless LAN with a very short range (up to a few meters), enabling computer devices (such as PDA, and printer) to communicate with other nearby devices and computers.
 In recent years, due to the increasing popularity of location-enabled mobile devices, a new type of communication network is emerging, and we call it Near-me Area Network (NAN). It focuses on the communication among the wireless devices in close proximity, creating a new kind of application domain.













NAN: NEAR-ME AREA NETWORK
A NAN is a logical communication network on top of the existing physical network infrastructures, focusing on the communication among the wireless devices in close proximity. Unlike LAN in which the devices are in the same network segment and share the same broadcast domain, the devices in a NAN can belong to different proprietary network infrastructures (e.g., different mobile carriers). Therefore, in a NAN, even though two devices are geographically in close proximity, the communication path between them may practically take a long distance, going through from a LAN, the Internet, and to another LAN.
Though mobile devices have provided location-based services (LBS) for a long time, the concept of NAN and its applications have been emerging recently. The conventional LBS are typically offered by wireless carriers (in partnership with content providers) to their own subscribers. By making use of the geographical position of mobile devices, LBS provides users with information specific to their location, such as the nearest banking cash machine or gas station. This kind of services focuses on a user’s access to information, whereas the NAN applications focus on the two-way communications among the people within certain proximity. On the other hand, the NAN applications mainly consider the proximity of people, but the exact location of the people is not always concerned.









EMERGENCE OF NAN
NAN is emerging because some services are only meaningful to a group of people who are in close proximity. The following scenarios show some examples of NAN applications:
1. Ben is going to buy 3 bottles of red wine in ABC supermarket. The supermarket offers 30% discount upon purchase of 6 bottles. He then sends out message to the people nearby to see if they would like to buy the other 3 bottles of wine.
2. Susan bought a movie ticket in the cinema 15 minutes ago, but now she feels dizzy and cannot watch the film. In this case, she sends out messages to the people around the cinema to see if anyone will purchase her ticket at 50% off.
3. Carol has just lost her son in the street, she sends out her son’s picture stored in her mobile device to the passers-by to see if they can find her son. It is illustrated in Fig. 1.
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Fig. 1. An example of the use of NAN applications.



4. In the theme park, the guests would like to know the queue status of each game so as to reduce the waiting time. Thus, each one takes a photo of the queue and shares it with other guests through the NAN application.
5. Ann works in Causeway Bay and she would like to find someone to have lunch together, she checks her friend list to see who is closet to her at this moment and invites her friend to join.


















NAN FORMATION
A NAN can be formed privately within a mobile carrier network. The location of a mobile device in a carrier network can be identified (without GPS) by the triangulating process, which involves the calculation based on the signal from cell towers (base stations) serving the mobile phone. By maintaining the database of the locations of all running mobile devices, various kinds of applications can be developed for the group of users in close proximity. However, this type of closed environment does not allow applications to exchange information among mobile devices from different carriers. In other words, the users outside of the proprietary infrastructure provided by the carrier cannot be discovered, limiting the advantages of NAN.
A global wise NAN can be achieved through the mobile devices that possess both a GPS locater and Internet connectivity. The wide-area wireless connectivity to the Internet can be provided by a number of technologies such as WiFi/WiMAX, Exchanged Data rates for GSM Evolution (EDGE), High speed Downlink Packet Access (HSDPA). After retrieving the current position returned from the GPS module, the application running in the mobile devices can exchange their locations through a server in the Internet. In this case, the application can discover the nearby users no matter which carrier they are attached to.









NAN ARCHITECTURE
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Fig. 2. A NAN is formed for those devices with both a GPS receiver and connection to
the internet.

If an application is developed for the mobile devices that possess both a GPS receiver and the Internet connectivity, the development process is not challenging. In this case, the platform of the devices typically provides the application-programming interface to return the location coordinates for programmers. After obtaining the value of the coordinate, the programmer can use the typical Socket programming or the existing protocol (e.g., HTTP) to talk to a central server in the Internet that keeps the current locations of the present users. By using the location information, the application can provides various kinds of service, such as messaging the nearby people and sharing photos among them.



















EXISTING NAN PROTOTYPES AND APPLICATIONS
iPhone - the platform for running NAN applications
As Apple’s iPhone  supports 3G data speed and Assisted-GPS, it provides a very convenient platform for developers to create a variety of NAN applications. Some of them are shown below.
Handshake -- exchange contact information with another beside you:
Handshake  allows a user to easily pass its contact information to another user nearby without typing. For example, one day, Alice meets Bob and they want to exchange the contact information. They both launch Handshake, which will then identify the nearby user using the iPhone’s built-in location service. After that, one can send its contact entry to another. This process is done without any typing and hence avoiding typos.
WhosHere -- meet new people with similar interests around you:
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Fig. 3. WhosHere
WhosHere  helps the user to meet other people nearby with similar interest. First, users fill out their profile and indicate the types of person they would like to meet. Then, WhosHere will show the people close to the user that match the description. After that, users can send text message to each other within WhosHere itself. As can be seen, this NAN service eliminates the need to give out phone number, email or IP address, which provides another way of communication.
Loopt -- get alerted when friends are nearby:
[image: loopt-.jpg]
Fig. 4. Loopt
Loopt  allows users to better connect friends on the fly. The operation of Loopt is simple. It first requires users to create a friend list. If the location sharing option is turned on, Loopt will regularly update its location to the server. By consulting the server, Loopt can show a user his/her friends, their location and distance from him/her, and the last time they updated their location. As a result, Loopt allows users to see their friends on a detailed map,, get alerted when friends are nearby, exchange photo and other information, and explore places and events recommended by friends.




Fire Eagle - a central server supporting the NAN applications

[image: untitled.bmp]
Fig. 5. Yahoo’s Fire Eagle
Yahoo’s Fire Eagle  is a site (or a central service) that stores information about users’ location, allowing other sites and applications to access it so as to provide services. Users can update their location to Fire Eagle manually on its official web site, or automatically by their mobile devices with the Fire-Eagle-enabled applications. Users can decide to disclose their location to any site or application, and choose how much detail to disclose (e.g., exact point, neighborhood, city, state, country).
There are a lot of applications using Fire Eagle. For example, Outside.in Radar  uses the user’s location to provide personalized news and discovers what’s going on with 1,000 feet or closer. Brightkite  is another example, which allows users to share photos and notes with the people around them.



WhozThat - facilitating mobile social networks

[image: WhozThat.jpg]
Fig. 6. WhozThat
WhozThat  is a system for NAN that integrates online social networks with mobile devices (e.g., smartphones). Its goal is to provide information about the people around the user, and the information obtained from the online social networking websites such as Facebook and MySpace.
In the system, the mobile devices are supposed to possess both a local wireless capability (e.g., Bluetooth or WiFi) and a wide-area wireless connection to the Internet. The mobile device running WhozThat will periodically advertises the identifier of the owner of that device. The identifier represents a pointer to the user profile in an online social networking website. When there are nearby devices also running WhozThat, the devices will get the identifier and then query the social networking site to retrieve the social networking profile of the associated identity.
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Fig. 7. Context aware music jukebox on WhozThat
Based on the profile information, various kinds of application can be built, particularly those context-aware applications. In a context-ware music jukebox is demonstrated. With the use of the same approach mentioned above, the jukebox running WhozThat can receive the social network IDs advertised by the nearby WhozThat users. By checking the corresponding social network profiles that include the user’s favorite music, the jukebox can build song playlists that reflect the preferences of those users.





FUTURE NAN CHALLENGES
In near-me area network applications, the major challenge is to determine “near me” technically and effectively, which primarily involves the appropriate presentation of a place and the accurate identification of a position. On the other hand, without the widespread availability of NAN-enabled mobile devices and the addressed privacy issues, the NAN applications could be hardly popular.
Representation of a place
The coordinate system used by the Global Positioning System (GPS) is the most popular system to describe locations. That is, a latitude/longitude pair can define a precise point on earth. However, as mentioned in , though locations described in coordinates are often useful, it is sometimes more appropriate to use more abstract concepts to express locations. For example, the place names like “Central Park” and “Times Square” can be used to identify the geographic areas of Central Park and Times Square respectively. Wilde proposed a language called Place Markup Language to represent place name vocabularies and tried to integrate it with the Web architecture. This kind of expressions are sometimes more appropriate for the NAN applications that aims at the communications among the people in a particular location area.
Identification of a position
If a position can be accurately identified, more sophisticated NAN applications can be designed based on the degree of proximity among the people. To determine a position, the GPS receiver of a mobile device must receive a radio signal from at least three satellites. The GPS accuracy is affected by the environmental conditions. The noise or interference near the receiver can create an error between 1 to 10 meters. If there are physical objects such as highrise buildings that block the direct sight from the satellite to the receiver, an error up to 50 meters may occur. To overcome that, other technologies have been developed, and Assisted- GPS (A-GPS) is the most popular one. A-GPS systems use outside sources, such as an assistance server to help the GPS receiver identify the geographical location. The GPS receiver communicates with the assistance server via a wireless link (such as WiFi connection). Therefore, A-GPS also requires the installation of the wireless link in the mobile devices.
However, since satellites are required in GPS and A-GPS to transmit the signals, they often do not wok in-doors. The advantage of NAN applications can be maximized if the devices in the same indoor area can be discovered. For example, in a big exhibition hall, the applications can allow the people to exchange product information so as to facilitate the business. In order to describe an indoor area, extra efforts with short-range wireless technologies (such as WiFi and Bluetooth)  are needed. For example, a machine running a NAN application in an indoor area is used to regularly advertise the location of the indoor area (by coordinate) via WiFi, and whenever a mobile device joins the WiFi network, the NAN application running in the device can obtain the location information.
Besides tracking mobile devices, if a stationary device that does not equip with a location-related facility (e.g., a desktop computer) is allowed to join a NAN, the way of inputting the location of the device has to be considered.
NAN-enabled devices
To maximize the advantages provided by NAN applications, the mobile devices that are both location-enabled and Internet-enabled have to be ubiquitous. It is because if the people near a user do not have a NAN-enabled device, a near-me network cannot be formed for the user. Today, most 3G phones can access the Internet, and the 3G technologies have already been available in many countries. Though the market share of GPS-enabled phones is relatively small today, many vendors have already forecasted the potential business opportunities in the future. Based on a market research report [10], annual shipments of GPS enabled phones will grow strongly over the period 2008-2012, and by 2012, the phones will account for 37% of all shipments (about 535 million).
Implementation issues
To build a NAN application on a device, the software platform of the mobile device has to provide the corresponding application-programming interfaces for NAN applications to access the information from the device’s location facility such as the GPS receiver. Fortunately, the modern operating systems for mobile devices, such as Android and iPhone, typically provide a rich set of useful libraries for developers to use. However, those modern operating systems still have a small market share today.
On the other hand, a simple way to develop a NAN application is to install a server storing all the locations of the devices running the application. However, in this case, each NAN application requires the establishment of its own location server, and users using multiple NAN applications have to maintain their status with multiple location servers. To ease the application development, a central location server with open standard protocols for NAN applications to upload its device’s location and to access the locations of other devices will be of great help.
Privacy consideration
In a NAN, personal information (such as current location) can easily be disclosed. Therefore, NAN applications should provide users with privacy control. For example, different level detail of a location such as exact point, neighborhood, or city should be provided. Besides, users should be able to choose how much detail of personal information to disclose. The levels of detail can be: 1) anonymous (just used to show that a person is nearby), 2) a social ID (which can be used to identify a person), and 3) a social ID and personal description (which should be used for authorized people such as friends). On the other hand, if different NAN applications are allowed to exchange location information of their device (through peer to peer communications or through a commonly agreed central location server), trust models has to be built.







CONCLUSION
Considering the low costs for the GPS chip sets and the rapid development of mobile broadband technologies, it is anticipated that the mobile devices that are both location enabled and Internet-enabled will become widely prevalent in a near-to-mid-term future, which will positively boost the popularity of NAN applications.
On the other hand, we believe that there are still many exciting opportunities for the future design of NAN application as new modalities of location-enabled mobile devices (with a new kind of screen, location or communication functions) emerge in the future.
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