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Wireless technology analysis


This paper will briefly address wireless technologies for computer communications, with the main topic being the wireless technology in the cellular networks.


Wireless technologies for computer communications
When trying to identify the true founder of the wireless technology, some articles and researchers place its beginnings as long as 200 years ago
. It suffices to state that various discoveries (electricity, theories on the electromagnetic field, radio waves) brought their contribution to what is known as “wireless technology”.
For computer communications, IEEE defined standards for both wired (802.3) and wireless (802.11) communications. The IEEE 802.11 protocols are wireless standards that specify an “over-the-air” interface between a wireless client and a base station or access point, as well as among wireless clients
, on the 2.4 GHz frequency
 (b/g) or 5.8 GHz frequency (a), and with a range of about 100 meters
. 802.11 protocols (a, b, g, n
) are also knows as the Wireless Local Area Network technology (with the Wi-Fi
 protocol).
WiMAX is another IEEE standard (802.16) and is intended for wireless metropolitan area networks. The advantages that come with this wireless digital communications system are a wider range (up to 50 km) and fewer interference issues, due in a large part to the frequency used, 2-11 GHz, which is not the same as the other standards
 – thus, less interference is created.
Yet another IEEE standard, 802.15, targets the low-complexity and low-power consumption wireless connectivity for Bluetooth applications in WPAN
; one of its uses is in the added flexibility of voice transmission from mobile devices (cell phone, mouse etc.) to the end user. Because it uses the same frequency as the IEEE 802.11 standard, Bluetooth is more prone to interferences
.
Cellular telecommunications technology
In the world of cellular communications, different practices and network technologies are deployed by the vendors in the market, which makes it hard for any sort of consolidation, but easy for various offers from the players. 
The cellular networks are based on the connectionless communication between radio ports with antennas that connect to base stations (BSs), which in turn serve the mobile stations (MSs) – or the end user equipment. The uplink represents the communication from the MS to the BS and is a multiple-access technique; the reverse communication is the downlink
.
The digital technology implies sending pieces of the “wave” in bursts of data
, thus encoding the voice in bit streams. The infrastructure for the cellular networks include MSCs, or mobile switching centers, which control one or more BSs and provide the interface for them to the wired public switched telephone networks, a central home location register and the visiter location register for each MSC
.
There are two competing standards for wireless telecommunications. The first is CDMA (code-division multiple access), which evolved from the first analog cellular service offered. This technology is mainly used in the United States, with only very few exceptions. At a vendor level, Verizon Wireless and Sprint are based on CDMA. The second standard is GSM (global system mobile communications), which is spread worldwide and represents the first digital standard for voice and data services. For wireless carriers, AT&T and T-Mobile are mainly using the GSM standard, which allows them to offer worldwide services.
The table below shows the type of cellular data that is applicable to the different generations
:

	Generation
	CDMA data carrier
	CDMA Speed
	GSM data carrier
	GSM Speed

	1G
	Analog (Discontinued)
	19.2Kbps
	none
	N/A

	2G
	1xRTT

	128Kbps
	GPRS

	40Kbps

	2.5G
	1xRTT
	128Kbps
	EDGE

	160Kbps

	3G
	EvDO

	500-700Kbps
	UMTS (WCDMA)
	2,000Kbps


Source: (http://www.eaccess.com/understanding_wireless.htm)
The 3.5G
 refers to the technologies beyond the well defined 3G. Currently, HSDPA
 is considered the primary 3.5G technology, as it is an upgrade from WCDMA and provides high-speed broadband wireless access
.

The frequencies that the carriers use in the US are typically different than those used in other parts of the world
 (1900 MHz band in the US, 900 MHz for 1G GSM and 1800 MHz for 2G GSM, respectively, in Europe). This is the main reason why some cellular devices
 will work in some parts of the world but not in others (as it depends on the frequency that they are able to function with). There are three types
 of mobile devices offered, depending on the travel needs of the end user: dual, tri and quad band devices, where the names show the number of frequencies on which they are able to function; the dual and tri band devices are able to function on two frequencies (with combinations at different ends of the 850/900/1800/1900 spectrum), while the quad-bands cover all frequencies but are rare and much more expensive.
The same type of barrier applies to the way the number is related to a device: GSM devices typically use SIM
 cards, which are tied to the network, removable from the phone and can be swapped between devices without vendor intervention. In contrast, CDMA devices either use R-UIM cards (Korea and Japan) or require proprietary handsets
 in the United States. This makes upgrading or transferring of the device more difficult, with the vendor needed to support the process.

For the purposes of roaming, both the type of technology and the way the number is related to a device are main issues. Most GSM carriers have partnerships throughout the United States to provide
 seamless communication for their end users by easily transferring them to partner carriers in areas where the primary carrier does not have coverage, at no additional cost. In addition, this also allows international roaming – same technology, but at an additional price. It is much harder, if not impossible, on the other hand, for CDMA technology to offer roaming of any type.
4G
The next generation of wireless technologies, 4G, could help fixing the existing issue of fragmentation throughout the cellular networks. Currently, all the main vendors (AT&T, Verizon Wireless, T-Mobile and Sprint/Nextel) are at one stage or another of adopting 3G. This generation has been less than initially expected, though, due to high implementation costs and slow adoption; also, its initial deployment did not support all the services that the carriers wanted to provide to the end users. 4G is likely to be commercially deployed in the market in the 2012-2015 time scale
.
The 4G service will be based on the Internet Protocol (IP) and support mobile transmission rates of 100 Mbps and fixed rates of 1Gbps. While currently the subject of extensive research, 4G is expected to enable mobile high-definition TV and gaming, as well as teleconferencing
 – all currently unavailable. 
Given the fast changes in the mobile environment, end users are likely to enjoy being able to use their mobile devices for more purposes than today, while paying competitive prices for the service. The existence of competition among carriers will ensure the lower prices, while the adoption of the new technology will address the new services that are expected.
As far as costs go, these will incur mostly on the vendor side, as the competition will not allow for too much of the cost to be transferred to the end users. For each change between generations (from 1G to 2G, from 2G to 3G), the carriers had large infrastructure costs (to allow for the higher speeds of transfer through the network, as well as for the various data offerings). In addition, the handsets had to be changed to allow for the same features. It is expected to happen the same way for the switch from 3G to 4G.
The research for 4G started even before 3G was fully deployed, with the stated motivation that 3G still did not consolidate the various networks and standards used, which is making it hard to roam and interoperate across different networks. Thus, 4G is directed towards global mobility and service portability
. A research conducted by Siemens Mobile
 in 2002 appreciates that 4G will be fully digital, fully packet switched (as opposed to both packet and circuit switched for 3G, circuit switched for 2G respectively), all IP based and – very important – will have the user in control to select the applications and plans desired on his/her mobile device. It is also expected that 4G will allow for global coverage and global roaming, thus consolidating all the carriers under one kind of service offered (conceivably allowing differentiation through plans and features, but not service). From some of the proposed technology developments
, an even more comprehensive solution would allow 4G to easily communicate with current Wi-Fi and WiMAX technologies.
Brief conclusion
It appears that the switch from 2G to 3G was mainly done because of the rapid rate of technological improvement that was practically demanding an upgrade in the services offered. The benefits of the upgrade were higher speeds and better data performance, but the target had been higher than that when 3G was initially planned. In addition, 3G leaves the networks just as fragmented as 2G, with various types of technology which make roaming difficult (impossible for CDMA networks, difficult for GSM networks due to various frequencies). The planned 4G seems a major improvement, it remains to be seen if the technology will actually provide the desired effect of both higher and better data speeds, and also consolidation in terms of communication among different carriers and different regions of the world.
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