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At a glance

· 4G mobile phone technologies promise much improved mobile services, which could benefit collaborative applications and delivery of educational content.
· Key features of 4G technologies include all-IP networks, multiple-input and multiple-output (MIMO) antenna arrays and orthogonal frequency division multiplexing (OFDM).

· Evaluation for 'true' 4G status depends on conformance to the minimum requirements laid down by the ITU for IMT-Advanced.

· Two main technologies are competing, but it will be their upgraded versions -WiMAX 2.0 (or IEEE 802.16m) and LTE-Advanced (3GPP Release 10) - that will be submitted to the ITU.

· Mobile operators in developed nations are largely opting to deploy LTE, but WiMAX may be used for backhaul and technological similarities make multi-mode devices commercially feasible.

· Deployment of 4G should produce significant increases in data rates, but growth in demand for bandwidth-intensive services, such as mobile video, may reduce the benefit experienced by consumers.
Mobile grows up
Mobile phone technologies have been constantly evolving, from analogue to digital and from voice to data. Second generation (2G) devices were the first to offer the call quality and security of digital transmissions, largely based on GSM (the Global System for Mobile Communications) protocols. Despite being digital, GSM was focussed on voice transmission, so extensions like GPRS (general packet radio service) were added to deliver data.
In Europe, 3G is mainly delivered using UMTS (the Universal Mobile Telecommunications System), although other technologies, such as CDMA2000, have been widely deployed in parts of the US and Far East. UMTS was developed by companies involved in the 3rd Generation Partnership Project (3GPP), with a number of enhancements to improve data rates - most recently various HSPA (high speed packet access) technologies, which are often termed '3.5G'. Nevertheless, these technologies still use circuit switching behind the scenes for voice transmission, rather than coding voice information into separate packets that can be routed using the internet protocol (IP).
The latest mobile developments have been based around unifying voice and data transmissions in an 'all-IP' architecture, reducing complexity. This mirrors the rise of voice over IP (VoIP) services, typified by Skype, which treat voice calls like any other data. (See TechNews 03/09.)

Fourth generation (4G) services will be all-IP, with peak data rates (under ideal conditions) well in excess of 100Mbps. As outlined in the 'Road to mobile broadband' article in TechNews 01/07, there are two contenders for the 4G 'crown', WiMAX and LTE (Long Term Evolution). A third technology - Ultra Mobile Broadband - was abandoned when its main backer withdrew at the end of 2008.
Mobile data consumption is increasing rapidly, with video and mobile television services gaining in popularity alongside mobile browsing. ABI Research recently estimated that global mobile broadband subscriptions were increasing by 43 per cent annually, while Cisco said that mobile data consumption would more than double each year to 2014. (See TechNews 02/10.)
Many mobile devices are already equipped with fast wireless data connections, using Wi-Fi and 3.5G services, enabling learners to access content, collaborate and upload data from virtually any location. Young people are familiar with these tools and many would want to use them in the classroom, as well as at home. The advent of 4G will open new opportunities but may also add to the pressure on data networks at all levels.
Defining 4G
Both WiMAX and LTE are really '3.9G' technologies, as they do not meet the ITU's minimum requirements for candidate 4G architectures. The International Telecommunication Union 'is the leading United Nations agency for information and communication technology issues', which defines, among other roles, international usage of the radio spectrum. In order for companies to bid for spectrum in different regions, 3G technologies had conform to the ITU's IMT-2000 standard (or 'recommendation') ; likewise, to be recognised as 4G, technologies will have to pass evaluation for IMT-Advanced. Requirements for IMT-Advanced include:
· Compatibility of services across mobile and fixed platforms
· Capability to internetwork with other radio access systems

· Ability for devices to roam globally

· Ability to meet target data rates.

Both WiMAX and LTE are inadequate under the last of these, as they cannot deliver a peak data rate of 100Mbps for a fast moving mobile station (such as a car) or 1Gbps for a more or less stationary device, such as a laptop on a desk. Other requirements relate to use of the wireless spectrum; scalable bandwidth (using single channels of up to 40MHz, plus combining channels for greater throughput); latency (delay); handover; and VoIP capacity. Successor technologies are in development to meet these specifications, but it must be borne in mind that the user experience will be affected by:
· The degree of mobility of the receiving equipment
· The antenna array selected for both the base station and the device

· The degree of contention (competition for bandwidth) at a particular time

· The distance of the receiving device from the base station

· The designed size of the cell around the base station

· The type of application being used and the quality of service (QoS) required

· The local terrain, weather and other variables.

One of the key features of 4G technologies is that they use MIMO, which allows spatial multiplexing - parts of the transmission propagate along different paths before being recombined at the device to yield improved throughput. The precise MIMO (multiple-input and multiple-output) configuration will affect signal strength and reception: a 4x2 array - four transmission and two reception antennae - may be common at base stations, while a 2x1 array could become standard in devices. However, cost and physical space considerations are likely to limit the number of antennae in smaller mobile devices. MIMO also permits beamforming -concentrating signal along a given path - by exploiting constructive interference between signal transmissions from the antenna array.
MIMO and OFDM are used in other mobile and fixed radio technologies, including 802.11n Wi-Fi. (OFDM - orthogonal frequency-division multiplexing - is a technique for efficiently combining several transmissions on the same bearer signal)
WiMAX 2.0
The first 4G contender is WiMAX, or 'worldwide interoperability for microwave access' technology. This is the commercial name for a family of wireless broadband standards, the mobile version of which was ratified in 2005 as IEEE's 802.16e (which has since been 'rolled up' into 802.16-2009) and referred to in official documentation as WirelessMAN. The upgraded WiMAX 2.0 standard will be 802.16m, assuming that it is ratified, as expected, later this year. The technology's official industry body, the WiMAX Forum, says that it is submitting the 802.16m draft to ITU for validation under IMT-Advanced and that Wimax 2.0 is on target to see devices launched towards the end of 2011.
The WiMAX Forum says that 802.16m will be able to achieve peak aggregate downloads to multiple users at 120Mbps and simultaneous uploads at half that rate. These figures assume an urban microcell with a 4x2 transmitter array and a single 20MHz TDD channel. (The channel width and use of TDD multiplexing both directly affect data throughput.) The updated specification will support legacy WiMAX equipment and will be able to coexist with other technologies licensed to use the same radio spectrum. 
A group of commercial partners, including Intel, Motorola and Samsung, are reported to have come together to form the WiMAX 2 Collaboration Initiative (WCI) to promote the technology. Intel is said to have conducted tests yielding 170Mbps for downloads and 90Mbps for uploads, although precise configuration details were not given. (See TechNews 04/10.)
LTE-Advanced
The specification for LTE, otherwise known as Release 8, was 'frozen' by 3GPP late in 2008. Although minor updates are permitted, this essentially means that LTE was standardised at that point. It is intended as an 'evolutionary' path from existing 3G and HSPA technologies, requiring hardware upgrades as necessary, but otherwise implemented in software. LTE-Advanced (or Release 10), designed as an IMT-Advanced candidate, is the next step on that pathway. The 3GPP working group intends LTE-Advanced to be functionally complete by the end of this year, although modifications may still be made to the detailed technical specifications into 2011.
Design goals for LTE-Advanced include peak data rates of 1Gbps in a (minimum) 70MHz channel using a 4x4 antenna array. However, finding such bandwidth will rely on channel aggregation, which may be limited in the 'real world' by operators' spectrum holdings. In terms of data rates per hertz in a given cell (which is the key evaluation metric used), 3GPP has set targets that exceed the ITU's requirements. For example, 2.2bps/Hz is the minimum for a 4x2 array for an urban cell, whereas LTE-Advanced is being designed to attain at least 2.6bps/Hz. These speeds will fall considerably at the cell edge, but the use of MIMO will enable devices to pick up signals from neighbouring base stations to boost data rates.
Huawei, a mobile equipment manufacturer, recently claimed to have achieved 600Mbps data rates using LTE-Advanced equipment, although no setup details were provided. TechNews has reported on a number of LTE-Advanced developments, including a European research initiative (09/09) and moves towards unified voice protocol standards (11/09).
One winner?
Analysts have been keen to contrast the two 4G technologies in order to predict a 'winner'. WiMAX, through earlier standardisation, has picked up more deployments to date (see this ABI Research report), but LTE is proving to be the future choice of many carriers in developed nations. Alcatel Lucent, a manufacturer with interests in both technologies, was recently reported to be concentrating on LTE, while another member of the WiMAX forum said that widespread deployment of WiMAX in the UK was unlikely. Carriers deploying LTE may still see advantages in using WiMAX for some network functions, such as backhaul from base stations to the core network. (See GoingWiMAX.)
The situation in developing nations is different, as mobile spectrum has not been as tightly constrained and infrastructure development more limited. This gives WiMAX more of an advantage, as it is considered to be less expensive to roll out from scratch.

WiMAX and LTE are broadly related, using similar approaches (such as MIMO and ODFM) to develop true 4G technologies, making it simpler to produce multi-mode devices. WiMAX 2.0 hardware is likely to be on the market before LTE-Advanced is fully standardised, but many devices will be data cards and dongles rather than phones. In order to deliver on the promises of 4G, operators will need to make considerable investments in backhaul and core networks, as well as in base station upgrades.
The 3.9G flavours of both technologies will work on true 4G networks, but it remains to be seen whether many users will see sufficient benefit in upgrading once again. On the other hand, 4G deployment may release pent-up demand for video and mobile television services, leading to a situation familiar to drivers on the M25: each upgrade in capacity only brings more traffic, rather than providing relief on already congested networks.
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