SeminarReport                                                         4G Technology in Telecommunication


1.Introduction
4G (also known as Beyond 3G), an abbreviation for Fourth-Generation, is a term used to describe the next complete evolution in wireless communications. A 4G system will be able to provide a comprehensive IP solution where voice, data and streamed multimedia can be given to users on an “Anytime, Anywhere” basis, and at higher data rates than previous generations.
As the second generation was a total replacement of the first generation networks and handsets; and the third generation was a total replacement of second generation networks and handsets; so too the fourth generation cannot be an incremental evolution of current 3G technologies, but rather the total replacement of the current 3G networks and handsets. The international telecommunications regulatory and standardization bodies are working for commercial deployment of 4G networks roughly in the 2012-2015 time scale. At that point it is predicted that even with current evolutions of third generation 3G networks, these will tend to be congested.

There is no formal definition for what 4G is; however, there are certain objectives that are projected for 4G. These objectives include: that 4G will be a fully IP-based integrated system. 4G will be capable of providing between 100 Mbit/s and 1 Gbit/s speeds both indoors and outdoors, with premium quality and high security. 
Many companies have taken self-serving definitions and distortions about 4G to suggest they have 4G already in existence today, such as several early trials and launches of WiMAX. Other companies have made prototype systems calling those 4G. While it ispossible that some currently demonstrated technologies may become part of 4G, until the 4G standard or standards have been defined, it is impossible for any company currently to provide with any certainty wireless solutions that could be called 4G cellular networks that would conform to the eventual international standards for 4G. These confusing statements around “existing” 4G have served to confuse investors and analysts about the wireless industry.

According to the 4G working groups, the infrastructure and the terminals of 4G will have almost all the standards from 2G to 4G implemented. Although legacy systems are in place to adopt existing users, the infrastructure for 4G will be only packet-based (all-IP). Some proposals suggest having an open platform where the new innovations and evolutions can fit. The technologies which are being considered as pre-4G are the following: Flash-OFDM, WiMax, WiBro, iBurst, and 3GPP Long Term Evolution. One of the first technology really fulfilling the 4G requirements as set by the ITU-R will be LTE Advanced as currently standardized by 3GPP. LTE Advanced will be an evolution of the 3GPP Long Term Evolution. Higher data rates are for instance achieved by the aggregation of multiple LTE carriers that are currently limited to 20MHz bandwidth

2.Previous Technologies:

2.1 1G technology
''1G''' (or 1-G) refers to the first-generation of [[wireless]] [[telephone]] [[technology]], [[mobile computing|mobile]] [[telecommunications]]. These are the '''[[analog signal|analog]]''' telecommunications standards that were introduced in the 1980s and continued until being replaced by [[2G]] '''[[digital signal|digital]]''' telecommunications. The main difference between two succeeding mobile telephone systems, 1G and [[2G]], is that the radio signals that 1G networks use are analog, while 2G networks are digital. 

Although both systems use digital signaling to connect the radio towers (which listen to the handsets) to the rest of the telephone system, the voice itself during a call is encoded to digital signals in 2G whereas 1G is only modulated to higher frequency, typically 150&nbsp;MHz and up.

One such standard is [[Nordic Mobile Telephone|NMT]] (Nordic Mobile Telephone), used in [[Nordic countries]], [[Switzerland]], [[Netherlands]], [[Eastern Europe]] and [[Russia]]. Others include [[Advanced Mobile Phone System|AMPS]] (Advanced Mobile Phone System) used in the [[United States]] and [[Australia]]<ref>[http://www.amta.org.au/default.asp?Page=142 AMTA]</ref>, [[TACS]] (Total Access Communications System) in the [[United Kingdom]], [[C-Netz|C-450]] in [[West Germany]], [[Portugal]] and [[South Africa]], [[Radiocom 2000]]<ref>[[:fr:Radiocom 2000|Radiocom 2000 in french Wikipedia.]]</ref> in [[France]], and [[RTMI]] in [[Italy]]. In Japan there were multiple systems. Three standards, TZ-801, TZ-802, and TZ-803 were developed by NTT, while a competing system operated by DDI used the JTACS (Japan Total Access Communications System) standard.

Support VoIP applications: Voice, which has been the raison d’être of cel​lular and wireless communications since the beginning of the industry, is also undergoing a transformation. With 4G, voice transmission will, for the first time, be carried over the same infrastructure as all other traffic. No longer will separate parallel circuit-switched 

and packet-switched networks be required for voice and data. Instead, all traffic will be car​ried on a single all-IP wireless network. Even more, 4G air interfaces, such as LTE or UMB, can deliver VoIP capacity that is three times greater than that of 3G interfaces. To reach these capacity levels, however, and to meet and even exceed the quality and reliability that users have come to expect in the 2G and 3G worlds, several difficult technical challenges need to be met to accommo​date the different traffic behaviors and to deliver real-time voice and video. Here, innovations are required in the area of digital signal processing and scheduling algorithms.
2.2 2G Technology 
2G (or 2-G) is short for second-generation wireless telephone technology. Second generation 2G cellular telecom networks were commercially launched on the GSM standard in Finland by Radiolinja[1] (now part of Elisa Oyj) in 1991. Three primary benefits of 2G networks over their predecessors were that phone conversations were digitally encrypted, 2G systems were significantly more efficient on the spectrum allowing for far greater mobile phone penetration levels; and 2G introduced data services for mobile, starting with SMS text messages.

After 2G was launched, the previous mobile telephone systems were retrospectively dubbed 1G. While radio signals on 1G networks are analog, and on 2G networks are digital, both systems use digital signaling to connect the radio towers (which listen to the handsets) to the rest of the telephone system.
2G technologies
2G technologies can be divided into TDMA-based and CDMA-based standards depending on the type of multiplexing used. The main 2G standards are:

· GSM (TDMA-based), originally from Europe but used in almost all countries on all six inhabited continents (Time Division Multiple Access). Today accounts for over 80% of all subscribers around the world. Over 60 GSM operators are also using CDMA2000 in the 450 MHZ frequency band (CDMA450).[2] 

· IS-95 aka cdmaOne (CDMA-based, commonly referred as simply CDMA in the US), used in the Americas and parts of Asia. Today accounts for about 17% of all subscribers globally. Over a dozen CDMA operators have migrated to GSM including operators in Mexico, India, Australia and South Korea. 

· PDC (TDMA-based), used exclusively in Japan 

· iDEN (TDMA-based), proprietary network used by Nextel in the United States and Telus Mobility in Canada 

· IS-136 aka D-AMPS (TDMA-based, commonly referred as simply TDMA in the US), was once prevalent in the Americas but most have migrated to GSM. 

2G services are frequently referred as Personal Communications Service, or PCS, in the United States.

2.5G services enable high-speed data transfer over upgraded existing 2G networks. Beyond 2G, there's 3G, with higher data speeds, and even evolutions beyond 3G, such as 4G.

Capacities, advantages, and disadvantages
Capacity
Using digital signals between the handsets and the towers increases system capacity in two key ways:

· Digital voice data can be compressed and multiplexed much more effectively than analog voice encodings through the use of various codecs, allowing more calls to be packed into the same amount of radio bandwidth. 

· The digital systems were designed to emit less radio power from the handsets. This meant that cells could be smaller, so more cells could be placed in the same amount of space. This was also made possible by cell towers and related equipment getting less expensive. 

Advantages
Digital systems were embraced by consumers for several reasons.

· The lower powered radio signals require less battery power, so phones last much longer between charges, and batteries can be smaller. 

· The digital voice encoding allowed digital error checking which could increase sound quality by increasing dynamic range and lowering the noise floor. 

· The lower power emissions helped address health concerns. 

· Going all-digital allowed for the introduction of digital data services, such as SMS and email. 

· Greatly reduced fraud. With analog systems it was possible to have two or more "cloned" handsets that had the same phone number. 

· Enhanced privacy. A key digital advantage not often mentioned is that digital cellular calls are much harder to eavesdrop on by use of radio scanners. While the security algorithms used have proved not to be as secure as initially advertised, 2G phones are immensely more private than 1G phones, which have no protection against eavesdropping. 

Disadvantages
The downsides of 2G systems, not often well publicized, are:
· In less populous areas, the weaker digital signal may not be sufficient to reach a cell tower. This tends to be a particular problem on 2G systems deployed on higher frequencies, but is mostly not a problem on 2G systems deployed on lower frequencies. National regulations differ greatly among countries which dictate where 2G can be deployed. 

· Analog has a smooth decay curve, digital a jagged steppy one. This can be both an advantage and a disadvantage. Under good conditions, digital will sound better. Under slightly worse conditions, analog will experience static, while digital has occasional dropouts. As conditions worsen, though, digital will start to completely fail, by dropping calls or being unintelligible, while analog slowly gets worse, generally holding a call longer and allowing at least a few words to get through. 

· While digital calls tend to be free of static and background noise, the lossy compression used by the codecs takes a toll; the range of sound that they convey is reduced. You'll hear less of the tonality of someone's voice talking on a digital cellphone, but you will hear it more clearly. 

Evolution
2G networks were built mainly for voice services and slow data transmission.

Some protocols, such as EDGE for GSM and 1x-RTT for CDMA2000, are defined as "3G" services (because they are defined in IMT-2000 specification documents), but are considered by the general public to be 2.5G services (or 2.75G which sounds even more sophisticated) because they are several times slower than present-day 3G services.
2.5G
2.5G is a stepping stone between 2G and 3G cellular wireless technologies. The term "second and a half generation" is used to describe 2G-systems that have implemented a packet switched domain in addition to the circuit switched domain. It does not necessarily provide faster services because bundling of timeslots is used for circuit switched data services (HSCSD) as well.

The first major step in the evolution of GSM networks to 3G occurred with the introduction of General Packet Radio Service (GPRS). CDMA2000 networks similarly evolved through the introduction of 1xRTT. So the cellular services combined with enhanced data transmission capabilities became known as '2.5G.'
GPRS could provide data rates from 56 kbit/s up to 114 kbit/s. It can be used for services such as Wireless Application Protocol (WAP) access, Multimedia Messaging Service (MMS), and for Internet communication services such as email and World Wide Web access. GPRS data transfer is typically charged per megabyte of traffic transferred, while data communication via traditional circuit switching is billed per minute of connection time, independent of whether the user actually is utilizing the capacity or is in an idle state.

1xRTT supports bi-directional (up and downlink) peak data rates up to 153.6 kbps, delivering an average user data throughput of 80-100 kbps in commercial networks[3]. It can also be used for WAP, SMS & MMS services, as well as Internet access.

2.75G (EDGE)
GPRS networks evolved to EDGE networks with the introduction of 8PSK encoding. Enhanced Data rates for GSM Evolution (EDGE), Enhanced GPRS (EGPRS), or IMT Single Carrier (IMT-SC) is a backward-compatible digital mobile phone technology that allows improved data transmission rates, as an extension on top of standard GSM. EDGE was deployed on GSM networks beginning in 2003—initially by Cingular (now AT&T) in the United States.

EDGE is standardized by 3GPP as part of the GSM family, and it is an upgrade that provides a potential three-fold increase in capacity of GSM/GPRS networks. The specification achieves higher data-rates (up to 236.8 kbit/s) by switching to more sophisticated methods of coding (8PSK), within existing GSM timeslots
2.3   3G Technology
International Mobile Telecommunications-2000 (IMT-2000)', better known as 3G or 3rd Generation, is a family of standards for mobile telecommunications defined by the International Telecommunication Union,[1] which includes GSM EDGE, UMTS, and CDMA2000 as well as DECT and WiMAX. Services include wide-area wireless voice telephone, video calls, and wireless data, all in a mobile environment. Compared to 2G and 2.5G services, 3G allows simultaneous use of speech and data services and higher data rates (up to 14.0 Mbit/s on the downlink and 5.8 Mbit/s on the uplink with HSPA+). Thus, 3G networks enable network operators to offer users a wider range of more advanced services while achieving greater network capacity through improved spectral efficiency.

Overview:
In 1999, ITU approved five radio interfaces for IMT-2000 as a part of the ITU-R M.1457 Recommendation; WiMAX was added in 2007.[2]
There are evolutionary standards that are backwards-compatible extensions to pre-existing 2G networks as well as revolutionary standards that require all-new networks and frequency allocations.[3] The later group is the UMTS family, which consists of standards developed for IMT-2000, as well as the independently-developed standards DECT and WiMAX, which were included because they fit the IMT-2000 definition.
	Overview of 3G/IMT-2000 standards[4]

	ITU IMT-2000
	common name(s)
	bandwidth of data
	pre-4G
	duplex
	channel
	description
	geographical areas

	TDMA Single‑Carrier (IMT‑SC)
	EDGE (UWT-136)
	EDGE Evolution
	none
	FDD
	TDMA
	evolutionary upgrade toGSM/GPRS[nb 1]
	worldwide, except Japan and South Korea

	CDMA Multi‑Carrier (IMT‑MC)
	CDMA2000
	EV-DO
	UMB[nb 2]
	
	CDMA
	evolutionary upgrade to cdmaOne(IS-95)
	Americas, Asia, some others

	CDMA Direct Spread (IMT‑DS)
	UMTS[nb 3]
	W-CDMA[nb 4]
	HSPA
	LTE
	
	
	family of revolutionary standards.
	worldwide

	CDMA TDD (IMT‑TC)
	
	TD‑CDMA[nb 5]
	
	
	TDD
	
	
	Europe

	
	
	TD‑SCDMA[nb 6]
	
	
	
	
	
	China

	FDMA/TDMA (IMT‑FT)
	DECT
	None
	
	FDMA/TDMA
	short-range; standard for cordless phones
	Europe, USA

	IP‑OFDMA
	
	WiMAX (IEEE 802.16)
	
	OFDMA
	late addition
	worldwide


1. ^ Can also be used as an upgrade to PDC or D-AMPS.

2. ^ development halted in favour of LTE.[5]
3. ^ also known as FOMA[6]; UMTS is the common name for a standard that encompasses multiple air interfaces.

4. ^ also known as UTRA-FDD; W-CDMA is sometimes used as a synonym for UMTS, ignoring the other air interface options.[6]
5. ^ also known as UTRA-TDD 3.84 Mcps high chip rate (HCR)

6. ^ also known as UTRA-TDD 1.28 Mcps low chip rate (LCR)

While EDGE is part of the 3G standard, most GSM/UMTS phones report EDGE (“2.75G”) and UMTS (“3G”) network availability as separate functionality.
Main Features:
Data Rates

ITU has not provided a clear definition of the data rate users can expect from 3G equipment or providers. Thus users sold 3G service may not be able to point to a standard and say that the rates it specifies are not being met. While stating in commentary that "it is expected that IMT-2000 will provide higher transmission rates: a minimum data rate of 2 Mbit/s for stationary or walking users, and 348 kbit/s in a moving vehicle,"[13] the ITU does not actually clearly specify minimum or average rates or what modes of the interfaces qualify as 3G, so various rates are sold as 3G intended to meet customers expectations of broadband data.

Security
3G networks offer a greater degree of security than 2G predecessors. By allowing the UE (User Equipment) to authenticate the network it is attaching to, the user can be sure the network is the intended one and not an impersonator. 3G networks use the KASUMI block crypto instead of the older A5/1 stream cipher. However, a number of serious weaknesses in the KASUMI cipher have been identified [14].

In addition to the 3G network infrastructure security, end-to-end security is offered when application frameworks such as IMS are accessed, although this is not strictly a 3G property. 
Applications:

The bandwidth and location information available to 3G devices gives rise to applications not previously available to mobile phone users. Some of the applications are:
 Mobile TV - a provider redirects a TV channel directly to the subscriber's phone where it can be watched.
· Video on demand - a provider sends a movie to the subscriber's phone.

· Video conferencing - subscribers can see as well as talk to each other.

· Tele-medicine - a medical provider monitors or provides advice to the potentially isolated subscriber.

· Location-based services - a provider sends localized weather or traffic conditions to the phone, or the phone allows the subscriber to find nearby businesses or friends.
Evolution from 2G:
2G networks were built mainly for voice services and slow data transmission.Some protocols, such as EDGE for GSM and 1x-RTT for CDMA2000, are defined as "3G" services (because they are defined in IMT-2000 specification documents), but are considered by the general public to be 2.5G services (or 2.75G which sounds even more sophisticated) because they are several times slower than present-day 3G services.

From 2G to 2.5G:
2.5G is a stepping stone between 2G and 3G cellular wireless technologies. The term "second and a half generation" is used to describe 2G-systems that have implemented a packet switched domain in addition to the circuit switched domain. It does not necessarily provide faster services because bundling of timeslots is used for circuit switched data services (HSCSD) as well.

The first major step in the evolution of GSM networks to 3G occurred with the introduction of General Packet Radio Service (GPRS). CDMA2000 networks similarly evolved through the introduction of 1xRTT. So the cellular services combined with enhanced data transmission capabilities became known as '2.5G.'
GPRS could provide data rates from 56 kbit/s up to 114 kbit/s. It can be used for services such as Wireless Application Protocol (WAP) access, Multimedia Messaging Service (MMS), and for Internet communication services such as email and World Wide Web access. GPRS data transfer is typically charged per megabyte of traffic transferred, while data communication via traditional circuit switching is billed per minute of connection time, independent of whether the user actually is utilizing the capacity or is in an idle state.

1xRTT supports bi-directional (up and downlink) peak data rates up to 153.6 kbps, delivering an average user data throughput of 80-100 kbps in commercial networks]. It can also be used for WAP, SMS & MMS services, as well as Internet access.

From 2.5G to 2.75G (EDGE)
GPRS networks evolved to EDGE networks with the introduction of 8PSK encoding. Enhanced Data rates for GSM Evolution (EDGE), Enhanced GPRS (EGPRS), or IMT Single Carrier (IMT-SC) is a backward-compatible digital mobile phone technology that allows improved data transmission rates, as an extension on top of standard GSM. EDGE was deployed on GSM networks beginning in 2003—initially by Cingular (now AT&T) in the United States.

EDGE is standardized by 3GPP as part of the GSM family, and it is an upgrade that provides a potential three-fold increase in capacity of GSM/GPRS networks. The specification achieves higher data-rates (up to 236.8 kbit/s) by switching to more sophisticated methods of coding (8PSK), within existing GSM timeslots.
Evolution towards 4G
Both 3GPP and 3GPP2 are currently working on further extensions to 3G standards, named Long Term Evolution and Ultra Mobile Broadband, respectively. Being based on an all-IP network infrastructure and using advanced wireless technologies such as MIMO, these specifications already display features characteristic for IMT-Advanced (4G), the successor of 3G. However, falling short of the bandwidth requirements for 4G (which is 1 Gbit/s for stationary and 100 Mbit/s for mobile operation), these standards are classified as 3.9G or Pre-4G.

3GPP plans to meet the 4G goals with LTE Advanced, whereas Qualcomm has halted development of UMB in favour of the LTE family.

                                      3.Evolution towards 4G

Both 3GPP and 3GPP2 are currently working on further extensions to 3G standards, named Long Term Evolution and Ultra Mobile Broadband, respectively. Being based on an all-IP network infrastructure and using advanced wireless technologies such as MIMO, these specifications already display features characteristic for IMT-Advanced (4G), the successor of 3G. However, falling short of the bandwidth requirements for 4G (which is 1 Gbit/s for stationary and 100 Mbit/s for mobile operation), these standards are classified as 3.9G or Pre-4G.

3GPP plans to meet the 4G goals with LTE Advanced, whereas Qualcomm has halted development of UMB in favour of the LTE family.
On 14 December 2009, Telia Sonera announced in an official press release that "We are very proud to be the first operator in the world to offer our customers 4G services."[16] With the launch of their LTE network, initially they are offering pre-4G (or beyond 3G) services in Stockholm, Sweden and Oslo, Norway.

4.Architecture of 4G Technology :

4G refers to the fourth generation of cellular wireless standards. It is a successor to 3G and 2G standards. The nomenclature of the generations generally refers to a change in the fundamental nature of the service. The first was the move from analogue to digital (2G), which was followed by multi-media support (3G) and now 4G, which refers to all IP packet switched networks and increases in data speeds.
A 4G system is expected to provide a comprehensive and secure all-IP based solution where facilities such as IP telephony, ultra-broadband Internet access, gaming services and streamed multimedia may be provided to users.

The remainder of this article uses 4G to refer to IMT Advanced (International Mobile Telecommunications Advanced), as defined by ITU-R.

An IMT Advanced cellular system must have target peak data rates of up to approximately 100 Mbit/s for high mobility such as mobile access and up to approximately 1 Gbit/s for low mobility such as nomadic/local wireless access, according to the ITU requirements. Scalable bandwidths up to at least 40 MHz should be provided. 

The pre-4G technology 3GPP Long Term Evolution (LTE) is often branded "4G", but the first LTE release does not fully comply with the IMT-Advanced requirements. LTE has a theoretical net bitrate capacity of up to 100 Mbit/s in the downlink and 50 Mbit/s in the uplink if a 20 MHz channel is used - and more if Multiple-input multiple-output (MIMO), i.e. antenna arrays, are used. Most major mobile carriers in the United States and several worldwide carriers have announced plans to convert their networks to LTE beginning in 2009. The world's first publicly available LTE-service was opened in the two Scandinavian capitals Stockholm and Oslo on the 14 December 2009, and branded 4G. The physical radio interface was at an early stage named High Speed OFDM Packet Access (HSOPA), now named Evolved UMTS Terrestrial Radio Access (E-UTRA).

LTE Advanced (Long-term-evolution Advanced) is a candidate for IMT-Advanced standard, formally submitted by the 3GPP organization to ITU-T in the fall 2009, and expected to be released in 2011. The target of 3GPP LTE Advanced is to reach and surpass the ITU requirements. LTE Advanced should be compatible with first release LTE equipment, and should share frequency bands with first release LTE. The Mobile WiMAX (IEEE 802.16e-2005) mobile wireless broadband access (MWBA) standard is sometimes branded 4G, and offers peak data rates of 128 Mbit/s downlink and 56 Mbit/s uplink over 20 MHz wide channels. The IEEE 802.16m evolution of 802.16e is under development, with the objective to fulfill the IMT-Advanced criteria of 1000 Mbit/s for stationary reception and 100 Mbit/s for mobile reception. UMB (Ultra Mobile Broadband) was the brand name for a discontinued 4G project within the 3GPP2 standardization group to improve the CDMA2000 mobile phone standard for next generation applications and requirements. In November 2008, Qualcomm, UMB's lead sponsor, announced it was ending development of the technology, favouring LTE instead. The objective was to achieve data speeds over 275 Mbit/s downstream and over 75 Mbit/s upstream.

In all these suggestions for 4G, the CDMA spread spectrum radio technology used in 3G systems and IS-95 is abandoned and replaced by frequency-domain equalization schemes, for example multi-carrier transmission such as OFDMA. This is combined with MIMO (i.e. multiple antennas(Multiple In Multiple Out)), dynamic channel allocation 

and channel-dependent scheduling
Objective and approach:

Objectives
4G is being developed to accommodate the QoS and rate requirements set by further development of existing 3G applications like wireless broadband access, Multimedia Messaging Service (MMS), video chat, mobile TV, but also new services like HDTV content, minimal services like voice and data, and other services that utilize bandwidth. It may be allowed roaming with wireless local area networks, and be combined with digital video broadcasting systems.

The 4G working group[clarification needed] has defined the following as objectives of the 4G wireless communication standard:

· Flexible channel bandwidth, between 5 and 20 MHz, optionally up to 40 MHz. 

· A nominal data rate of 100 Mbit/s while the client physically moves at high speeds relative to the station, and 1 Gbit/s while client and station are in relatively fixed positions as defined by the ITU-R, A data rate of at least 100 Mbit/s between any two points in the world,
· Peak link spectral efficiency of 15 bit/s/Hz in the downlink, and 6.75 bit/s/Hz in the uplink (meaning that 1000 Mbit/s in the downlink should be possible over less than 67 MHz bandwidth) 

· System spectral efficiency of up to 3 bit/s/Hz/cell in the downlink and 2.25 bit/s/Hz/cell for indoor usage. Smooth handoff across heterogeneous networks
· Seamless connectivity and global roaming across multiple networks, High quality of service for next generation multimedia support (real time audio, high speed data, HDTV video content, mobile TV, etc)
·  Interoperability with existing wireless standards and 
· An all IP, packet switched network.

·  Approaches
 Consideration points
· Coverage, radio environment, spectrum, services, business models and deployment types, users. 

Principal technologies
· Physical layer transmission techniques 

· No CDMA. 

· MIMO: To attain ultra high spectral efficiency by means of spatial processing including multi-antenna and multi-user MIMO 

· Frequency-domain-equalization, for example Multi-carrier modulation (OFDM) or single-carrier frequency-domain-equalization (SC-FDE) in the downlink: To exploit the frequency selective channel property without complex equalization. 

· Frequency-domain statistical multiplexing, for example (OFDMA) or (Single-carrier FDMA) (SC-FDMA, a.k.a. Linearly precoded OFDMA, LP-OFDMA) in the uplink: Variable bit rate by assigning different sub-channels to different users based on the channel conditions 

· Turbo principle error-correcting codes: To minimize the required SNR at the reception side 

· Channel-dependent scheduling: To utilize the time-varying channel. 

· Link adaptation: Adaptive modulation and error-correcting codes 

· Relaying, including fixed relay networks (FRNs), and the cooperative relaying concept, known as multi-mode protoco
5.Main Features of 4G Technology:
According to the members of the 4G working group, the infrastructure and the terminals of 4G will have almost all the standards from 2G to 4G implemented. Although legacy systems are in place to adopt existing users, the infrastructure for 4G will be only packet-based (all-IP). Some proposals suggest having an open Internet platform. Technologies considered to be early 4G include: Flash-OFDM, the 802.16e mobile version of WiMax (also known as WiBro in South Korea), and HC-SDMA (see iBurst).

5.1 Access schemes
As the wireless standards evolved, the access techniques used also exhibited increase in efficiency, capacity and scalability. The first generation wireless standards used plain TDMA and FDMA. In the wireless channels, TDMA proved to be less efficient in handling the high data rate channels as it requires large guard periods to alleviate the multipath impact. Similarly, FDMA consumed more bandwidth for guard to avoid inter carrier interference. So in second generation systems, one set of standard used the combination of FDMA and TDMA and the other set introduced an access scheme called CDMA. Usage of CDMA increased the system capacity, but as a drawback placed a soft limit on it rather than the hard limit (i.e. a CDMA network will not reject new clients when it approaches its limits, resulting in a denial of service to all clients when the network overloads). Data rate is also increased as this access scheme (providing the network is not reaching its capacity) is efficient enough to handle the multipath channel. This enabled the third generation systems, such as IS-2000, UMTS, HSXPA, 1xEV-DO, TD-CDMA and TD-SCDMA, to use CDMA as the access scheme. However, the issue with CDMA is that it suffers from poor spectral flexibility and computationally intensive time-domain equalization (high number of multiplications per second) for wideband channels.

Recently, new access schemes like Orthogonal FDMA (OFDMA), Single Carrier FDMA (SC-FDMA), Interleaved FDMA and Multi-carrier CDMA (MC-CDMA) are gaining more importance for the next generation systems. These are based on efficient FFT algorithm and frequency domain equalization, resulting lower number of multiplications per second. They also make it possible to control the bandwidth and form the spectrum in a flexible way. However, they require advanced dynamic channel allocation and traffic adaptive scheduling.

WiMax is using OFDMA in the downlink and in the uplink. For the next generation UMTS, OFDMA is used for the downlink. By contrast, IFDMA is being considered for the uplink since OFDMA contributes more to the PAPR related issues and results in nonlinear operation of amplifiers. IFDMA provides less power fluctuation and thus avoids amplifier issues. Similarly, MC-CDMA is in the proposal for the IEEE 802.20 standard. These access schemes offer the same efficiencies as older technologies like CDMA. Apart from this, scalability and higher data rates can be achieved.

The other important advantage of the above mentioned access techniques is that they require less complexity for equalization at the receiver. This is an added advantage especially in the MIMO environments since the spatial multiplexing transmission of MIMO systems inherently requires high complexity equalization at the receiver.

In addition to improvements in these multiplexing systems, improved modulation techniques are being used. Whereas earlier standards largely used Phase-shift keying, more efficient systems such as 64QAM are being proposed for use with the 3GPP Long Term Evolution standards.
5.2 IPv6 support
Main articles: Network layer, Internet protocol, and IPv6
Unlike 3G, which is based on two parallel infrastructures consisting of circuit switched and packet switched network nodes respectively, 4G will be based on packet switching only. This will require low-latency data transmission.

By the time that 4G is deployed, the process of IPv4 address exhaustion is expected to be in its final stages. Therefore, in the context of 4G, IPv6 support is essential in order to support a large number of wireless-enabled devices. By increasing the number of IP addresses, IPv6 removes the need for Network Address Translation (NAT), a method of sharing a limited number of addresses among a larger group of devices, although NAT will still be required to communicate with devices that are on existing IPv4 networks.

As of June 2009, Verizon has posted specifications that require any 4G devices on its network to support IPv6. 
5.3 Advanced Antenna Systems:
Main articles: MIMO and MU-MIMO
The performance of radio communications depends on an antenna system, refer to smart or intelligent antenna. Recently, multiple antenna technologies are emerging to achieve the goal of 4G systems such as high rate, high reliability, and long range communications. In the early 90s, to cater the growing data rate needs of data communication, many transmission schemes were proposed. One technology, spatial multiplexing, gained importance for its bandwidth conservation and power efficiency. Spatial multiplexing involves deploying multiple antennas at the transmitter and at the receiver. Independent streams can then be transmitted simultaneously from all the antennas. This increases the data rate into multiple folds with the number equal to minimum of the number of transmit and receive antennas. This is called MIMO (as a branch of intelligent antenna). Apart from this, the reliability in transmitting high speed data in the fading channel can be improved by using more antennas at the transmitter or at the receiver. This is called transmit or receive diversity. Both transmit/receive diversity and transmit spatial multiplexing are categorized into the space-time coding techniques, which does not necessarily require the channel knowledge at the transmit. The other category is closed-loop multiple antenna technologies which use the channel knowledge at the transmitte.r.
5.4 Software-Defined Radio (SDR):
SDR is one form of open wireless architecture (OWA). Since 4G is a collection of wireless standards, the final form of a 4G device will constitute various standards. This can be efficiently realized using SDR technology, which is categorized to the area of the radio convergence.

5.5 Orthogonal frequency-division multiplexing:

Orthogonal frequency-division multiplexing (OFDM), essentially identical to coded OFDM (COFDM) and discrete multi-tone modulation (DMT), is a frequency-division multiplexing (FDM) scheme utilized as a digital multi-carrier modulation method. A large number of closely-spaced orthogonal sub-carriers are used to carry data. The data is divided into several parallel data streams or channels, one for each sub-carrier. Each sub-carrier is modulated with a conventional modulation scheme (such as quadrature amplitude modulation or phase-shift keying) at a low symbol rate, maintaining total data rates similar to conventional single-carrier modulation schemes in the same bandwidth.

OFDM has developed into a popular scheme for wideband digital communication, whether wireless or over copper wires, used in applications such as digital television and audio broadcasting, wireless networking and broadband internet access.

The primary advantage of OFDM over single-carrier schemes is its ability to cope with severe channel conditions (for example, attenuation of high frequencies in a long copper wire, narrowband interference and frequency-selective fading due to multipath) without complex equalization filters. Channel equalization is simplified because OFDM may be viewed as using many slowly-modulated narrowband signals rather than one rapidly-modulated wideband signal. The low symbol rate makes the use of a guard interval between symbols affordable, making it possible to handle time-spreading and eliminate intersymbol interference (ISI). This mechanism also facilitates the design of single frequency networks (SFNs), where several adjacent transmitters send the same signal simultaneously at the same frequency, as the signals from multiple distant transmitters may be combined constructively, rather than interfering as would typically occur in a t Cable
· PEP via telephone lines. 

· ADSL and VDSL broadband access via POTS copper wiring. 

· Power line communication (PLC). 

· Multimedia over Coax Alliance (MoCA) home networking. 

· ITU-T G.hn, a standard which provides high-speed local area networking over existing home wiring (power lines, phone lines and coaxial cables). 

· DVB-C2, an enhanced version of the DVB-C digital cable TV standard. 

 Wireless
· The wireless LAN (WLAN) radio interfaces IEEE 802.11a, g, n and HIPERLAN/2. 

· The digital radio systems DAB/EUREKA 147, DAB+, Digital Radio Mondiale, HD Radio, T-DMB and ISDB-TSB. 

.

 5.6 Multiplexing:

process In telecommunications and computer networks, multiplexing (also known as muxing) is a where multiple analog message signals or digital data streams are combined into one signal over a shared medium. The aim is to share an expensive resource. For example, in telecommunications, several phone calls may be transferred using one wire. It originated in telegraphy, and is now widely applied in communications.

The multiplexed signal is transmitted over a communication channel, which may be a physical transmission medium. The multiplexing divides the capacity of the low-level communication channel into several higher-level logical channels, one for each message signal or data stream to be transferred. A reverse process, known as demultiplexing, can extract the original channels on the receiver side.

A device that performs the multiplexing is called a multiplexer (MUX), and a device that performs the reverse process is called a demultiplexer (DEMUX).

Inverse multiplexing (IMUX) has the opposite aim as multiplexing, namely to break one data stream into several streams, transfer them simultaneously over several communication channels, and recreate the original data stream.
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Types of multiplexing:
The group of multiplexing technologies may be divided into several types, all of which have significant variations:[1] space-division multiplexing (SDM), frequency-division multiplexing (FDM), time-division multiplexing (TDM), and code division multiplexing (CDM).

Variable bit rate digital bit streams may be transferred efficiently over a fixed bandwidth channel by means of statistical multiplexing, for example packet mode communication. Packet mode communication is an asynchronous mode time-domain multiplexing which resembles time-division multiplexing.

Digital bit streams can be transferred over an analog channel by means of code-division multiplexing (CDM) techniques such as frequency-hopping spread spectrum (FHSS) and direct-sequence spread spectrum (DSSS).

In wireless communications, multiplexing can also be accomplished through alternating polarization (horizontal/vertical or clockwise/counterclockwise) on each adjacent channel and satellite, or through phased multi-antenna array combined with a Multiple-input multiple-output communications (MIMO) scheme.

Frequency-division multiplexing:
Frequency-division multiplexing (FDM) is inherently an analog technology. FDM achieves the combining of several digital signals into one medium by sending signals in several distinct frequency ranges over that medium.

One of FDM's most common applications is cable television. Only one cable reaches a customer's home but the service provider can send multiple television channels or signals simultaneously over that cable to all subscribers. Receivers must tune to the appropriate frequency (channel) to access the desired signal.[2]
A variant technology, called wavelength-division multiplexing (WDM) is used in optical communications.

Time-division multiplexing:
Time-division multiplexing (TDM) is a digital technology. TDM involves sequencing groups of a few bits or bytes from each individual input stream, one after the other, and in such a way that they can be associated with the appropriate receiver. If done sufficiently and quickly, the receiving devices will not detect that some of the circuit time was used to serve another logical communication path.

Consider an application requiring four terminals at an airport to reach a central computer. Each terminal communicated at 2400 bps, so rather than acquire four individual circuits to carry such a low-speed transmission, the airline has installed a pair of multiplexers. A pair of 9600 bps modems and one dedicated analog communications circuit from the airport ticket desk back to the airline data center are also installed.[3]
Code-division multiplexing:
Code division multiplexing (CDM) is a technique in which each channel transmits its bits as a coded channel-specific sequence of pulses. This coded transmission typically is accomplished by transmit Mobile ad hoc network , 
6. APPLICATIONS OF 4G:
At the present rates of 15-30 Mbit/s, 4G is capable of providing users with streaming high-definition television, but the typical cellphone’s or smartphone’s 2″ to 3″ screen is a far cry from the big-screen televisions and video monitors that got high-definition resolutions first and which suffer from noticeable pixelation much more than the typical 2″ to 3″ screen. A cellphone may transmit video to a larger monitor, however. At rates of 100 Mbit/s, the content of a DVD-5 (for example a movie), can be downloaded within about 5 minutes for offline access.

However, how cellphone companies might market 4G as a killer application for most cellphone users is unknown. Existing 2.5G/3G/3.5G phone operator based services are often limited in application (see “walled garden“), and the majority of cellphone users in industrialized nations do not purchase even this slower-speed Internet access. However, 4G’s improved bandwidths might provide opportunities for previously impossible products and services to be released, and higher bandwidth for a given cost should be achieved.

Mobile Internet World is Now a Part of 4G World!

Mobile Internet World is now incorporated into 4G World, focusing on the business strategies that will drive operator and service provider revenue growth.  Just as the broadband technologies have transformed the Internet into an always-on commercial worldwide web, 4G mobile broadband technologies offer anywhere and anytime Mobile Internet access to rich media content, mobile commerce, Web 2.0 applications and social networking from a wide range of devices ranging from smart handsets to netbooks, cameras and other consumer electronics.  Building on two years of success, MIW 2009 will include keynotes and track sessions on Open Mobile Development, Mobile Internet Devices, rich media, mobile commerce services and M2M applications.  The Mobile Internet World program will examine the prospects for recovery in the Anywhere Mobile Internet Economy in key industry sectors including media and advertising, retail commerce, transportation, energy utilities and health care.

Fourth-generation wireless network technologies are entering the market at a time when the cell phone industry has reached a steady state. Annual shipments of cell phones in developed countries have been steadily declining for the past few years due to high rates of penetration. Mobile communications passed a milestone when it broke 50% household penetration globally at the end of 2007. With growth in penetration levelling off, the remaining growth likely will be found in emerging markets. Will 4G technologies such as WiMAX and long-term evolution be able service their needs?

Some of the promises of 4G include higher spectral efficiency, which translates into the ability to serve more users in a given spectrum; lower cost of infrastructure equipment; and an all-IP core infrastructure. All of these should enable operators to serve price-sensitive markets where 2G and 3G networks have had limited success. This in turn should enable service providers to construct successful business cases with lower average revenues per user (ARPU). One of the enablers for 4G is going to be the availability of low-cost handsets and terminal equipment. Without proactive investments in the development of low-cost handsets, 4G might be relegated to serving the needs of developed countries and thus be left out of the larger-volume opportunities presented in emerging markets.
7.Impact of 4G technology
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Fourth-generation wireless network technologies are entering the market at a time when the cell phone industry has reached a steady state. Annual shipments of cell phones in developed countries have been steadily declining for the past few years due to high rates of penetration. Mobile communications passed a milestone when it broke 50% household penetration globally at the end of 2007. With growth in penetration levelling off, the remaining growth likely will be found in emerging markets. Will 4G technologies such as WiMAX and long-term evolution be able service their needs?Some of the promises of 4G include higher spectral efficiency, which translates into the ability to serve more users in a given spectrum; lower cost of infrastructure equipment; and an all-IP core infrastructure. All of these should enable operators to serve price-sensitive markets where 2G and 3G networks have had limited success. This in turn should enable service providers to construct successful business cases with lower average revenues per user (ARPU). One of the enablers for 4G is going to be the availability of low-cost handsets and terminal equipment. Without proactive investments in the development of low-cost handsets, 4G might be relegated to serving the needs of developed countries and thus be left out of the larger-volume opportunities presented in emerging markets.

8.Conclusion and Outlook
Technology is constantly improving and it can be hard to keep track of all the new innovations and breakthroughs. It seems that every time we turn on the television, we are bombarded with new products. Often, we have no idea what these products do or why we might need them.

One of the most confusing areas of technology concerns the Internet and the many ways in which we can receive it in our homes and businesses.

When the Internet first arrived, a dial-up connection was the only way to get it. At this time, we may not have understood how the technology worked, but we did know that if we were going to use it, we would need a dial-up connection. It was easy to reach this conclusion because there were no other options available.

Then the cable modem arrived and we had to start making decisions about how we wanted to get the Internet. However, this too was not a difficult choice to make because it was obvious to see that getting the Internet using a cable modem was much better. For one thing, cable modems didn't interfere with our telephone calls. When using a dial-up connection that depends on phone lines, all calls, both ingoing and outgoing, are stopped. It doesn't take a person who knows a lot about technology to see how this is a great limitation, especially in matters of business. Furthermore, cable modems allowed us to get the Internet at much greater speeds. Again, it doesn't take a genius to know that faster is better.

When wireless Internet appeared, it was easy to see how this new technology was a better option than a cable modem. Not only was this new technology much faster, but because it was wireless, not relying on any fixed connections, we gained a great mobility. Now we could surf the web from any place in our home and business.

But wireless technology is still improving. Suddenly, we are hearing many fancy terms and we don't know what they mean or if they relevant to our needs. We are hearing terms like 2G and 3G. Recently, a radical new technology known as 4G appeared. If you are feeling lost and confused, don't worry. Most people don't fully understand what these words mean. Here is some general information that could help you.

In the world of Internet, speed is the name of the game. The biggest, most important, difference between 3G and 4G technology is speed. There are two types of speeds on which to focus when discussing the differences between 3G and 4G. The first type of speed is called download speed. Download speed measures how fast information can be accessed when using a laptop or handheld device. The second type of speed is called upload speed. This speed measures how fast information can be transmitted to the Internet. Regarding both types of speed, 4G technology blows away 3G technology.
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