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1.  Executive Summary  

Fast adaptation of telecommunication technologies and services by different sects of society, and parallel 

development of advanced technologies at hardware and software levels are key drivers behind the 

success of the telecom industry,which has come a long way from the first generation cellular technology 

ÔÏ ÔÈÅ ÐÒÅÓÅÎÔ ÄÁÙȭÓ ÆÏÕÒÔÈ ÇÅÎÅÒÁÔÉÏÎ (4G)cellular technology. As we are moving from the world of 

ȰInternet for PeopÌÅȱ ÔÏ ÔÈÅ ȰInternet of TÈÉÎÇÓȱ, which aims to connect 50 billion users and devices 

around the world by 2020, next generation cellular technologies that can provide ultra-high bandwidth, 

ultra -high data rate, zero latency, high speed mobility, and high energy efficiencyare foreseen. Technology 

pioneers are working on υȭÔÈ generation (5G) cellular technologiesthat meet requirements of the next 

generation wireless devices, and this study provides an overview on the 5G platform as to how different 

stakeholdersare gearing up towards the next generation cellular technology. The report further tries to 

offer a broad level analysis/overview of their existing patent holdings and attempts to bring light to how 

telecom operators around the world are setting up and/ or planning to set up the required infrastructure 

for the fifth generation wireless technology, and how Reliance Jio, among other Service 

Operators/Providers in India, can use their competitive strength to become a prominent stakeholdersin 

this domain. 
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2. Study Overview  

As more and more devices are getting connected and reliance on network communication is increasing in 

an unprecedented manner, data traffic would continue to increase over time. υȭÔÈ generation wireless 

technology is being designed to meet the requirement of over 50 billion connected users/devices of 

different types (e.g. mobile phone, tablet, home appliance, probes, sensors, meters, machines, vehicles 

etc.) from different sectors (e.g., critical infrastructure, medicare, education, industrial automation etc) 

that may need to transfer 1000X data/content at ultrahigh speed (atleast 1 Gb/s or more data rates), with 

zero latency (less than one millisecond) while maintaining high speed mobility(max 10 millisecond 

switching time).There will be requirement of high density installation of wireless access points to provide 

connectivity to these increasing numbers of users/devices that may create highlydense crowds of 

connected devices or may be present anywhere in the world. 

The present report presents a quick review on evolution of cellular technology and the requirement of 

next generation cellular technology with a focus on the Indian market.A competitive analysis of the 

cellular operator and technology provider with respect to Indian market has been conducted to provide 

an overview on competition ÏÆ 2ÅÌÉÁÎÃÅ *ÉÏȭÓ, and its own competitive advantages being a major player in 

the 4G cellular operation and infrastructure  in the country.   

The study further focuseson fifth generation wireless technology, and tries to analyze how different 

stakeholders, including government agencies, R&D institutions, standard marking organizations, OEM 

companies, network operators and infrastructure providers are preparing themselves for this technology. 

A close technology analysis has been conducted on patents filed by different stakeholders, which will 

contribute in realizing fifth generation cellular technology. Technology analysis has been conducted for 

5G candidate technologies such as Ȱ-Mwave 4ÅÃÈÎÏÌÏÇÙȱ ÔÈÁÔ ÓÅÃÕÒÅÓ Á ÂÒÏÁÄ ÂÁÎÄ×ÉÄÔÈ ɉÏÖÅÒ ρ'(ÚɊ ÉÎ 

the 30-300 GHz in band frequency, and controls a short frequency to amplify transmission capabilities, 

Ȱ,arge Scale Multipl e Antenna and MIMOȱ 4ÅÃÈÎÏÌÏÇÙ that achieves high transmission speeds and energy 

effectiveness by installing hundreds to thousands of antennas in base stationsȟ ȰCellCreation and 

Management 4ÅÃÈÎÏÌÏÇÙȱ that maximizes information transmission capacities by increasing densities of 

small cells that transmit information, Ȱ3ÍÁÒÔ ÁÎÄ CÏÇÎÉÔÉÖÅ !ÎÔÅÎÎÁÓȱ and other technologies than enable 

high bandwidth, high data rate, zero latency, zero down time, high speed mobility,and energy 

optimization of network devices.  

Exhibit-1 below represents major companiesthat are actively involved in Research and Development of 

5G technology and have filed patents that may be relevant for 5G framework. As can be seen, Qualcomm, 

as was also the case in 4G has taken a strong leap forward in becoming a dominant player in the market 

across all technology verticals relating to 5G platform, followed by companies such as ZTE and Samsung. 
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Exhibit-1 

Exhibit-2 below representskey focus areas of the 5G enabling technologies: 

 

Exhibit-2 
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3. Research Methodology 

The present study has been conducted for 5G enabling technologies,and to understand the 

challenges/solutions of the fifth generation network that need attention of network operators. Following 

pointers give a very high-level research methodology that has been followed/incorporated while 

conducting the present study: 

3.1 Step Taken 
 

 

1
ÅStudy of Cellular Technology Evolution

2
ÅIdentiying Key Requirements of 5G 

3
ÅIdentification of Technology Candidates for 5G

4

ÅStudy of Intiatives taken by Standard Making Agencies and 
Government Agencies  

5
ÅIdentification of Major/Active Players

5
ÅAnalysis of Patents Relevant for 5G Realization

6

ÅAnalysis and Presentation of Challenges for Service Providers/Network 
Operators
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3.2 Assumption  

Present study has been conducted with respect to multiple perspectives with an earnest attempt to 

showcase the key technology candidates for 5G. In the limited time of around one week, we have focused 

on identification of key technology candidates, activities of standard making agencies and Government 

agencies, conducting patent Searching &analysis, and have tried to bring out various perspectives of 

deployment challenges and technology development. The basic assumptionfor qualification of 

technologiesto be used in 5G includes: 

 

3.3 Data Sources 

The study was primarily carried out using Questel-Orbit, a popular database of patent applications and 

granted patents from 95 patent jurisdictions around the world created by Questel. Access was also made 

to databases such as USPTO, Patent Lens, and Thomson Innovation to validate the records and results 

received and also to conduct various different string searches to evaluate above-mentioned aspects of 

landscape analysis on 5G. Information and data published by standard making agencies and government 

agencies with respect to 5G have been accessed.  

The database is created editorially in the sense that the key content of patent applications and granted 

patents such as novel feature, applications, benefits are re-abstracted from the original text of the patent 

document into a standard format. In addition, the architecture of the database provides for good 

analytical capability. The Orbit database also organizes raw patent information into families using a 

definition specific to the FamPat database. IIPRD however disclaims the accuracy of the data retrieved 

from Questel Database and errors that might be arising out of the same. 

The database includes the following patent classifications for accurate and comprehensive record 

retrieval:  

¶ US Patent Classification 

¶ Cooperative Patent Classification (CPC)  

Technology enabling ultra high bandwidth 

Technology enabling ultra high data rate 

Technology enabling zero latency 

Technology enabling seamless high speed mobility 
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¶ International Patent Classification (IPC)  

¶ Japanese File Index (FI) and F Terms  

¶ FamPat Classification (editorially applied) 

The database provides comprehensive global coverage back far enough in time for accurate descriptions 

of the landscape. However the present study was restricted to patent applications filed in US. 

3.4 Patent Applicant Naming Variations  

Name of the organization to which inventors assign their invention (typically, their employer) varies 

considerably both within a single entity and over time. For example, IBM can patent both under the 

acronym and as International Business Machines. Even within these two distinctions, variations in syntax, 

spelling and formatting can create problems with formal accurate analysis of entity names. Furthermore, 

the acquisition of a company, or indeed the divestiture of subsidiaries can create issues with proper 

identification of patent ownership. Therefore there is a requirement for normalizing the various name 

variants that exist within the dataset, as well research into mergers, acquisitions and subsidiaries to 

provide an accurate reflection of the ownership of patent rights within the landscape. 

This process is performed using various methods, including:  

 Ɇ )ÄÅÎÔÉÆÙÉÎÇ ÁÎÄ ÃÏÒÒÅÃÔÉÎÇ ÍÉÎÏÒ ÖÁÒÉÁÔÉÏÎÓ ÉÎ ÎÁmes, e.g. IBM versus I.B.M. 

 Ɇ )ÄÅÎÔÉÆÙÉÎÇ ÌÉËÅÌÙ ÃÁÎÄÉÄÁÔÅÓ ÆÏÒ ÁÇÇÒÅÇÁÔÉÏÎȟ ÓÕÃÈ as distinct entities that share inventors; 

performing research on name variants for definitive identification  

 Ɇ !ÇÇÒÅÇÁÔÉÎÇ ËÎÏ×Î ÈÉÓÔÏÒÉÃÁÌ ÍÅÒÇÅÒÓ ÁÎÄ ÁÃÑÕÉÓÉÔÉÏÎÓ  

Additionally, these methods provide a good method for minimizing the number of records that are not yet 

associated with an organization ɀ e.g. unassigned US patent applications.  

 

3.5 Search String Creation  

The creation of search string was performed iteratively ,wherein the results output by each search string 

were reviewed and evaluated to inform and tailor the search to become more accurate.As each search 

string is created, results are sampled and reviewed for relevancy, and keywords and assignees are 

amended as appropriate. Furthermore, the results of each string are data mined for further key terms of 

interest, synonyms and alphanumeric technology classification codes of relevance, which are then 

incorporated in revised search strings. This process is repeated until revisions yield only minor variations 

in results, at which point, the search string is locked in its configuration.  
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4. Technology Overview  

As more and more people and devices are connecting to the Internet and to ȰIÎÔÅÒÎÅÔ ÏÆ ÔÈÉÎÇÓȱ that aims 

at connecting more than 50 billion users/devices, necessity of next generation technology is foreseen by 

the industry. A future reality expects an exponential growth in the number of mobile users, connected 

homes, connected offices, smart grids, smart home appliances, next generation health care systems, smart 

transports, machine to machine interactions, vehicle to vehicle communications, smart sensors, smart 

tools and other connected devices that are expected to transfer data that is 1000 times faster/higher than 

the present data traffic being handled by the cellular communication.  

Exhibit-3 represents a future traffic requirement that is expected to emerge after 2020.  

 

Exhibit-3 

As the technology leaders around the world are trying to connect entire humanity over Internet that is 

expected to plug 7 billion people with  over 7 trillion things through Internet , Exhibit -3 above illustrates 

exemplary requirements of the next generation network (5G) that should havea capacity that is 1000 

times higher than the present capacity. In order to achieve such capacity , ultra -high bandwidth and ultra 

high data rate will be required that can transfer such a huge volume of data with zero latency during high 

mobility .The next generation wireless technologies and devices also need to be energy efficient so as to 

make sure that the increasing number of devices doÅÓÎȭÔ adversely impact the global eco-system. 

Before going in detail about 5G requirements and its enabling technology, the section below presents a 

quick look at the evolution of wireless technologies over the years.  

 

4.1Evolution o f Wireless Technologies  

Wireless technology has come a long way from analog communication systems to digital communication 

system,which can connect users and devices for peer-to-peer communication and Internet 

communication. The following key aspects of wireless technologies have evolved and have shaped 

generations of cellular technology: radio access, data rates, bandwidth and switching schemes.  This 

section of the report mentions, in short, the evolution of wireless and cellular systems based on these four 

main key aspects, namely radio access, data rates, bandwidth, and switching schemes. 
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Exhibit-4 below represents a high-level graphical representation of different generations of wireless 

technology, their evolution time, data rate, and standards.  

 

 

Exhibit-4 

4.1.1 First Generation Systems (1G) 

First generation wireless systems (1G) was an analog system that used frequency modulation technique 

for radio transmission using frequency division multiple access (FDMA) with channel capacity of 30 KHz 

and frequency band of 824-894 MHz. 1G was based on a Advance Mobile Phone Service (AMPS) 

technology and was ÐÉÏÎÅÅÒÅÄ ÆÏÒ ÖÏÉÃÅ ÓÅÒÖÉÃÅ ÉÎ ÅÁÒÌÙ ρωψπȬÓ.  

4.1.2 Second Generation Systems (2G) 

Second generation systems (2G) transitioned from analog communication system to digital 

ÃÏÍÍÕÎÉÃÁÔÉÏÎ ÓÙÓÔÅÍ ÄÕÒÉÎÇ ÌÁÔÅ ρωωπȭÓ and is still the most used wireless data communication system 

in different part s of the world. The second generation wireless technology was based on GSM standards, 

and provides data services (e.g. SMS, e-mail, web browsing etc.) in addition to regular voice service. 2G 

usestwo digital modulation schemes,namely time division multiple access (TDMA), and the code division 

multiple access (CDMA) and operates in frequency band of 850-1900 MHz. In 2G, GSM technology uses 

eight channels per carrier with a gross data rate of 22.8 kbps (a net rate of 13 kbps) in the full rate 

channel and a frame of 4.6 milliseconds (ms) duration.Few of the main benefits of 2G networks over their 

counterpart 1G networks include their capability to digitally encrypt phone conversations, being efficient 

on the spectrum by allowing far greater mobile phone penetration levels, and ability to provide data 

services for mobile starting with SMS text message, and multimedia services. Though 2G has its 

successors, it is still the most widely used wireless technology in developing countries, which would take 

time to build up the necessary infrastructure for 3G, much talked about 4G, and the future generation 5G.    
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4.1.3 Third Generation Systems (3G)  

Third generation (3G) systems combine high-speed mobile access with Internet Protocol (IP)-based 

services that came in the global market during 2002. The technology is still under adaptation by 

manydeveloping countries that had some delay in infrastructuredevelopment and spectrum licensing. 

Countries such as India and China with massive population are still building up infrastructure to provide 

3G connectivity across the nation. 3G platformis basically based on a set of standards used for mobile 

devices and mobile telecommunications services and networks that comply with the International Mobile 

Telecommunications-2000 (IMT-2000) specifications set by the International Telecommunication Union 

(ITU). The main features of 3G technology include wireless web-based access, multimedia services, email, 

and video conferencing. The 3G W-CDMA air interface standard had been designed for Ȱalways-onȱ 

packet-based wireless services that allow computers, entertainment devices, and telephones to share a 

common wireless network and be connected to Internet anytime, anywhere. 3G systems offer high data 

rates of up to 2 Mbps, over 5 MHz channel carrier width depending on mobility/velocity, and high 

spectrum efficiency. 3G communication works on frequency band of 1.8 - 2.5 GHz and provides data rate 

of up to 2 Mbps.In a broad estimation, there are almost 8,000 standard essential patents (FRAND) relating 

to the 483 technical specifications that form the 3GPP and 3GPP2 standards. In a high level analysis, it is 

observed that top 12 companies/assignees accounted in 2004 for 90% of the patents in this technology 

segment, which include Qualcomm, Ericsson, Nokia, Motorola, Philips, NTT DoCoMo, Siemens, Mitsubishi, 

Fujitsu, Hitachi, InterDigital, and Matsushita. Apart from the standard essential patents disclosed by these 

companies, there are numerous other patents that have not been declared by some of these companies.  

For instance, it has been noted that the patent portfolio of Nortel and Lucent indicates a long list of 

patents that may be held standard essential.   

4.1.4 Fourth Generation Systems (4G) 

4G wireless communicationsystems, also referred to as LTE,form part of the recent standard for wireless 

packet data transmission that provides faster data rate and connects people and devices to Internet. 4G 

standard was designed to be used for anytime anywhere access/transfer of data by users/devices to 

provide a comprehensive and secure IP based solution where facilities such as voice, streamed 

multimedia and data will be provided to users/device at much higher data rates compared to previous 

generations. The technology and infrastructure development to support 4G standard is still under 

development in several countries (In another section, we will cover 4G spectrum infrastructure and 

spectrum licensing with respect to India). 4G services are providedat frequency bands of 2-8 GHz, and can 

support data rates from 2Mbps to 1 Gbps. 4G networks is required for high speed application such as 

wireless broadband access, Multimedia Messaging Service (MMS), mobile TV, HDTV content transfer, 

Digital Video Broadcasting (DVB), video chat, and live steaming. There are several technology 

advancements such as MIMO, smart antennas, cognitive antennas, among others that are taking place to 

support better data rate, and provide mobility with good data rate. These advancements can be 

categorized as LTE advance technologies and will be inducted in next version 4G standards. Though the 
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4G standard is designed to cater the present and near future wireless network requirements, it will not be 

adequate to support 50 billion users/devices that are expected to connect tothe wireless internet after 

2020, and hence the industry pioneers are gearing up for the next generation wireless technology. 

A 4G system, in addition to the usual voice and other services of 3G, provides mobile broadband Internet 

access, for example to Laptops with wireless modems, to smart phones, and to other portable devices. 

Potential and current applications includemobile web access, IP telephony, gaming services, high-

definition  TV, mobile TV, video conferencing, 3Dtelevision, and cloud computing. 

 

Table 1: Specification of 4G 

Characteristics  Range 

Frequency Band 2-8 GHz 

Bandwidth 5-20 MHz 

Data Speed/Data Rate Upto 20 Mbps or more 

Access Multi -carrier - CDMA  or OFDM(TDMA) 

Fec Concatenated Codes 

Switching Packet 

Mobile Top Speeds 200 kmph 

 

As the report is attempted to be slightly tailored for Reliance Jio, the following section provides the 

activity and strength of Reliance Jio with respect to their 4G focus. 

Overview of Reliance Jio 4G Spectrum  

Reliance needs no introduction, and in sum, is headquartered in Mumbai and is a leading organization in 

the domain of telecommunication. Previously known as Infotel Broadband, which is now subsidiary of 

Reliance Industries Ltd., the broadband service provider is the only company in India that acquired PAN 

India 4G spectrums in an auction held by Government of India. Infotel Broadband acquired 4G spectrum 

for Pan India for Rs. 12,848 crores ($2.7 billion) in 2010, and soon thereafter, Reliance Industrial bought 

95%of its stake for 4800 croresand marked its entry in telecommunication domain, and became the only 

company who have received 4G spectrum for all the circles. 

 

4G Spectrum Competi tors  

Below illustrated Table-2 represents companies thatwon the 4G spectrum in the auction held by the Govt. 

of India in 2010, with Reliance Jiobeing the only company acquiring PAN India. 
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Table 2 ɀ 4G Spectrum Allocation in India 

Company Total Circles Won  

Infotel (Reliance jio) 22 

Aircel 8 

Tikona 5 

Bharti Airtel  4 

Qualcomm 4 

Augere 4 

 
Reliance Jio Activities  

After successfully acquiring Infotel and having ÍÁÄÅ ÉÔȭÓ ÐÒÅÓÅÎÃÅ ÈÅÁÒÄ ÉÎ ÔÈÅ ÍÁÒËÅÔȟ Reliance is now 

aggressively planning to launch 4G services with the help of its partners. As mandated by the Govt., the 

Company needs to launch its services in 90% of circles allocated thereto by the year 2015, wherein 

Reliance Jio has announced launch of 4G service in selected areas by early 2015.The company has also 

rolled out deals/agreements with several companies including Reliance Communication, Bharti Airtel, 

American Tower, Tower vision Ascend Telecome, among others for building/sharing of their 

infrastructure for 4G services. Through these various agreements,Reliance Jio now has access to about 

1,92,500 towers across India.   

Recently, Ericsson has also signed a deal with Reliance for providing 3 years operational support, which 

includes providing services across the country. Company has also partnered with multiple vendors such 

as CISCO, HP, IBM, SAP and many more to streamline its OSS and BSS operations. 



 

Confidential                                                                                                                                                                         Page 15 

 

Exhibit-υȡ2ÅÌÉÁÎÃÅ *ÉÏȭÓ )ÎÆÒÁÓÔÒÕÃÔÕÒÅ ÓÅÔÕÐȾÓÈÁÒÉÎÇ ÄÅÁÌÓ 

 

4.2 Introduction of 5G  

Though not specified by any standardization body, the fifth generation wireless technology can be 

broadly defined as a packet switched wireless system with wide area coverage and high throughput that 

addresses the challengesfaced by 4G/LTE and IMT technology, and can meet the requirement of over 50 

billion wireless devices beyond 2020 through:  

- Ultra High Bandwidth : 1000 times higher wireless capacity when compared with 2010 capacity  

- Ultra High Data Rate: Provide data rate of more than 1 Gbps 

- Zero Latency : Less than 10 milliseconds of downtime    

- High Speed Mobility - 1 Gbps data rate in high mobility, and more than 1 Gbps data rate in low 

mobility with less than 10 millisecond of switching time   

- High Energy Efficiency :Having up to 90% of energy per service provided  

- High Security : Provide network level security and better user controlled privacy  

Apr' 13
RCOM Ltd  for sharing extensive inter-city optic 

fiber infrastructure & Airtel to utilise i2i submarine 
cable

Dec' 13 Airtel to share infrastructure

Mar' 14 Viom Networks for utilizing 42K towers

Apr' 14 ATC India for utilizing 11K towers

May 14 Tower Vision for utilizing 8.4K towers

Jun' 14
Ascend Telecom for utilizing more than 4.5K 

towers & Indus Tower for sharing infrastucture

Aug' 14
BSNL for tower sharing & Videocon Telecome for 

Sharing infrastructure 
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Exhibit-6 

5G technologies will use CDMA, BDMA, and millimeter wireless technologies, which would enable data 

transfer at greater than 1Gbps at high mobility, and higher than 10 Gbps at low mobility. High security 

can be achieved by better cognitive radios/ software defined radios/ SDR security. Machine-type 

communication will be one of the bigger changes in 5G networks, with everything ranging from bike, 

ÈÅÌÍÅÔÓȟ ×ÁÔÅÒ ÓÙÓÔÅÍÓȟ ÈÏÕÓÅ ÅÑÕÉÐÍÅÎÔȭÓ ÃÏÍÍÕÎÉÃÁÔÉÎÇ ×ÉÔÈ ÅÁÃÈ ÏÔÈÅÒȢ Technology experts are also 

saying that 5G will not be a single spectrum or switching technique, but would instead be a network that 

will depend on different frequency bands andwill carry information at different speeds, and have very 

different propagation characteristics.Therefore, the same device may be used at a high-speed uplink 

band as well as at the low-speed downlink band, or vice versa. Exhibit-7 representsdifferent types of 

users that may have different bandwidth requirements, and therefore would be able to use different 

applications based on the 5G-technology platform. 

 

ωVoice Calls

ωVideo Calls

ωSmart Home

ωHealthcare

ωVehicle to Vehicle

ωMachine to Machine

ωE-Health/E-Transport

ωSmart Home/Gaming/Virtual 
Reality/Wireless Cloud Office

ωVideo/Voice Calls

ωVoice Calls

ωVideo Calls
ωVoice Calls

Rural 
Cities

Tier-3 
Metro 
Cities

Tier-2 
Metro 
Cities

Tier-1 
Metro 
Cities



 

Confidential                                                                                                                                                                         Page 17 

Exhibit-7 

4.3 Comparison of Different Generation s of Wireless Technology  

Before going in details of 5G enabling/candidate technologies, below Table-3provides a quick comparison 

of existing third generation and fourth generation wireless technologies and their capacities with those of 

the upcoming fifth generation wireless technologies.  

 

Table 3: Comparison among 3G, 4G and 5G Technology 

Technology/Features  3G 4G 5G 
Data Bandwidth  2 Mbps 2 Mbps-1 Gbps 1 Gbps& Higher 

Frequency Band 1.8-2.5 GHz 2-8 GHz 3-300 GHz 

Standards  WCDMA 
CDMA-200 
TD-SCDMA 

All access 
convergence  
Including- OFMDA, 
MC-CDMA Network 

 
CDMA & BDMA 

Technology Broad bandwidth 
CDMA IP Technology 

Unified IP and  
Seamless 
combination of  
broadband 
LAN/WAN/ PAN and 
WLAN 
Wi-Max, LTE, WiFi 

Unified IP and seamless 
combination of broadband, 
LAN/WAN/PAN/WLAN and 

technologies for 5 G new 
deployment (Eg: OFDM etc.), 

WWWW 

Services  Integrated high 
quality audio, video 
and data 

Dynamic information 
access, wearable 
devices, HD 
streaming,  global 
roaming 

Dynamic information access, 
wearable devices, HD 

streaming, upcoming all 
technologies, global roaming 

smoothly 
Multiple Access CDMA CDMA CDMA and BDMA 
Core Network Packet Network All IP Network  Flatter IP Network & 5G 

network interfacing (5G-NI) 
Definition Digital Broadband 

packet data 
Digital broadband, 
packet data, All IP 

Digital Broadband, packet 
data , ALL IP very high 

throughput 
Hand off Horizontal Horizontal & Vertical  Horizontal and Vertical 
Start from 2001 2010 2015 
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Table-4represents different releases of 3GPP for different generations of communication technologies. 

Release 10 and onward has been used as a standard for 4G networks, and it is expected that any Release 

from 13 onwards would relate to 5G technologies. Currently, study on Release 13 and 14 is on progress 

and it is expected that the releases would be completed in 2015.   

Table-4 

Rel-8 

Dec-2008  

Rel-9 

Dec-2009  

Rel-10 

Dec-ςπρπ Ȱτ'ȱ 

Rel-11 

Dec-2012  

Rel-12 

Dec-2014  

Single Carrier 
Upto 20 MHz 

 

Single Carrier 
Upto 20 MHz 
 

Multiple 
Carrier 
   Upto 100 
MHz 

 

Multiple Carrier 
Multiple Bands 
Up to 100 MHz 

Multiple Carrier 
Multiple Bands 
Up to 100 MHz 

DL: 100 Mbps 
UP: 50 Mbps 

DL: 100 Mbps 
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4.4 Fifth Generation (5G) Candidate Technolog ies 

The fifth generation wireless technology requires ultra high bandwidth having 1000 times higher 

capacity, ultra high data date, zero latency, high speed mobility and high energy optimization that can be 

enabled with new evolving technologies.  Patent and Non-patent literatures have been surveyed and 

studyhas been performed to understand the 5G candidate technologies that can enable next generation 

wireless communication.  The candidate technologies thatwill enable fifth generation wireless can be 

broadly classified into below categories. 
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4.4.1 Technology Relating to Millimetr e Wave or MMWave 

Usage of millimetre wave frequencies (e.g. up to 90 GHz) for wireless backhaul and/or access is a suitable 

and viable option that can be adopted for 5G communication. The underutilized spectrum in the 

millimeter -wave range frequency bands can be used to achieve tens to hundreds of times more capacity 

when compared with current 4G cellular networks. Millimeter Waves (mmWaves) are radio waves with 

wavelength in the range of 1 millimeter (mm)-10 mm and correspond to radio frequency of 30 GigaHertz 

(GHz)-300 GHz.  

According to the definition provided by the International Telecommunications Union (ITU), these 

frequenciesin the range of 3 GHz-30 GHzare also referred to as Extremely High Frequency (EHF) bands. 

These radio waves exhibit unique propagation characteristics, wherein, for instance, when compared 

with lower frequency radio waves, mmWaves suffer higher propagation loss due to water vapor and 

oxygen absorption and have a poorer ability to penetrate objects, such as buildings, walls, foliage, and are 

more susceptible to other atmospheric disturbance such as deflection and diffraction due to particles 

(e.g., rain drops) in the air.   

However,the technology has its own set of advantages, which include that fact that due to smaller wave 

lengths of the mmWaves, more antennas may be packed in a relatively small area, allowing for the 

implementation of a high-gain antenna in small form factor, which can provide densely packed 

communication links for more efficient spectrum reuse, and better privacy and security during 

communication. The mmWavesspectrum has been less utilized due to the aforementioned 

disadvantages,which presents a unique opportunity for a new technology to use these unutilized 

spectrum band for low cost. A vast amount of spectrum is available in the mmWaveband, wherein, in an 

instance, frequencies around 60 GHz that are typically referred to as the 60 GHz band are available as 

unlicensed spectrum in most countries. In the US, 7 GHz of spectrum around 60 GHz (i.e., 57 GHz-64 GHz) 

is allocated for unlicensed use. On Oct. 16, 2003, the Federal Communications Commission (FCC) issued a 

Technology relating to  Millimetre wave or MMWave

Technology relating to  Smart and Cognitive radios/antennas

Technology relating to  deployment/design of MIMO, Massive Distributed MIMO and Large 
Scale Multiple Antennas

Technology relating cell creation and management (Macro cell Micro cell, Femto cell  and 
Pico cell) 

Technology enabling ultra high bandwidth and ultra high data rate (Wideband)

Technology enabling Zero Latency, Seamless High Speed Mobility, Low Energy/Power 
Consumption

Bean Division Multiple Access (BDMA)  
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Report and Order that allocated 12.9 GHz of spectrum for high-density fixed wireless services in the 

United States (i.e., 71-76 GHz, 81-86 GHz, and 92-95 GHz excluding 94.0-94.1 GHz for Federal 

Government use). The frequency allocation in 71-76 GHz, 81-86 GHz, and 92-95 GHz are collectively 

referred to as the E-band. The frequency allocation in the E-band is the largest spectrum allocation ever 

by the FCC as it is 50 times larger than the entire cellular spectrum. In other countries also, spectrum 

around 60 GHz is available for unlicensed use.  

Though in past, several companies have used MmWavefor wireless communication using component 

electronics that can achieve a Giga bits per second (Gbps) data rate, these technologies ÃÁÎȭÔ ÂÅ ÕÓÅÄ ÆÏÒ 

end user mobile communication as they are costly and complex in design and implementation. For 

instance, Asyrmatos Incorporated developed anmmWavecommunication system capable of 10 Gbps data 

transfer over distances of several kilometers. The transceiver used by Asyrmatos is based on photonics, 

which provides the flexibility of operating in a variety of mmWave bands such as 140 GHz (F-Band), 94 

GHz (W-Band), 70/80 GHz (E-Band), and 35 GHz (Ka-Band). As another example, GigaBeam Corporation 

developed multigigabit wireless technologies for the 70 GHz and 80 GHz band. However, these 

technologies are not suitable for commercial mobile communication due to issues such as cost, 

complexity, power consumption, and form factor. For example, GigaBeam Corporation's WiFiber G 1.25 

Gbps wireless radio requires a two-foot antenna to achieve the antenna gain required for sufficient point-

to-point link quality. The component electronics used in these systems, including power amplifiers, low 

noise amplifiers, mixers, oscillators, synthesizers, waveguides, are too big in size and consume too much 

power to be applicable in mobile communication. 

Recently, many engineering and business efforts have been and are being invested to utilize the 

mmWaves for short-range wireless communication. A few companies and industrial consortiums have 

developed technologies and standards to transmit data at a Gbps rate using the unlicensed 60 GHz band 

within a few meters (i.e., up to 10 meters). 

 

Overview of Patent  Activity  

Advancement of any technology can be better reflected by indicating the patent filing activity and 

research focus by the industry leaders. We were able to analyze around 364 patents filed in the United 

States Patent Office and WIPO by top industry leaders in the field of mmWave technology. Exhibit-8 

illustrates the distribution of focus areas of the analyzed set of patents, which demonstrates that most of 

the active players are focusing on transmission schemes, mmWave radio/antenna design, and 

architectures relating to mmWave capable Antenna Arrays. 
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Exhibit-8 

Major Players  

Exhibit-9 illustrates the distribution sequence of key Applicants in the space of mmWave Technology. It 

has been observed that the top 10 Applicants hold around 75% of the patents relating to mmwave 

technology domain, wherein the key Applicants include Sony (14%), Intel (14%), Broadcom (12%), 

Samsung (10%), IBM (8%), Qualcomm (6%), Electronics and Telecommunication Research Institute 

(ETRI) (3%), Samsung (3%), Korea Electronics (2%), and Samsung Thales (2%). These patentstypically 

disclose use of mmWave for wireless data transfer at higher speed using the unutilized infrastructure. 
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Exhibit-9 

4.4.2 Technology Relating to Smart and Cognitive Radios/ Antenna s 

Smart, Cognitive and software defined radios include radios that can be programmed and configured in 

real-time, and can automatically use best available channels and frequency spectrum. They can change 

their transmission and reception parameters dynamically in accordance with the availability of channels 

and can allow multiple concurrent wireless communication using different channels. These smart and 

cognitive radios can change their ÐÁÒÁÍÅÔÅÒÓ ÓÕÃÈ ÁÓ Ȱ×ÁÖÅÆÏÒÍȱȟ ȰÐÒÏÔÏÃÏÌȱȟ ȰÏÐÅÒÁÔÉÎÇ ÆÒÅÑÕÅÎÃÙȱ ÁÎÄ 

networking parameters.   

These smart and cognitive radios/antennas are self aware and continuously monitor the environment 

around them, and can automatically change their transmission/ reception parameters accordingly. 

Adaptability to operate at different channels and useof the best available channels and frequencies make 

such radios a strong candidate technology for the next generation wireless communication.     

Base stations and access terminals can be configured to have Software defined radios (SDR) that have 

benefits of high processing power to develop multiband, multi-standard base stations and terminals. For 

example,in order to increase the network capacity at a specific times (e.g. During festivals or events),an 

operator can reconfigure its network by adding several modems at a given base transceiver station(BTS). 

In the context of the expected 5G systems, SDR will become an enabler for terminal and network re-

configurability through software download. 

Seamless interoperability among heterogeneous networks represents the corner stone for the success of 

5G systems with different evolving technologies. A novel solution that ensures interoperability between 

several types of wireless access network is given by developing IEEE 802.21standard, wherein the heart 

of the 802.21 framework is the Media Independent Handover Function (MIHF) that is responsible for 

communication with different terminals , networks, and remote hardware or software. The reconfigurable 
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interoperability offers network providers with a possibility to choose, with minimal investments, 

between alternative wireless access networks.  

 

Overview of Patents Activity  

We were able to analyze around 260 patents filed in the United States Patent Office and WIPO by top 

industry leaders in the field of smart and cognitive antennas. Exhibit-10 illustrates the distribution of 

focus areas of the analyzed set of patents, which demonstrates that most of the active players are focusing 

on interference avoidance, followed by problems relating to channel adjustment and designs for software 

defined radios.  

 

Exhibit-10 

Major Players  

Exhibit-11 illustrates distribution sequence of key Applicants in the space of cognitive radios, wherein it 

has been observed that the top 10 Applicants hold around 70% of the patents relating to smart and 

cognitive radios/antennas technologies, wherein the key Applicants include ZTE (16%), Qualcomm 

(14%), Broadcom (9%), NEC (7%), ETRI (4%), Korea Electronics (5%), Huawei Technology (4%), 

Ericsson (4%), Samsung (4%), and Alcatel Lucent (3%). These patents typically disclose use of design and 

optimization of smart and cognitive radios/antennas for wireless data transfer at higher speed using the 

unutilized infrastructure.  
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Exhibit-11 

4.4.3 Technology Relating to Deployment/ Design of MIMO, Massive Distributed MIMO and Large 

Scale Multiple Antenna  

In radio communication, multiple-input and multiple-output (MIMO) technology uses a plurality of 

antennas at transmitter and at receiver end to improve communication quality and/ or to achieve higher 

quality of service (QOS). MIMO technology is becoming famous for wireless radio communications and 

has been widely incorporated in current wireless broadband standards such as 3G, LTE and Wi-Fi etc. It is 

to be appreciated that, in a typical architecture, higher the number of transceiversper communication 

device, higher are the possible signal paths, and therefore better is the performance in terms of data rate 

and link reliability.  With better MIMO technology, number of radios per base station can be increased and 

hence the cost of infrastructure development and maintenance can be reduced.  

In order to further improve communication and increase data rate, a new technology referred to as 

Ȱ-ÁÓÓÉÖÅ -)-/ȱ ÈÁÓ ÂÅÅÎ ÉÎÃÏÒÐÏÒÁÔÅÄȟ which makes a clean break from current practices by use of a 

very large number of service antennas that are operated fully coherently and adaptively. Extra antennas 

help by focusing the transmission and reception of signal energy into smaller regions or spaces, which 

brings tremendous improvements in data throughput and energy efficiency when combined with 

simultaneous scheduling of a large number of user terminals. Massive MIMO was originally envisioned for 

time division duplex (TDD) operation, but can potentially be applied in frequency division duplex (FDD) 

based communications systems also. 

Other benefits of massive MIMO include, but are not limited to, extensive use of inexpensive low-power 

components, reduced latency, simplification of media access control (MAC) layer, and robustness to 

interference and intentional jamming. These benefits make massive MIMO a strong potential candidate  

technology for fifth generation wireless communication. Massive MIMO is an exciting area of 5G wireless 

broadband research community. For next-generation wireless data networks, it promises significant 




