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1. Executive Summary

Fast adaptation of telecommunication technologies and services by different sects of society, and parallel
development of advancel technologies at hardware and software level are key drivers behind the
success othe telecom industry,which has come a long way fronthe first generation cellular technology
Ol OEA DOAOAT O A AUGKlulZEeChodnBy. ASVd akeQriodrig ifrdm the world of
Onternet for Peopl A6  Olhterr®tEoATE @ 1 ,@vlich aims to connect 50 billion uses and devices
around the world by 2020, next generationcellular technologies that can provide ultrahigh bandwidth,
ultra-high data rate, zeo latency, high speed mobilityand high energy efficiencyare foreseentechnology
pioneers are workingon v 8 @elBeration (5G) cellular technologesthat meet requirements of the next
generation wireless devices and this studyprovides an overview am the 5G platform as to how different
stakeholdersare gearing up toward the next generationcellular technology. The report further tries to
offer a broad level analysis/overview of their existing patent holdingsand attempts tobring light to how
telecom operators around the world are setting upand/ 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 usetheir competitive strength to become a prominentstakeholdersin

this domain.
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2. Study Overview

As more and more devices arediting connected and reliance ometwork communication is increasingin

an unprecedented manner, data traffiavould continue to increaseover time. v & @elieration 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 needto 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 mobilityymax 10 millisecond
switching time).There will be requirement of high density installation of wireless access pointotprovide
connectivity to these increasing numbes of users/devices that may createhighlydense 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 technolagy with a focus onthe Indian market A competitive analyss of the
cellular operator and technology provider with respect to Indian markethas been conductedto provide

an overview on competitioni £ 2 Al E,Ard Asfowrt cBnipétive advantages being a major player in
the 4G cellular operation andnfrastructure 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 organization©EM
companies, network opeators and infrastructure providers are preparingthemselvesfor this technology.

A close technology analysis abeen conducted on patents filed by differenstakeholders, which will
contribute in realizing fifth generation cellular technology. Technology analysis has been conducted for
5G candidate technologies such @8 Mwave4 AAET 111 cU6 OEAO OAAOOAOG A AOQI
the 30-300 GHz in band frequencyand controls a short frequency to amfify transmission capabilities,
Oarge Scée Multipl e Antennaand MIMGD 4 A A Ethdit dchiie@ed high transmission speeds and energy
effectiveness by installing hundreds to thousadls of antennas in base statiods Celfreation and
Management4 A A E T T thai ngakimizes information transmission capaities by increasing densities of
small cells that transmit information,03 I AOG CATEAOE O A andiothek fedhrblBgies than enable
high bandwidth, high data mate, zero latency, zero down time, high speed mobiliignd energy
optimization of network devices.

Exhibit-1 below represents major companieghat are actively involved in Research andDevelopment of
5G technology and have filed patents that may be relevant for 3amework. As can be seen, Qualcomm,
as was ao 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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Distribution of Patent Activity by Major 5G Technology Players
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Exhibit-1

Exhibit-2 below represenskey focusareasof the 5Genabling technologies:

Major Technology Focus Areas for 5G

COGNITIVE RADIO
TECHNOLOGY
4%

MMWAVE
5%

MASSIVE MIMO
29%

MOBILITY
3%

CELL SIZE
9%

WIDE BAND
40%

Exhibit-2
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3. Research Methodology

The present study has been conductedior 5G enabling technologiesand to understand the
challenges/solutions ofthe fifth generation network that need attention of network operators.Following
pointers give a very highlevel research methodology that has been followed/incorporated while

conducting the present study:

3.1 Step Taken

N
AStudy of Cellular Technology Evolution
i J
~
Aldentiying Key Requirements of 5G
2
J
N

Aldentification of Technology Candidates for 5G

AStudy of Intiatives taken by Standard Making Agencies and
Government Agencies

Aldentification of Major/Active Players

J
N
A Analysis of Patents Relevant for 5G Realization
2 J
N
A Analysis and Presentation of Challenges for Service Providers/Network
Operators
€ J
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3.2 Assumption

Present study has been conducted with respect to multiple perspectives with an earnesttempt to
showcase the key technology candidasffor 5G. In the limited time of around one week, we have focused
on identification of key technology candidates, activitiesof standard making agencies and Government
agencies,conducting patent Searching &nalysis, and have tried to bring out various perspectives of
deployment challenges and technology developmentThe basic assumptioror qualification of

technologiedo be used in 5Gncludes:

3.3 Data Sources

The study was primarily carried out usingQuestetOrbit, 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, Patemink, and Thomson Innovation to alidate the records andresults
received and also to conduct various different string selehes to evaluate abovementioned 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-edbstracted from the original text of the patent
document into a standard format. In addion, 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 dataieved
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:

1 US Patent Classification

1  Cooperative Patent Classification (CPC)
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1 International Patent Classification (IPC)
1 Japanese File Index (FI) and F Terms
I FamPat Classification (editorially applied)
The database provides comprehensive global coverage back far enough in time for accurate descriptions

of the landscape. However th@resent 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 overtime. 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. Furthermeg
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 wellresearch 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:

E ) AAT OEEUET ¢ AT A Al OOkA&OFEBgveisls1.BEN OAOEAOQOEI T O

E )AAT OEAUET ¢ 1 EEAIT U A A bsAdisthé @rites thei hareM@Qt@A CA OF
performing research on name variants for definitive identification

E | CCOACAOET C ETixI EEOOI OEAAI [ AOCAOO AT A AAR
Additionally, these methods provide a good method for minimizing the number of records that are not yet

associated with an organizatiorg e.g. unassigned US patent applications.

3.5 Search String Creation

The creation of search string was performedteratively ,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 assignese
amended as appropriate. Furthemore, 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 procesis repeated until revisionsyield only minor variations

in results, & 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 connectingtize Internet andto @1 OA OT A0 thamminBEET (

at connecing more than 50 billion users/devices, necessity of next generation technology is foreseen by
the industry. A future reality expects an exponential growth inthe number of mobile uses, connected
homes, connected offics, smart grids,smart home appliances, next generation health care systems, smart
transports, machine to machine interactios, vehicle to vehicle communicatios, smart sensors, smart
tools and other connected devicethat are expected to transfer data that is 1000 timegaster/higher than
the present data traffic being handledy the cellular communication.

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

41x1,000  ;247Billion 07 Trillion  Q 90% 8, 0Latency

SIHISION

increasing wireless capacity connecting connecting saving 90% energy perceiving zero downtime
1,000 times 7 billion people 7 trillion “things”
Exhibit-3

As thetechnology leaders around the world are trying to connect entire humanity overinternet that is
expected to plug 7 billion peoplewith over 7 trillion things through Internet, Exhibit-3 aboveillustrates
exemplary requirements of the next generation network (5G) thatshould havea capacity that is 1000
times higher than the present capacityln order to achieve such capadty, ultra-high bandwidth and ultra
high data rate will be required that can transfer such a huge volume of data with zero latendyring high
mobility .The next generation wikless technologiesand devices also needto be energy efficientso as to
make sure that theincreasingnumber of devices dé\ O ladvésely impact the global ecesystem.

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

quick look at the evolution of wireless technologiesover the years

4.1Evolution o f Wireless Technologies

Wireless technology has come a long way from analog communication systems to digital communication
systemwhich can comect users and devices for peetto-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 schemesThis
secton of the report mentions, in short, the evolution of wireless and cellular systems bad on these four

main key aspects, namelyadio access, data rates, bandwidtfand switching schemes.
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Exhibit-4 below represents a highlevel graphical representation of different generations of wireless

technology, their evolution time, data rateand standards.

EVOLUTION

802.11ac - The standard for 5G WiFi

802.11ac Gigabit Speeds

6 I

802.11n 600 Mbps
802.11g/a 54 Mbps
802.11b 11 Mbps
802.11 2 Mbps 4th Generation
3rd Generation
2nd Generation
1st Generation

1997 - 1998 1999 - 2001 2002 - 2006 2007 - 2011 Today!

Exhibit-4

4.1.1 First Generation Systems (1G)
First generation wireless systems (1G)wvas 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 824894 MHz. 1G was based on a Advance Mobile Phone Service (AMPS)
technologyandwasbET T AAOAA £ O OT EAA OAOOGEAA ET AAOI U pwy:

4.1.2 Second Generation Systems (2G)

Second generation systems (2G) transitioned from analog communication system to digital
AT T 1 O01T EAACET T OUOO Ard is At hérmogt usedwddlesspata @omiication system
in different parts of the world. The second generation wireless technology was based on GSM standards
and provides data services (e.g. SMS;mail, web browsing etc.)in addition to regular voice service 2G
usestwo digital modulation schemesnamelytime division multiple access (TDMA) and the code division
multiple access (CDMA) anaperates infrequency bandof 850-1900 MHz. In 2G, GSM technology uses
eight channels per carrier with a gross data rate of 22.8 kbps (a neate of 13 kbps) in the full rate
channel and a frame of 4 milliseconds (ms) durationFew of themain benefits of 2G networks overtheir
counterpart 1Gnetworks include their capability to digitally encrypt phone conversationsbeing efficient
on the spedrum by allowing far greater mobile phone penetration levelsand ability to provide data
services for mobile starting with SMS text message, and multimedia services. Though B&s its
successos, it is still the mostwidely used wireless technology in degloping countries, which would take

time to build up the necessaryinfrastructure for 3G, much talked about 4Gand 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 somedelay in infrastructuredevelopment and spectrum licensing.
Countries such asIndia and China with massive populatiorare still building up infrastructure to provide
3G connectivity across the nation3G platformis basically based on a set of standards used for mobile
devices and mobile telecommunications services and networks thabmply with the International Mobile
Telecommunications2000 (IMT-2000) specifications set by the International Telecommunication Union
(ITU). The main features of 3Gechnology include wireless webbasal access, multimedia services, email,
and video conérencing. The 3G WCDMA air interface standard had been designed fd@lways-ond
packetbasedwireless services that allow computers, entertainment devices and telephonesto share a
common wirelessnetwork and be connectedto Internet anytime, anywhere.3G systems offer highdata
rates of up to 2 Mbps, over5 MHz channel carrier width depending on mobility/velocity, and high
spectrum efficiency. 3G communication works on frequency band of 1.82.5 GHz and provide data rate
of upto 2 MbpsIn a broad esimation, there are almost 8,000 standard ssential patents (FRAND) relating
to the 483 technical specificationghat form the 3GPP and 3GPP2 standards. In a high level analysis, it is
observed that top 12 companies/assignees accounted in 2004 for 90% ofetpatents in this technology
segment which include Qualcomm, Ericsson, Nokia, Motorola, Philips, NTT DoCoMo, Siemens, Mitsubishi,
Fujitsu, Hitachi, InterDigital, and Matsushita. Apart fronthe standard esential patents disclosed by these
companies, thereare numerous other patents that have not beendeclared by some of these companies.
For instance, it has been noted that the patent portfolio oNortel and Lucent indicates a long list of

patents that may beheld standard essential.

4.1.4 Fourth Generation Systems (4G)

4Gwireless communicationsystemsalso referredto as LTEform part of the recent standard for wireless
packet data transmission that provide faster data rate and connects people and devices toternet. 4G
standard was designed tobe used for anytime anywhere access/transfer of data by users/devices to
provide a comprehensive and secure IP based lstion where facilities such as voice, streamed
multimedia and data will be provided to usergdevice at much higher data rates conpared 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) 4Gservices are providedt frequency bands of 28 GHzand can
support data rates from 2Mbps to 1 Gbps. 4G networkss required for high speed application suchas
wireless broadband access, Multimedia Messaging Service (MMS$hobile TV, HDTV content transfer,
Digital Video Broadcasting (DVB), video chat and live steaming. There are several techology
advancemens such as MIMQ smart antennasgcognitive antennas among othes that are taking place to
support better data rate, and provide mobility with good data rate. These advancementsan be

categorizedas LTE advanceechnologies andwill be inducted in next version 4G standardsThough the
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4G standard is designed to cater the present and near future wireless network requiremeniswill not be
adequate to support 50 billion users/devices thatare 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 usualoice and other services of 3G, provides mobile broadband Internet
access, for example tdaptops with wireless modems, to smart phones, and to othgrortable devices.
Potential and current applications includemobile web access, IP telephony, gaming sees, 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 isattempted 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 $ectrum

Reliance needs no introduction, and in sum, is hegdartered in Mumbaiand is a leading organization in
the domain of telecommunication. Previously known as Infotel Broadbandvhich is now subsidiary of
Reliance Industries Ltd, the broadband service provideris 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 Rs12,848 crores ($2.7 billion) in 2010, and soonthereafter, Reliancelndustrial bought
95%of its stake for 4800 croresand marked its entryin telecommunication domain and became theonly

company who havereceived4Gspectrum for all the circles.

4G Spectrum Competi tors
Below illustrated Table-2 represents companiesthatwon the 4G spectrum inthe auction held bythe Govt

of India in 2010, with Reliance Jideing theonly company acquiring PAN India.
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Table 27 4G Spectrum Allocation in India

e o

Company Total Circles Won

Infotel (Reliance jio) 22
Aircel 8
Tikona 5

Bharti Airtel 4
Qualcomm 4

4

Augere

Reliance Jio Activities

After successfully acquiringlnfotel and havingi AAA- EO8 O DOAOAT A AReliankddiOnbw E 1
aggressively planningto launch 4G servics with the help of its partners. As mandated bythe Govt.,the
Company needs tdaunch its services in 90% of circles allocatedhereto by the year 2015, wherein
Reliance Jio has announced launch of 4G serviceselected areas by eayl 2015.The ©ompany has also
rolled out deals/agreements with several companies including Relianc€ommunication, Bharti Airtel,
American Tower, Tower vision Ascend Telecomeamong others for building/sharing of their
infrastructure for 4G services. Throughthese various agreemerg,Reliance Jionow has access to about
1,92,500 towers across India.

Recently, Ericsson hasalso signeda deal with Reliance for providing 3 years operatioal 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.
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RCOM Ltd for sharing extensive inter-city optic
fiber infrastructure & Airtel to utilise i2i submarine
cable

Airtel to share infrastructure
Viom Networks for utilizing 42K towers
ATC India for utilizing 11K towers

Tower Vision for utilizing 8.4K towers

Ascend Telecom for utilizing more than 4.5K
towers & Indus Tower for sharing infrastucture

BSNL for tower sharing & Videocon Telecome for
Sharing infrastructure

Exhibit-o 2 AT EAT AA *Ei 80 )1 £AOAOOOOAODOOA OAOC

4.2 Introduction of 5G

Though not specified by any standardization body, the fifth generation wireless technology can be
broadly defined asa packet switched wireless system with wide area coverage and high throbgut that
addressesthe challengesfaced bydG/LTE and IMT technologyand can meet the requirement obver 50
billion wireless devices beyond 2020through:

- Ultra High Bandwidth : 1000 times higher wireless capacitywhen comparedwith 2010 capacity

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

- Zero Latency: Less than 10 milliseconds of downtime

- High Speed Mobility - 1 Gbps data rate in high mobilityand more than 1 Gbps data rate in low

mobility with less than 10 millisecond of switching time
- High Energy Efficiency :Having up to 90% d energy per service provided

- High Security : Provide network level security and better user controlled privacy
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higher mobile higher number of typical end-user lower latency longer battery life
data volumes connected devices data rates for low-power devices

EE
g

Develop a concept for future mobile and wireless communications system 1
that supports the connected information society ]

Exhibit-6

5G technologies will use CDMADMA and millimeter wireless technologies which would enable data
transfer at greater than1Gbpsat high mobility, and higher than 10 Gbps at low mobility. High security

can be achieved by better cognitive radios/ software defined radios/ SDR securitiMachinetype
communication will be one of the bigger changes in 5G networks, with everything rangirfgpom bike,

EAI T AOOh xAOAO OUOOAI Oh ET OOA AN OEeenhobohy@ipéts d&d disd OT E
saying that 5G will not be a single spectrum or switching techniquéut would instead be a network that

will depend on different frequency bards andwill carry information at different speeds, and have very
different propagation characteristicsTherefore, the same device may be ged at a high-speed uplink
bandas well as atthe low-speed downlink band or vice versa.Exhibit-7 representsdifferent types of

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

applications based on the&sG-technology platform.

4 A
w/oice Calls w/oice Calls
wVideo Calls
Tier3
Metro
Cities
-
J
4 N\
wVehicle to Vehicle )
wMachine to Machine u)/plce Calls
wE=Health/ETransport wideo Calls
uBSmart Home/Gaming/Virtual «Smart Home
Reality/Wireless Cloud Office uHealthcare
4

\(A/ideoNoice Calls
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Exhibit-7

q A s/‘

4.3 Comparison of Different Generation s of Wireless Technology

Before going in detailsof 5G enabling/candidate technologiesbelow Table-3provides a quick comparison

of existing third generation and fourth generation wireless technologies and their capacitiewith those of

the upcoming fifth generation wireless technologies.

Technology/Features

Data Bandwidth

Frequency Band

Standards

Technology

Services

Multiple Access
Core Network

Definition

Hand off
Start from

Confidential

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

3G
2 Mbps

1.8-2.5 GHz

WCDMA

CDMA200

TD-SCDMA

Broad bandwidth
CDMA IP Technology

Integrated high
quality audio, video
and data

CDMA
Packet Network

Digital Broadband
packet data

Horizontal
2001

4G
2 Mbps-1 Gbps

2-8 GHz

All access
convergence
Including- OFMDA,
MCCDMA Network
Unified IP and
Seamless
combination of
broadband
LAN/WAN/ PAN and
WLAN

Wi-Max, LTE, WiFi
Dynamic information
access, wearable
devices, HD
streaming, global
roaming

CDMA

All IP Network

Digital broadband,
packet data, All IP

Horizontal & Vertical
2010

5G
1 Gbpsé& Higher

3-300 GHz

CDMA & BDMA

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

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

WWWW

Dynamic information access,
wearable devices, HD
streaming, upcoming all
technologies, global roaming
smoothly
CDMA and BDMA
Flatter IP Network & 5G
network interfacing (5G-NI)
Digital Broadband, packet
data , ALL IP very high
throughput
Horizontal and Vertical
2015
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Table-4represents different releases of3GPP for diferent generations of communication technologies.
Release 10 and onwardhas been used as standard for 4G networks, and it is expected that any Release

from 13 onwards would relate to 5G technologes. Currently, sudy on Release 13 and 14 isroprogress

andit is expectedthat the releases would be completed i2015.

Table-4
Rel-8 Rel-9 Rel-11 Rel-12
Dec-2008 Dec-2009 : Dec-2012 Dec-2014
Single Carrier Single Carrier Multiple Multiple Carrier Multiple Carrier
Upto 20 MHz Upto 20 MHz Carrier Multiple Bands Multiple Bands
Upto 100 Up to 100 MHz Up to 100 MHz
MHz
DL: 100 Mbps DL: 100 Mbps DL: 1 Gbps DL: 1 Gbps DL: 1 Gbps
UP: 50 Mbps UP: 50 Mbps UP: 30 Mbps UP: 500 Mbps UP: 500 Mbps
DL: 4x4 Antennas DL: 4x4 Antennas DL: 8x8 DL: 8x8 Antennas DL: 8x8 Antennas
UL: 1Antennas UL: 2Antennas Antennas UL: 4 Antennas UL: 4 Antennas
UL: 4 Antennas
No multi-hop Fixed Relays Fixed Relays Fixed Relays Mobile Relays
Supported Supported, Supported/Multiple  Supported/Device
Heterogeneous BS to Mobile to Device
Networks Transmission Communication

4.4 Fifth Generation (5G) Candidate Technolog ies

The fifth generation wireless technology requires ultra high bandwidthhaving 1000 times higher
capacity, ultra high data date, zero latency, high speed mobility and high energy optimizatitrat can be
enabled with new evolving technologies. Patent and Noipatent literatures have been surveyed and
studyhas been performed tounderstand the 5G candidatdechnologies thatcan enable next generation
wireless communication. The candidate technologies thatwill enabléfth generation wireless can be

broadly classified into below categories.
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\N
‘ Technology relating to Millimetre wave or MMWave
3

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)

|
[
A

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

Bean Division Multiple Access (BDMA)

\‘
N

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 accesa ssiitable
and viable option that can be adopted for 5G communication. The underutilized spectrum in the
millimeter -wave range frequency band€an be used to achievéens 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 Gigakttz
(GHz)-300 GHz.

According to the definition provided by the International Telecommunications Union (ITU), these
frequenciedn the range of 3 GH80 GHare also referred to as Extremely High Frequency (EHF) basd
These radio waves exhibit unique propagation characteristicayherein, for instance, when compared
with lower frequency radio waves, mmWaves suffer higher propagation loss due to water vapor and
oxygen absorptionand have a poorer ability to penetrate olpects, such as buildings, walls, foliage, and are
more susceptible to other atmosphericdisturbance 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 thiact 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 highgain antenna in small form factor, which can provide densely packed
communication links for more effident spectrum reuse, andbetter privacy and security during
communication. The mmWavespectrum has been less utlized die 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 spectrumis available in the mmWavebandwherein, in an
instance, frequencies around 60 GHthat are typically referred to as the 60 GHz band are available as
unlicensed spectum in most countries. In theUS 7 GHz of spectrum around 60 GHz (i.e., 57 G6&#% GHz)

is allocated for unlicensed use. On Odt6, 2003, the Federal Communications Commission (FCC) issued a
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Report and Order that allocated 12.9 GHz of spectrum for highensity fixed wireless services in the
United States (i.e., 74/6 GHz, 8186 GHz, and 9285 GHz excluding 94.84.1 GHz for Federal
Government use). The frequency allocation in #X6 GHz, 8186 GHz, and 9205 GHz are collectively
referred to as the Eband. The frequency allocation in the Eband is the largest spectrum allocation ever
by the FCC as it is 50 times larger than the entire cellular spectruim other countries also,spectrum
around 60 GHz is available for unlicensed use.

Though in past several canpanies have usedvVimWavefor wireless communication using component
electronics that can achieve a Giga bits per secondl§fis) data rate, these technologied AT 8 O AA 0O
end user mobile communication asthey are costly and complex in design andmplementation. For
instance, Asymatos Incorporated developed ammWavecommunication 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-Band), 94
GHz (WBand), 70/80 GHz (EBand), and 35 GHz (K#&and). 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 twefoot antenna to achieve the atenna 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 shortrange wireless communication. A few companies and industrial consortiums have
developed technologés and sandards to transmit data at a 8ps rate using the unlicensed 60 GHz band

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

Overview of Patent Activity

Advancement of any technology can be better reflead by indicating the patent fling activity and
research focus by the industry leadersWe were able to analyzearound 364 patents filed in the United
States Patent Office and WIPO by top industry leaders in the field of nivave technology.Exhibit-8
illustrates the distribution of focus areas of the anlyzed set of patens, 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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Focus area of mmWave Technolo

Others

Tunable Phase Shifter

Transmission Scheme

Power Control

Noise cancellation

Handover of a wireless beamformed link
Establishing mmwave radio communication
Design of mmwave radio/antenna

Communication controller

Channel estimation
Antenna Steering

mmwave capable Antenna Array

Resource allocation

Exhibit-8

Major Players

Exhibit-9 illustrates the distribution sequence of key Applicants in the space of mmWave Technology. It
has beenobserved that the top 10 Applicants hold around 75% of the patentsrelating to mmwave
technology domain, wherein the key Applicants includeSony (14%), Intel (14%), Broadcom (12%),
Samsung (10%), IBM (8%), Qualcomm &), Electronics and Telecommunication Research Institute
(ETRI) (3%), Samsung (3%), Korea Electronics (2%), and Samsung Thales (2%)ese patenstypically

discloseuse of mmWave for wirelesglata transfer at higher speed using the unutilized infrastructure.
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Assignee Distribution of mmWave Technology

SONY
14%

SAMSUNG THALES
2%

KOREA ELECTRONICS
TELECOM

3%
BROADCOM

SAMSUNG ELECTRO 12%

MECHANICS
4%

QUALCOMM

6% SAMSUNG ELECTONICS
8% 10%

Exhibit-9

4.4.2 Technology Relating to Smart and Cognitive Radios/ Antenna s

Smart, @gnitive and software defined radiosinclude radios that can be programmed and configured in
real-time, and can automatically use best available channels and frequency spectruiiey can change
their transmission and reception parametes dynamically in accordance with theavailability of channels
and can allow multiple concurrent wireless communication usig different channels. These smart and
cognitive radios can changeheir DPAOAT AOAOO OOAE AO OxAOAAEI Oi 6h ODPO
networking parameters.

These smart and cognitive radios/antennas are self aware and continuously monitdhe environment
around them, and can automatically changetheir transmission/reception parameters accordingly.
Adaptability to operate at different channek and useof thebest available channels and frequenciemake
such radiosa strong candidate technology forthe next generation wireless communication.

Base stations and access terminals can be configured to haseftware defined radics (SDR)that have
benefits of high processing power to develop multiband multi-standard base statios and terminals. ©r
examplein order to increasethe network capacity at a specific tims (e.g. During festivals or evenfsan
operator canreconfigure its network by adding several modems at a given base transceiver station(BTS).
In the context of the &pected 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 evolvingtechnologies. A novel solution that ensures interoperability between
several types of wireless access network is given by developing IEEE 802.21standasdherein the heart

of the 802.21 framework is the Media Indepadent Handover Function (MIHF) that isresponsible 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 netwds.

Overview of Patents Activity

We were able to analyzearound 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 othe analyzed set of paterd, which demonstrates that most of the active players are focusing

on interference avoidance, followed byroblems relating to channel adjustment and designs for software
defined radios.

Smart and Cognitive Radio/Antenr

Interference Avoidence

Software Defined Radios

Cognitive Radios

Channel Adjustment |
|

0 20 40 60 80 100

Exhibit-10

Major Players

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

has beenobserved thatthe top 10 Applicants hold around 70% of the patentsrelating to smart and

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

(14%), Broadcom @%), NEC (7%), ETRI (4%), Korea Electroncs (5%), Huawei Technology (4%,)

Ericsson (4%),Samsung 4%), and Alcatel Lucent (3%).Thesepatents typically discloseuse ofdesign and

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

unutilized infrastructure.
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Assignee Distribution for Smart and Cognitive Radio/Antenna Technology

OTHERS ZTE
30% 16%

QUALCOMM
14%

ALCATEL LUCENT
3%

HUAWEI TECHNOLOGIES
4%
ELECTRONIC AND
TELECOMMUNICATION KOREA ELECTRONINS
INSTITUTE ERICSSON SAMSUNG ELECTRONICS TELECOM
4% 4% 4% 5%

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 usesa plurality of
antennas at transmitter and at receiver end to improve communication qualitand/or to achieve higher
guality of service (QOS). MIMO technology is becoming famous for wireless radio communications and
has been widely incorporated in current wireless broadband standardsuch as3G, LTE and WFi etc.lt is
to be appreciated that, in a\pical architecture, higher the number of transceiversper communication
device, higher are thepossible signal pathsand therefore better is the performancen terms of data rate
and link reliability. With better MIMO technology, number of radios per basstation can be increased and
hence the cost of infrastructure development and maintenance can be reduced.

In order to further improve communication and increase data ratea new technologyreferred to as
O- AOGOGEOGA -) -1/ 06 E A OwhidhAndKes a EléaA bréab froth A@rdnA practicesby use of a
very large number of service antennas that are operated fully coherently and adaptivelgxtra antennas
help by focusing the transmission and reception of signal energy into smaller regions or spacevhich
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 beapplied in frequency division duplex (FDD)
based communications systems also.

Other benefits of massive MIMO includebut are not limited to,extensive use of inexpensive lowpower
components, reduced latency, simplification of media access control (MAG)yér, and robustness to
interference and intentional jamming.These benefitsmake massive MIMO &trong potential candidate
technology for fifth generation wireless communicationMassive MIMO is an exciting area of 5G wireless

broadband research community. For nexgeneration wireless data networks, it promises significant
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