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Introduction 
1. In a world increasingly dependent on communications – man to man, man to machine and machine to machine, the need for spectrum cannot be overemphasised. We are in the era of a rapid change in the telecom services, not only in terms of reach of voice communication but also in the induction of new technologies and expanding array of applications. Telecommunications will doubtlessly continue to play a vital role in the economic and social sphere. Given that wireless services continue to dominate the telecom sector, the need for spectrum will only grow.

2.    With the development of latest spectrum efficient techniques, it is possible to utilise the available spectrum more efficiently than earlier. At the same time with the development of bandwidth hungry applications and contents, it is necessary that more and more such spectral efficient techniques are developed so that these applications can be utilized within the available spectrum. The penetration of wireless broadband particularly in rural areas will help in development of overall telecom infrastructure and general economic condition. It will also help in bridging the digital divide.
 Background 
3.  The world is currently witnessing a fast technological evolution.  Though over the last decade, mobility has been primarily driven by voice usage and narrow band internet services, the latest networks support a wide range of broadband applications. The 2G wireless networks were primarily designed for voice services and the data throughput was limited. However, with the introduction of third generation networks, users are experiencing true broadband speeds and Mobile operators are already registering notable volumes of data traffic on their networks. As per Ericsson
, mobile data surpassed voice on a global basis in December 2009, and the crossover occurred at approximately 140,000 terabytes per month in both voice and data traffic.  It is estimated that data traffic globally grew 280% during each of the last two years, and is forecast to double annually over the next five years. As per Cisco VNI Forecasts
, globally, mobile data traffic will grow at a compounded annual growth rate (CAGR) of 108 percent between 2009 and 2014 and nearly 66% percent of the world's mobile data traffic will be video by 2014. 
4. The roll out of HSPA+ mobile networks by a number of operators and introduction of smartphones in the market has given a further fillip to the use of data applications by the users. There is a huge surge in the use of smartphones, with computer and Internet capability, that can run a wide range of data applications. With rising volumes and economies of scale, they are becoming more affordable. Studies show that iPhone users are five times more likely to use the mobile Internet than the average mobile consumer. Global sale of smartphones was 172.4 million in 2009 which amounts to a growth of 23.6% over the 2008 sales of smartphones. and 14% of the total mobile sales of about 1.2 billion.  
5. Increasingly, the mobile phone is becoming a converged device to fulfil all communication needs of the user- voice, data, music, entertainment and information. Some of the key applications that appear to be driving mass-market adoption of wireless broadband include mobile video, social networking, enterprise productivity, user-generated content, instant messaging, and location-based services. Users, particularly younger ones, expect the same Internet experience on their mobile devices as that available on desktop systems and vendors are responding. Using next-generation infrastructure enhancements such as IP Multimedia Subsystem (IMS), operators will be able to make data services even more attractive.  Mobile phones are also being put to innovative use in the delivery of health care, education, agriculture, commerce, governance etc. Mobile enabled machine-to-machine technologies are already assisting roll-out of smart grids with efficient power routing, smart buildings which optimise energy use for air conditioning and lighting and traffic management systems to maintain smooth traffic flow and reducing carbon emissions. 

6. The emerging mobile applications are however data intensive. While mobile voice call typically consumes 6 – 13 kbps, enhanced high-speed mobile internet access may consume up to 5 Mbps. The data requirement in some of the applications is given in the table below
:-
Data requirement of various applications

	Database text query
	Up to 1 Mbit/sec

	Digital audio
	1 to 2 Mbits/sec

	Access images
	1 to 8 Mbps

	Compressed video
	2 to 10 Mbps

	Medical transmissions
	Up to 50 Mbps

	Document imaging
	10 to 100 Mbps

	Scientific imaging
	Up to 1 Gbps

	Full-motion video
	1 to 2 Gbps


Table
7. With data applications consuming far more bandwidth than voice and with an increasing number of mobile users engaging in such applications, assignment of additional spectrum is imperative to continue expanding and upgrading the country’s wireless internet and broadband networks. Changing pace of modern lifestyle, economic growth and technical developments, greater device sophistication and new bandwidth hungry applications will continue to drive demand for mobile services and spectrum.
8. There are various wireless technologies available to support bandwidth hungry applications. Some of them have been described below:-
a. High Speed packet evolution (HSPA):
High Speed Packet Access (HSPA) is a collection of two mobile telephony protocols, High Speed Downlink Packet Access (HSDPA) and High Speed Uplink Packet Access (HSUPA), that extends and improves the performance of existing WCDMA protocols.  HSDPA and HSUPA provide increased performance by using improved modulation schemes and by refining the protocols by which handsets and base stations communicate. These improvements lead to a better utilization of the existing radio bandwidth in comparison to by WCDMA. HSPA improves the end-user experience by increasing peak data rates up to 14 Mbit/s in the downlink and 5.8 Mbit/s in the uplink. It also reduces latency and provides up to five times more system capacity in the downlink and up to twice as much system capacity in the uplink, reducing the production cost per bit compared to original WCDMA protocols. HSPA increases peak data rates and capacity in several ways:

· Shared-channel transmission, which results in efficient use of available code and power resources in WCDMA 

· A shorter Transmission Time Interval (TTI), which reduces round-trip time and improves the tracking of fast channel variations 

· Link adaptation, which maximizes channel usage and enables the base station to operate close to maximum cell power 

· Fast scheduling, which prioritizes users with the most favorable channel conditions 

· Fast retransmission and soft-combining, which further increase capacity 

· 16QAM (Quadrature Amplitude Modulation), which yields higher bit-rates .

Many HSPA rollouts can be achieved by a software upgrade to existing 3G networks.

b. HSPA+
Evolved HSPA (known as: HSPA+) is wireless broadband standard defined in 3GPP release 7 and 8 of the WCDMA specification. Evolved HSPA provides data rates up to 42 Mbit/s in the downlink and 11 Mbit/s in the uplink (per 5 MHz carrier) with multiple input, multiple output (MIMO) technologies and higher order (16QAM (Uplink)/ 64QAM (Downlink)) modulation.
c. Long Term Evolution (LTE):
LTE is the latest technology from the 3GGP standards group. LTE RAN (also referred to as Evolved UMTS Terrestrial, Radio Access Network (E-UTRAN)), is expected to substantially improve end-user throughputs, sector capacity and reduce user plane latency, bringing a significantly improved user experience with full and seamless mobility. 
Unlike HSPA (High Speed Packet Access), which was accommodated within the Release 99 UMTS architecture, 3GPP is specified a new Packet Core, the Evolved Packet Core (EPC) network architecture to support the E-UTRAN through a reduction in the number of network elements, simpler functionality, improved redundancy but most importantly allowing for connections and hand-over to other fixed line and wireless access technologies, giving the service providers the ability to deliver a seamless mobility experience.

Thus LTE core EPC, IP Based Evolved Packet Core, allows for connectivity and hand-over to other access technologies, including all 3GPP & 3GPP2 technologies, such as GSM, UMTS, CDMA/EVDO, as well as Wi-Fi or even fixed line broadband services like xDSL, GPON, with the service layer providing the user seamless continuity of services. In a LTE-EPC network, subscribers will have continuous access – that means not having to determine what type or level of connectivity is available. An operator with Wi-Fi networks in airports, can allow for subscribers devices to hand over to the Wi-Fi network if the current macro reception becomes weak; without impacting customer quality or QoS.

· LTE has scalable bandwidth of 20MHz,15MHz,10MHz,5MHz and <5MHz and it supports for both paired and unpaired spectrum. For 20MHz of spectrum, LTE provides downlink peak rates  of 100Mbps and Uplink speed of 50Mbps. It provides mobility support up to 500 kmph but optimized for low speeds from 0 to 15 kmph. LTE has been set for aggressive performance requirements that rely on physical layer technologies, such as, Orthogonal Frequency Division Multiplexing (OFDM), Multiple-Input Multiple-Output (MIMO) systems and Smart Antennas to achieve these targets. OFDM is intrinsically able to handle the most common Radio Frequency (RF) distortions without the need for complex equalization techniques, and scales easily to fit different bandwidth requirements while MIMO increases peak throughput by transmitting and receiving multiple streams of information within the same spectrum. MIMO exploits the multi-path effects typical in wireless environments.

The main objectives of LTE are to minimize the system and User Equipment (UE) complexities, allow flexible spectrum deployment in existing or new frequency spectrum and to enable co-existence with other 3GPP Radio Access Technologies (RATs).
High Definition (HD) video streaming will be possible with LTE, due to increased data rate. The increased uplink data rate of LTE will also enable “Video Blogging”, or the ability to upload video content to social networking sites.  With LTE, users will be able to upload and download high quality videos in real time from anywhere, using their mobile phone or even LTE enable camcorder. HD video streaming on the uplink also has great potential for business users who could for example; use it for transmitting live video of difficult repair tasks to other team members for input. In addition because of LTE’s lower cost per bit, it also makes a number of typically gigabyte hungry applications, cost effective and viable to use in a mobile environment. Users with LTE will be able to keep all devices continually (and effortlessly) synchronized. So, for example, snapshots taken on an LTE enabled digital camera or mobile phone will automatically be synchronized with and backed up on their home computer and made available to view through their IPTV set top box. Another example might be that a document that is saved at work on a desktop computer will be available, seconds later, just as last saved, on the PDA or other device. Real-time online gaming, popular on the home PC today, will be a reality anywhere  due to the low latency inherent in LTE.  
Discussion topics (and subtopics) : 

Challenges due to Future technologies described above 

9. Technological progress has continually opened doors to a variety of new spectrum applications that have spurred greater interest in, and demand for, the limited spectrum resource. Increased demand requires that spectrum be used efficiently and that effective spectrum management processes be implemented. Modern data handling capabilities and engineering analysis are important to accommodate the variety of potential users seeking access to the spectrum. The fundamental building blocks of regulating access to radio spectrum have remained essentially the same during the hundred-year history of radio. Spectrum blocks are allocated, through international agreement, to broadly defined services. National regulatory authorities then assign licences for use of specific frequencies within these allocations within their jurisdictions. The effectiveness of a spectrum management system is in general, related to how well the system meets the national needs and how well it is able to safeguard the interests of the public in the accommodation of radio users including commercial service providers for making them available adequate spectrum for the future technologies. 
The past decade has witnessed an impressive growth in wireless telecommunications. This has been possible largely due to the policy and regulatory framework, the efforts of the entrepreneurs and the ready support given by the populace that in turn benefited handsomely from the communication explosion. However, the progress in communication technologies has brought challenges too. The challenges are compounded by the increasingly varied demands for radio spectrum because of:-
1. the desire to transmit a larger quantity and a greater variety of information;

2. the need for more diverse types of communications systems to meet specialized needs (for example, for space exploration);

3. the falling costs and increased functionality of electronic equipment that make radio communications more attractive;

4. the rapid overall changes in the technology and the marketplace;

5. the desire to increase competition with incumbent wireline and wireless providers;

6. the wider recognition of the potential value of radio licenses; and

7. the pressures to reduce, or at least contain, increases in the costs of administering the process.

The main challenges faced due to spectrum management are:-
· Spectrum management planning, allocation, allotment and regulations of frequency bands:
With the increasing demand of spectrum the challenge is in terms of allocation of frequency bands to the various radio services, for specific uses. When there are competing interests for spectrum use, it is necessary to determine the use or uses that would best serve the public and government interest, including how to share spectrum. Another challenge is to tackle the transmissions interference unless the user frequencies are sufficiently separated in terms of frequency, geography or time. 
This includes co-ordination with neighbouring countries, to mitigate the extent of harmful interference. There is a need to strike a balance between reducing the extent of harmful interference, through careful planning, and enabling new and potentially valuable new services to enter the market.

· Frequency assignment and licensing (including non-licence allocations);

Traditional methods of assignment/licensing of the spectrum based on beauty contest(comparative hearings), lotteries, administrative methods etc. poses many challenges in terms of time, technological progress and the delivery of services, thus causing inefficient utilization of this precious resource. In the changing circumstances where the tremendous demand of radio spectrum has led to the many challenges, it is necessary to assign spectrum to those who value it the most and are able to utilize rationally and efficiently.  
· Investment in equipment:
Most radio equipment can operate over only a limited range of frequencies, and so relies on predictable access over time to defined frequency bands. Stability in spectrum to encourage investment in equipment can slow the pace of spectrum re-use. Increasingly, technical specifications are determined internationally to reap economies of scale in production. There is a need to balance stability and international harmonization with responsiveness to new technologies.
· Responsive to change:

As mentioned earlier, the developments in technology over the last century have opened up the range of useable radio spectrum, so enabling ever-greater access to new allocations and assignments. While demand from consumers, businesses and public services for wireless communications kept pace with this increased supply over much of the twentieth century, the regulatory regime has so far proved sufficiently flexible to cope. But with a sharp acceleration in demand in recent years, change in the market place is outpacing the ability of the national and international regulatory regime to respond. It requires to devise procedures to ration current and future demand for radio spectrum between competing commercial and public service users. To do so centrally, would require a detailed knowledge of supply and demand trends, technology developments, and the relative value to society of alternative services. This represents a mammoth central planning task, which is include accumulation and assimilation of sufficient information to make a correct assignment of spectrum to optimise use over time.

10. Summary and Conclusions

With the pace of technology march, SATRC countries need to tackle the challenges posed by the new technologies. In India, the TRAI recently has reviewed the existing allocation, pricing, and other aspects of spectrum management and has given various recommendations to the Government for spectrum management and licensing framework in the changing scenario.  
__________________
�   Mobile data traffic surpasses: Ericsson press report 23 March 2010





�      http://www9.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html


� http://www.linktionary.com/b/bandwidth.html
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