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1. Introduction
Frequency spectrum is a scarce resource and therefore it is vital for the policy makers to ensure its efficient utilization. The human life is increasing dependent on activities which are enabled by frequency spectrum.  The demand of this scarce resource is on rise in most of the countries. This paper is aimed at framing the recommendations to ensure frequency spectrum is optimally utilized in SATRC member countries. 

2. Long Term Spectrum Planning

In order to optimize the frequency spectrum utilization, it is vital to carry out a long term spectrum planning. Through this step, the regulators are able to allocate the right amount of spectrum to suitable technologies ensuring positive effects on national economies and lives of citizens. Relying only on the short term planning does not serve the purpose because the technology change is rapid and therefore we need to predict the future through technological trends analysis, R&D landscape and survey reports. Spectrum planning forms one of the important constituents of spectrum management. The management of the radiofrequency spectrum is undergoing major changes due to increase in demand for productive use. The national spectrum management process needs to accommodate this change. This needs to a review of spectrum management tools and related procedures. Additionally the consultation process needs to be enhanced to know view point of industry and their future plans. Just sticking to the conventional process of command & control will not serve the purpose.

2.1  Spectrum Requirements

The knowledge of all present and future spectrum requirements may be laid in advance. As per ACMA
, the following factors need to be considered in this regard:

· International developments 

· International markets

· Accelerating pace of change
· Customer demand for high data rate applications

· Government demand for spectrum

· Environmental factors
· Frequency-dependent propagation characteristics
· Competition

· Access to broadband

There are two approaches which could be adopted to better estimate the spectrum requirements of various users. These approaches are:

2.1.1 Consultative Approach: 

First method is based on a consultative process with concerned/potential users of spectrum. According to ITU report
:

“The consultative approach is based on the premise that spectrum planners can, through collaborative proceedings involving spectrum users, service providers, and equipment manufacturers, arrive at a reasonably accurate and cost effective determination of long-term spectrum requirements and use. Thus, it takes into consideration analytical and intuitive inputs from the spectrum community, placing the weight of responsibility for much of the analysis and forecasting on those who have the most at stake. The detail given to the analysis of factors is up to the user community. Given the rapid change of the radio communications industry and the limited resources available to national spectrum managers, such an approach often represents the best, cost-effective option for spectrum planner. The underlying principle of the consultative process is that the users, service providers, and manufacturers are the ones best able to evaluate their spectrum activities. Because they operate businesses or fulfill a government function, they must be able to evaluate their needs, costs, and user demands or they will not be successful in their businesses or professions. Therefore, the societal and economic factors must be considered and identified by the participants in stating their requirements.” 

This process need to be complemented with:

· The responses need to be correlated with actual usage/demand trend analysis. 

· Meetings with stakeholders to share the responses and get further information.

· Finalization of report

· At the end of this process, the frequency allocation table needs modifications based on above mentioned analysis.

2.1.2 Analytical Process

According to ITU report 
 the analytical process has the following steps:

Step 1:
A thorough analysis of the current situation;

Step 2:
Reasonable assumptions made with respect to factors;

Step 3:
Development of three possible scenarios


–
One reliable scenario indicating all elements of uncertainty and their underlying reasons,


–
Two further scenarios which focus on the most significant factors of uncertainty;

Step 4:
Assessment of scenarios


–
The three scenarios are assessed for completeness, validity of the factors and their individual risks, benefits and priorities;

Step 5:
Presentation of a set of conclusive outputs.

2.1.2 Spectrum Availability

After gauging the spectrum demand, the current picture of availability is analyzed for planning purposes. This includes:

· The occupancy ratios for HF, VHF, UHF etc are calculated on regional basis.

·  From these ratios, the present availability is determined. 
On the basis of above demand and availability, the frequency spectrum is planned to indicate the short term and long term needs. 
3. Spectrum Reviews

This is one of the most significant areas when it comes to answering the critical question, i.e ‘how to achieve a particular spectrum management policy objective (which in this case is efficient utilization of scarce resource)’. The spectrum reviews may be categorized as:

· Commercial use

· Public sector use.

The reviews should focus on:

· Current assignments

· Present %age utilization out of total assigned spectrum.

· Future requirements

· Recommendations

Before such reviews are initiated, it is vital to ensure:

· Highest level of cooperation offered by organizations, in particular the public sector organization.

· Independence of reviewer.

· High competence level of reviewer.

At the end it is vital for the regulator to:

· Ensure that the recommendation prepared by the reviewer are given due attention.

· Ensure the implementation time scale is defined with proper execution strategy.

4.  Technical Solutions

On the technical side, there are many answers to spectrum supply shortage including dynamic spectrum access technology which leads to spectrum sharing. These technical solutions also raise regulatory challenges including but not limited to interference protection for incumbent operators and identification of markets which are capable of getting maximum benefit of introducing such innovations.
4.1 Cognitive Radio (CR) – A step towards spectrum sharing:

Most of the radio systems which are available today are not aware of their radio spectrum environment and operate in a specific frequency band using a specific spectrum access system. Cognitive Radios, an exception, sense their operating environment and can be trained to dynamically and autonomously adjust their radio operating parameters. CRs are in development stage and their commercial availability and deployment will be after few years. 
An internationally accepted definition
 of CRs is:

“A CR makes use of a flexible radio and intelligence so that it can adapt to changes in the environment, to its user’s requirements and to the requirements of other radio users sharing the spectrum environment.” 

Analysis shows that spectrum is not used 100% in space and time domain. Cognitive radio (CR) is a technology which offers the potential to make efficient use of this unused spectrum to:

· Increase the spectrum utilization efficiency.

· Ensure availability of high bandwidth applications.

For example, a mobile handset may use cognitive reasoning to automatically reconfigure itself from a cellular radio to a PMR radio. This is an example of a CR with full capability. There is significant time left before we see any such commercial products. 

“As we move back from this full CR radio implementation, we expect to see achievable forms of intelligent reconfigurable CRs within the next 5 years. These will be radios that can intelligently adapt at the physical layer, using software defined radio techniques coupled with basic intelligence. These intelligent radios may deliver significant benefits without the need to achieve a complete implementation. Many of today’s radio systems already exhibit some characteristics of a cognitive radio (e.g. WLANs, military follower jammers); such as interference avoidance or adaptive modulation scheme selection to facilitate co-existence.”

4.1.1 Regulator’s Role: 

Formulation of Cognative Radio regulations is the most important area for the policy makers. The safety criterion is a critical issue in this regard. 
4.2 Reduction of Base Station Co-channel Re-use Distance Using Adaptive Antenna Techniques

In the conventional frequency planning, the re-use distances between co-channel base stations have to be sufficiently separated so that interference does not occur. As per the ITU-R SM.856-1, if adaptive antennas are used, additional co-channel base stations can be inserted in a service area such that the resulting separation of all base stations can be reduced by a factor of about 0.625, with minimal impact on their coverage areas. This reduced frequency re-use distance effectively increases the service capacity of the frequency spectrum, by allowing channels to be used more frequently in a service area, leaving other channels free to cover other service areas.

4.3 Probabilistic Methods for Efficient Utilization of Spectrum

In order to fully assess the interference potential of introducing a new system into the environment, the probability of interference due to multiple interference sources should be considered. In order to estimate the effect of multiple sources of interference which have unknown locations, it is necessary to use probabilistic methods under following assumptions as per the ITU-R SM.1271 recommendation:

· The number of the interfering transmitters N, is large.

· The interfering transmitters are uniformly distributed, in geographical terms, over a circular area of radius R.

· All interfering transmitters have equal amount of radiated power.

· The receiver, which is subjected to interference from all the mobiles, is airborne at an altitude h, directly above the centre of the circular area that contains all the interfering sources.

· The propagation law from any interferer to the airborne receiver is approximated by the free-space propagation rule.

By selecting an acceptable level of probability of interference, the distance of separation between two such systems can be determined. In this way, the minimum distance of separation required can be determined, hence increasing spectrum utilization.
5.  Digital Dividend

Due to the better transmission capacity of digital TV broadcasting standards, the switchover from analogue to digital TV creates spectrum efficiency gains. According to Radio Spectrum Policy group(RSPG)
: “This strategic investment by broadcasters is therefore allowing releasing a significant amount of spectrum in a relatively similar time frame in Europe in the most valuable UHF band, the band which has "ideal" propagation characteristics for many uses (long reach and good building penetration). This is usually referred to as the "digital dividend" as it results from the "profit" of replacing the analogue technology by a more efficient digital one. In turn, this offers consumers and service providers with a unique opportunity for cheaper, better and wide ranging services.”

5.1 Significance of UHF for operators

The operators need UHF for mobile broadband because of two major reasons:

· The per terminal cost is low because of established economies of scale. 
· Coverage of rural areas at about 30% of the cost of 2100 MHz
.
· The propagation characteristics of UHF make it ideal for in-building as well as rural coverage.
So the introduction of digital TV broadcasting enables efficient utilization of frequency spectrum.

6. Spectrum Pricing

The spectrum pricing could be used to ensure efficient utilization of spectrum. The important steps which are recommended for regional countries are:
· Identification of major spectrum holdings.

· Segregation of efficient and in-efficient users through technical inputs from the users.

· Application of appropriate pricing regime on in-efficient users so that they hold only the need based spectrum and extra spectrum is handed back to regulator. 
7. Spectrum Trading

In order to explore the potential of spectrum trading as a regulatory tool to ensure efficient spectrum utilization, it is vital to examine:

· The existing legislative and policy framework for spectrum trading.
· The markets capable of generating maximum benefits.
· The trading potential of public spectrum holdings. This is the most important element because public sector spectrum holdings are generally huge and their utilization is usually in-efficient.
8. Conclusion:
Based on all the above potential regulatory tools, this paper is aimed at framing the recommendations to ensure frequency spectrum is optimally utilized in SATRC member countries.  

� Consultation on ACMA’s draft spectrum demand analysis & indicative work programs for next five years. www.acma.gov.au/webwr/_assets/main/lib311829/fyso_2010_2014.doc


� REPORT  ITU-R  SM.2015, consultative approach


� REPORT  ITU-R  SM.2015, analytical approach


� http://www.ofcom.org.uk/research/technology/research/emer_tech/cograd/cograd_summary.pdf


� http://www.ofcom.org.uk/research/technology/research/emer_tech/cograd/cograd_summary.pdf


� Ref to RECOMMENDATION  ITU-R  SM.856-1


� Ref to RECOMMENDATION  ITU-R  SM.1271





� http://rspg.groups.eu.int/topics/index_en.htm#dd


� � HYPERLINK "http://www.gsmworld.com/digital_dividend/" �http://www.gsmworld.com/digital_dividend/�
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