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1. INTRODUCTION 

1.1 Background

The growth of mobile broadband is tremendously increasing nowadays because of its consumer preferred applications including voice, video, and data with mobility, while the market of fixed broadband is not increasing significantly. Aside from the practical benefits of broadband, such as greatly enhanced ease of accessing and providing data-rich content, numerous studies have documented the \. A World Bank study emphasized the importance of broadband penetration for developing economies having concluded that every 10 per cent increase in broadband penetration provides a 1.38 per cent increase in GDP.

The telecommunication industry has been focused to the development of such mobile broadband solutions in reliable and affordable manner. The market of mobile broadband is tremendously increasing compared to that of the fixed broadband solutions. High speed and mobility are two dimensions for mobile broadband. Success of broadband wireless networks is influenced by many factors like equipment cost, infrastructure costs, customer penetration, availability of spectrum and many more. Technical aspects, business aspects, and service aspects of the emerging mobile broadband technologies are the key domains to be considered. System architecture, spectrum, mobility, multiple access techniques, multiple antenna techniques, capacity and data rate are key technical parameters which distinguishes the performance of the mobile broadband technologies. CAPEX, OPEX, subscriber and revenue is very much vital regarding the business model. The deployment cost, revenue generating options, sustainability issue, and regulatory issue gives idea of the financial model of these technologies. 

Spectrum is one of the most valuable and finite sources and must thus be allocated in such a way that ensures maximum efficiency both technically and economically.

The different services or applications that generate large amount of mobile data traffic in the mobile network includes mobile Internet, online Gaming, social Packs, streaming, URL based services (Facebook pack), IPTV (Mobile TV), ecommerce, video conferencing, online Gaming, messaging services, cloud based services, Machine2Machine applications, telemedicine, mobile banking applications, streaming services, remote Education, chat based services, email services, news based services etc.

It is necessary to take into account the demand of services, effective and efficient technical and operational framework with optimal spectral efficiency. The spectrum estimation/calculation has to consider the number of base stations within a given market and scope for future site densification. The spectrum calculation model has to consider the traffic load per site applicable for both the data and voice. Global mobile data traffic growth Based on global statistics the number of wireless broadband subscribers has exceeded the number of fixed broadband subscribers and will continue on an explosive growth path as per current growth estimates. 

More than 90 percent of the world’s population is under the coverage of mobile networks, and the first and the only way to access the internet, for many people in the developing countries, is IMT network and IMT network traffic is quickly increasing in accordance with the new services and applications development based on the broadband. Therefore the required bandwidth for IMT would be also increased day-to-day. Now, one of the main and the important concerns for the world regulators is forecasting the required spectrum for IMT networks in the future so that they can supply the required spectrum of IMT network based on the market's requirement through policing and planning accurately and allocating the suitable frequency sub-bands. In this regard, The agenda items of WRC-15 AI 1.1 dealing with spectrum matters for IMT  is to consider additional spectrum allocations to the mobile service on a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC-12);

As regards, the first step for making decision about Agenda Item 1.1 is estimating the required spectrum for IMT. The countries membered in SATRC shall supply and support the required spectrum for IMT in order to plan and policy accurately and also declare the required spectrum of countries membered in SATRC to regional councils, this document has been prepared under Work Item S.2 entitled "Study of Regional Requirements and Availability of Spectrum for Wireless Broadband". Information was gathered from the SATRC member countries to estimate the required spectrum of the countries in 2020 during the study period of the Working Group . Although the complete information was not received from the respective countries, this report was prepared based on the available data and information.

According to the Cisco Visual Networking Index Report 2012, Global Mobile Data Traffic Forecast overall mobile data traffic is expected to grow to 10.8 Exabytes (1 Exabyte=10 18 bytes) per month by 2016. The growth tendency is shown in fig given below:
[image: ]
It was felt to have a focused study about the requirements of spectrum for appropriate wireless broadband technologies in SATRC countries. This report focuses Study of Regional Requirements and Availability of Spectrum for Mobile Broadband technologies. The purpose of this study is to study the regional requirements for spectrum and the availability of those bands in SATRC countries. 

1.2 Objectives 
The objective of this study is to carry out an assessment on requirement analysis with a view to facilitate deployment of wireless broadband technologies taking into account convergence trends and provide recommendations for future spectrum requirement in SATRC member countries. It is also a necessity for the assessment on availability of spectrum of mobile broadband in the SATRC countries in order to create an environment for the availability of sufficient mobile broadband spectrum for the development and expansion of telecommunication services in order to boost the social life for the benefit of the public in the member countries. 

1.3 Scope
	Work Item
	S2. Study of Regional Requirements and Availability of Spectrum for Wireless Broadband


	Responsible Working Groups
	WG Spectrum

	Output 
	Study Report/Recommendation

	Background and Purpose
	Demand on spectrum is increasing rapidly due to user demand as well as innovation of various wireless/mobile broadband technologies. Wireless broadband technologies have now become the major tools to bridge the digital divide in developing countries. However, there is a need for a focused study about the requirements of spectrum for appropriate wireless broadband technologies in SATRC countries with special focus on IMT applications. 
Purpose of this study would be to study the regional requirements for spectrum and the availability of those bands in SATRC countries 

	Scope
	· To survey the requirement of spectrum for Wireless Broadband in SATRC countries
· To identify the bands for Wireless Broadband
· Study the use of those bands in SATRC countries 
· Suggest harmonized approach to make the spectrum bands available for Wireless Broadband

	Time Frame
	
Total study period would be approximately 1 year


	Utilization of Output
	Members can use the output as reference while allocating spectrum for Wireless Broadband 




1.4. Methodology

The study was carried out using the primary and/or secondary data during the preparation of this report. During the research study, a questionnaire was prepared and sent to the SATRC member countries and the response from the respective expert/countries was taken into the consideration. However the response from all the SATRC member countries was not received and the complete information as intended was not also received so far. The data/information related to the spectrum requirement available in the web/internet is also taken into account. The different secondary data/information from the international best practices/ white papers/publications was also taken into account for the analysis in the report. The discussion among the participants held in the WG meeting was also a basis to prepare this report.


2.   REVIEW OF GLOBAL SCENARIO

2.1 Mobile Broadband Spectrum Requirement/Global Scenario- Prediction & Gap

 Increased demand is attributed to an overall increase in the volume of data downloaded as a result of greater consumer use and machine to machine interactions. It is needed to upgrade the network with advanced technologies to meet the market demand.

The frequency bands identified for IMT services

During WRC-07, countries and administrations recognized the need for additional IMT spectrum and identified new bands for IMT. Though significant progress has been achieved since WRC-07, the spectrum currently identified for IMT networks is still far below the amount recommended in ITU-R Report M.2078. The frequency bands identified for IMT services (that accommodate all the technologies) through different ITU WRCs are mentioned hereunder with distinct colors.
 
Band (MHz) 			     Radio Regulation Footnotes identifying the band for IMT 
450-470                                                              5.286AA 
694-790/698-806*/790-862*806 – 960             ADD 5.3XX,MOD 5.313A, MOD 5.317A
1 710–1 885, 1 885-2 025                                 5.384A, 5.388
2 110-2 200 					   5.388
2 300-2 400 					   5.384A 
2 500-2 690 					   5.384A 
3 400-3 600					   MOD 5.430A, 5.432A, 5.432B, 5.433A 

Note:
World Radio Conference – 1992 
World Administrative Radio Conference –2000 
	World Administrative Radio Conference – 2007 
World Administrative Radio Conference – 2012 

In 2007, ITU- R estimated that for mobile broadband applications, between 1280 MHz to 1720 MHz spectrum may be required by 2020. The spectrum demand forecast for mobile broadband (2010-2020) from the ITU-R Report M.2078 (2007) is shown below.

[image: ]
The FCC announced in 2010 that an additional 500 MHz of spectrum would be needed for mobile broadband technologies by 2020. Some international regulators have determined that up to 500 MHz of spectrum beyond that already available may be required to meet the demand for mobile broadband services by 2015. ACMA estimates that an additional 160 to 700 MHz of spectrum will be required by 2020. It has been observed that estimated that additional 150 MHz to 1720 MHz spectrum may be required by 2020.
The European Union (EU) released its Digital Agenda for Europe: 2010–2020 in May 2010 setting out the following objectives: 
· ensure broadband coverage of all EU citizens by 2013 
· offer broadband coverage at 30 Mbps or more for at least half of EU households  by 2020. 

Figure below shows the comparison between the estimated required, ITU identified and regionally available spectrum.
[image: ]
                 Fig: Comparison of the amount of the estimated required, global identified and regional available   	spectrum (source: ITU-R M.2078 & UMTS Jan. 2012)


During the preparation for WRC-15, spectrum requirement estimation is ongoing in ITU Working Party 5D. The estimated requirement is in total around 1800MHz (using the higher requirements setting). Compared with the 1172MHz already identified, it is clear that more than 500MHz of additional spectrum is needed.

According to the mobile global data traffic estimation summarized in ITU M.2443 (00/11), overall mobile data traffic averagely grow 8 times in 2015 over 2011. Visioning the future year 2020, the traffic is 500-1000 times today’s traffic (i.e of data of 2011), driven by the demand for mobile broadband for anything, anytime from anywhere. 

The explosively increasing mobile traffic is not distributed evenly over the whole network and more than 80% of the traffic comes from hotspots or indoor areas, based on the analysis from Informa Telecoms & Media ( source: Mobile Broadband access at home: Informa Telecoms & Media) . It is also forecasted that mobile video will be the dominant service in the near future and it is shown that about 70% of mobile services will be video in 2016 based on the prediction of mobile traffic share from Cisco (Source: cisco, cisco visual Networking Index, Global Mobile Data Traffic Forecast Update, 2011-2016).

To meet the explosive traffic demands and higher performance expectation, the heterogeneous network or HetNet is becoming the network topology of the future. As mobile traffic increases and mobile connection speeds increase for anything, anytime from anywhere, more spectrum in the low and low-to-mid bands is needed to provide the coverage and capacity. The mid-to-high band is much more important than ever before, to provide high performance, and also to provide capacity boosting for the urban environment, especially hotspot and indoor areas.


2.2 Spectrum Requirement Calculation by Different International Bodies

2.2.1 ITU

ITU has recommended a Methodology for calculation of spectrum requirements for the terrestrial component of International Mobile Telecommunications in April 2013. ITU-R M.1768-1 describes a methodology for the calculation of terrestrial spectrum requirement estimation for IMT. It provides a systematic approach that incorporates service categories (a combination of service type and traffic class), service environments (a combination of service usage pattern and teledensity), radio environments, market data analysis and traffic estimation by using these categories and environments, traffic distribution among radio access technique groups (RATGs), required system capacity calculation and resultant spectrum requirement determination. The methodology is applicable to packet switch-based traffic and can accommodate multiple services. It can also accommodate circuit switched emulation traffic using a reservation based concept.

The ITU Radio communication Assembly has considered that the radio access technique groups (RATGs) that are appropriate for IMT may have different channel bandwidth requirements, and hence varying impact on the basic frequency usage possibilities; and also the service functionalities in fixed, mobile and broadcasting networks are increasingly converging and interworking. The methodology for calculation of spectrum requirements for IMT has considered the followings:
· accommodate the complex mixture of services that will require differing bandwidths and quality of service, and significantly higher bit rates than IMT-2000
· use market data which is practical to collect as input to the traffic forecasts;
· have the flexibility to handle both emerging technologies and enhancements to IMT;
· take account of factors for practical network implementations;
· produce results in a manner that is easily understandable and credible;
· be implementable and verifiable within the available time-scales;
· be suitable to be used during ITU-R meetings in terms of the computing facilities needed and the time required to perform an analysis;
· be no more complex than is justified by the uncertainty of the input data;
· take into account improvements in spectrum efficiency due to the advances in technologies employed by enhancements to IMT
 The calculation methodology has recognized 
·  that the majority of the traffic has changed from speech-oriented communications to multimedia communications;
·  that networks and systems are designed to economically transfer packet data;
·  that services become more diverse and it will be less valid to consider simple peak traffic values that will apply across different environments, geographic areas and time,
The Prerequisite information for application of the methodology consists of Forecast on services and market, and Technical considerations.

Approach for spectrum calculation

The technical process of estimating spectrum requirements for mobile communications has to be
based on four essential issues:
– Definition of services
– Market expectations
– Technical and operational framework
– Spectrum calculation algorithm
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The spectrum calculation method has considered service environments as a function of combination of service usage pattern and teledensity. It has also considered the Traffic classes from the user perspective: conversational class of service, interactive class of service, streaming class of service, and background class of service. The main distinguishing factor between these classes is how delay-sensitive the application is: conversational class refers to applications which are very delay-sensitive while background class is the most delay-insensitive QoS class. Service environments represent common service usage and volume conditions. 

Teledensity, Radio Environment, RATGs, and analysis of the collected market data are also the key dimensions to be considered for the calculation of spectrum requirement.

Each teledensity parameter is characterized by population density and communication device density. Teledensity is categorized into the followings: Dense urban, Suburban, & Rural. Radio environments (REs) are defined by the cell layers in a network consisting of hierarchical cell layers, i.e. macro, micro, pico and hot-spot cells. The cell area of macro cell is made teledensity dependent in spectrum requirement calculations.  Following four types of RATGs are identified.
· Group 1: Pre-IMT systems, IMT-2000 and its enhancements
· Group 2: IMT-Advanced systems as described in Recommendation ITU-R M.2012.
· Group 3: Existing radio LANs and their enhancements.
· Group 4: Digital mobile broadcasting systems and their enhancements.

Analysis of the collected market data:

Collection of market data:
The following items are relevant in order to survey future market and application trends:
– Services and market survey for existing mobile services;
– key market parameters;
– service and market forecast for IMT, including:
• service issues;
• market issues;
• preliminary traffic forecast;
• related information;
– Service and market forecast for other radio systems;
– Driving forces of the future market; and
– Any other views on future services.

Data analysis:

Application, Service Market attributes parameters, Traffic attribute parameters are the key terminologies for market data analysis:
General process for the market data analysis
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The ITU Recommendation presents the methodology for calculating the spectrum requirements for the further development of IMT. The methodology accommodates a complex mixture of services from market studies with service categories having different traffic volumes and QoS constraints. The methodology takes into account the time-varying and regionally-varying nature of traffic. The methodology applies a technology neutral approach to handle emerging as well as established systems using the RATG approach with a limited set of radio parameters. The four RATGs considered cover all relevant radio access technologies. The methodology distributes traffic to different RATGs and radio environments using technical and market related information. For RATG3 and RATG4 no spectrum requirements are calculated. For the traffic distributed to RATG1 and RATG2 the methodology transforms the traffic volumes from market studies into capacity requirements using separate algorithms for packet-switched and circuit switched (reservation based) service categories and takes into account the gain in multiplexing packet services with different QoS characteristics. The methodology transforms capacity requirements into spectrum requirements using spectral efficiency values. The methodology considers practical network deployments to adjust the spectrum requirements and calculates the aggregate spectrum requirements for further development of IMT.

Total spectrum requirements in the year 2020 calculated by ITU-R WP 5D
	
	Spectrum requirements
	Total spectrum requirements

	
	for RATG 1
	for RATG 2
	

	Lower user density settings
	440 MHz
	900 MHz
	1 340 MHz

	Higher user density settings
	540 MHz
	1420 MHz
	1 960 MHz



2.2.2 GSMA

GSMA has carried out study for the estimation of spectrum BW required by 2020 based upon its calculation model.  The model allows information to be input in a number of different ways but the basic calculation is straightforward and given by:
       S= (T/N x M ) / C
 Where S is Spectrum (in MHz), T is Total Traffic (in Mbps), and N is Number of Macro Cell sites, M is Load Multiplier for highly congested sites, and C is capacity of sites (in Mbps/MHz).

The model currently takes forecasts of regional monthly mobile data traffic (in millions of GB) from Cisco and monthly voice minutes of usage from Wireless Intelligence. These are converted to average busy hour site traffic (T) assuming:
· 15% of the daily data traffic occurs in the average site data busy hour
·  8.5% of the daily voice traffic occurs in the average site data busy hour
·  Voice is converted to data at an equivalent rate of 21 kbps.

The calculation has considered the number of base stations within in a given market and scope for future site densification. It has also considered the spectral efficiency of 0.3 bps/Hz in 2012 and with the estimation of 1.96 bps/Hz by 2020. The capacity of each site is determined by basic spectral efficiency for the technology, the number of sectors per site, signaling overhead and a quality margin that will ensure good quality and low delay. The spectrum calculation model has also considered the traffic load per site applicable for both the data and voice.  The calculation of the estimation results for about 2 GHz spectrum Bandwidth by 2020 to cater the mobile broadband applications/services.


2.2.3 UMTS Forum

 UMTS Forum has published a White Paper: Spectrum for future development of IMT-2000 and IMT-Advanced January 2012.
Data traffic on mobile networks continues to grow, demonstrating the immense global importance of mobile broadband as a key socio-economic enabler. Mobile broadband literally changes the way we live by offering services that were previously not available. The demand for mobile cloud services is expected to grow exponentially since the users are increasingly adopting more services that are required to be accessible. Multimedia services captured on mobile devices will overwhelmingly carry the greatest cloud computing and storage demand. It is expected that e-health, e-education and other e-government services will also be accessed by mobile devices, which will contribute to improvements in social welfare.

An industry expertise in traffic prediction and spectrum requirements:
In 2005, UMTS Forum Report 37 (Magic Mobile Future 2010-2020) concluded that mobile traffic would increase by a factor of 23 between the years 2012 and 2020. In 2006 UMTS Forum Report 40 (Development of spectrum requirement forecasts for IMT-2000 and systems beyond IMT-2000 (IMT-Advanced)) analyzed spectrum demand, concluding that a total of around 1600 MHz of spectrum is required for IMT networks by 2020, including the spectrum already allocated at WARC-92 and WRC-2000.

Updated UMTS Forum traffic predictions:

The UMTS Forum Report 44, Mobile traffic forecasts 2010-2020 states that: “the total worldwide mobile traffic will reach more than 127 Exabytes in 2020, representing an x33 increase compared with 2010 figure. Significantly, at least 80% of the traffic volume remains generated by users, leading to large variations of the total mobile traffic both in terms of time and space variations of traffic. Future mobile networks must be designed to cope with such variation of traffic and uneven traffic distribution, while at the same time maintaining a permanent and extensive geographical coverage in order to provide continuity of service to customers. In 2020, daily traffic per Mobile Broadband subscription in the representative Western European country will stand at 294 MB and at 503 MB for dongles [representing a x67 increase compared with 2010 figures].

2.2.4 Huawei 

 In Feb 2013 Huawei, the established international manufacturer, has published a study report with the conclusions regarding the spectrum requirement for the mobile broadband applications/services by 2020. The study report has suggested for WRC15 to identify the spectrum in the spectrum bands of 470-694 MHz, 694-790 MHz, parts of L band, the band around 2GHz, parts of 3600-4200MHz and 4400-4990MHz.  It has also indicated that besides acquiring new spectrum for IMT, the efficient use of existing spectrum is another way to promote the development of the wireless industry. Small cell deployments and the allocation of appropriate high-frequency spectrum for hotspot applications, supplementary downlink spectrum, carrier aggregation and LTE roaming bands are explored as methods to utilize spectrum better. The study has drawn the following conclusions:

Identify at least additional 500MHz (in the 400MHz – 6GHz range) spectrum Bandwidth at WRC-15 taking into the consideration of the followings:
· Targeting global harmonization to the benefit of economies of scale 
· Targeting assignments of at least 100MHz contiguous bandwidth for IMT 
· Driven by the well recognized socio-economic value of the mobile broadband application
· Administrations need to take efforts in reducing the time that is currently  separating the ITU-R identification from the actual spectrum assignments at national level
· 3.5GHz (3400-3600) as one of the important bands of global spectrum for small cell enhancement
Spectrum shall be efficiently utilized taking into account the followings:
· based on CA solution, and mixed TDD+FDD CA as one of future trends 
· Candidate bands combination for LTE FDD terminal roaming at least include 
· 1800MHz, E850MHz, APT700MHz and US 700MHz
· Inter-operators’ network synchronization based on over-the-air solution proposed for TDD networks

It has identified the possible candidate band for IMT under WRC-15 Agenda Item 1.1 with the following bands to target for the allocation in WRC'15.
· Low candidate bands ( <1 GHz): 470-694 MHz with cooperation with the broadcasting industry( e.g TV, PMSE[footnoteRef:1]) [1:   PMSE: Program Making & Special Events] 

· Low to Mid Candidate Bands (1GHz-3 GHz): 1350-1525 MHz, 2700-2900 MHz in coperation with the existing radar users.
· Mid to High candidate bands ( 3-6 GHz): 3.4- 4.2 GHz and 4.4-4.99 GHz band

2.3 Spectrum Requirements forecast by the different Administrators

The number of sites per operator indicating the rate of densification results to give different values of spectrum requirement in urban, suburban and rural areas.  The required number of sites increases with the available/usage spectrum bandwidth and vice versa. The spectrum requirements forecast by the different administrators is shown in the figure given below:

	Administrator
	Information Source
	Traffic forecast
	Baseline bandwidth for IMT
	Additional Spectrum Requirement

	Europe
	European Union radio Spectrum Policy Programme (RSPP)
	
	
	Y2015: 1200 MHz

	USA
	FCC National Broadband Plan
	35 times increase in traffic from 2009
	Y2009 allocated:547 MHz
	Y2014: 300 MHz for mobile broadband
Y2020: 500 MHz for Mobile and fixed broadband

	Canada
	Globe Mobile Broadband Forum 2012
	
	Y2014 Allocated: 553 MHz
	Y2015: 300-500MHz
Y2022: 400-600 MHz

	Australia
	ACMA paper towards 2020-Future Spectrum Requirements for Mobile Broadband
	30 times increase in traffic from 2007 to 2014
	Y2012 allocated and planned:840 MHz
	Y2015: 150 MHz
Y2020: 300 MHz


	Japan
	AWG Workshop for Future IMT(AWG-13/INP-136)
	Growth rate of traffic is increasing to more than 100% per year
	Y2012 allocated:500 MHz
	Y2015: Over 300 MHz
Year 2020: total over 1000 MHz

	China
	ITU-R WP5D#15(document 5D/256)
	Around 600 times increase in traffic from 2010 to 2020
	690 MHz
	Y2020: 800-1100 MHz


                             Source:  Whitepaper on Spectrum Feb, 2013, by Huawei
UK
A total spectrum of 2074 MHz will be required in 2020, assuming the number of macro-sites per operator to be 16,370[footnoteRef:2] [2:   Source: Revised spectrum forecasts using the new spectrum model Spectrum required for various mobile communications markets in 2020 prepared for GSMA Jan 2013 by Coleago Consulting] 

Brazil
A total spectrum of 2080 MHz will be required in 2020 assuming to a total of 22,850 macro-sites per operator 1

China
A total spectrum of 1844 MHz will be required in 2020 assuming a total of about 472,900 macro-sites per operator 1

USA
A total spectrum of 1939 MHz will be required in 2020 assuming a total of about 84,420 macro-sites for a national operator 1

As is being discussed in ITU-R WP5D, more than 500 MHz of additional spectrum is needed for the year 2020, distributed in three band ranges – low band (<1GHz), mid-to-high band (1-3GHz) and high band (3-6GHz), to support the explosive traffic increase and higher performance expectation.
[bookmark: _Toc279856722][bookmark: _Toc280273650]

Japan
 In 2010, it was envisaged that by 2020, Radio spectrum use will have dramatically expanded, both in quality and quantity, and the amount of traffic will be 200 times larger.
The action plan for spectrum reallocation to realize wireless broadband developed by Japan has pointed out the basic policies to secure spectrum towards the years 2015 and 2020, respectively:
–	Secure additional spectrum exceeding 300 MHz bandwidth below 5 GHz frequency ranges for mobile communications systems and wireless sensor network systems by 2015;
–	Secure additional spectrum exceeding 1500 MHz (including the above mentioned 300 MHz) bandwidth for IMT-Advanced systems and for broadband deployment in airplanes, ships, trains, etc.
The MIC also annually updates the “Action Plan for spectrum reallocation” to describe specific actions for a smooth and steady follow up toward the reallocation of the radio spectrum, based on the evaluation results of the survey on actual radio spectrum use. This Action Plan also indicates several target frequency bands for use by mobile communications including IMT.
 
Australia
The Australian Communication & Media Authority (ACMA) has undertaken a study and published a study report in May 2011 regarding the Future Spectrum Requirements for Mobile Broadband - towards 2020. From the analysis, the ACMA estimates that an additional 150 MHz of spectrum will be required by 2020. This estimate takes into account the 800 MHz of spectrum already dedicated for operation by mobile communications services; and includes the 150 MHz previously identified by the ACMA as being required by 2015.  It was identified that approximately 1100 MHz of spectrum would be required in the Australian communications environment to support mobile broadband services by 2020. 

The spectrum estimation considers possible re-planning activities for the band including ‘refarming’ the digital cellular mobile telephony service segments (890–915 MHz paired with 935–960 MHz), currently planned for GSM technologies, to better facilitate 3G and 4G technologies and provides analysis on the potential for the 850 MHz ‘expansion’ band to be made available for future mobile broadband services. 

China

A model of spectrum requirements to meet IMT service in China until 2020 has been developed and published by China Academy of Telecommunication Research of MIIT in Jan 2013. The modeling has considered the spectrum requirements for 2G technologies, 3G technologies and 4G technologies, with the assumption that China commercially launches 4G networks in late 2014. 687 MHz spectrum BW has been allocated for IMT system so far in China.

IMT services are experiencing considerable growth in China, mainly driven by consumer demand for mobile data. The report has analyzed the sensitivity analysis of the spectrum requirement for the mobile broadband wrt data traffic growth rate, no. of macro base stations, downlink traffic percentage of total traffic, and no. of operators. The report indicates that the maximum data traffic from IMT services in 2020 would achieve nearly 200 Mega-Tera-Byte per year, about 600 times of 2011. And even more base sites would be constantly deployed with CAGR of around 13.65% and the average spectrum efficiency of 2020 would be more than 4 times of that of 2011, it still could not comparable to the increase of data traffic, accordingly the spectrum bandwidth requirement. It is forecasted that the cell site growth rate relative to 2011 is 62143% by 2020 to increase mostly the capacity. And the average spectrum efficiency would be 1.61 by 2020 which is 0.43 in 2012 which will be around 4 times higher than that of 2011.

The result demonstrates that around 1800 MHz spectrum is likely required from IMT services by 2020. The total spectrum BW was calculated as the sum of 2G/3G/4G spectrum requirements. Currently China has allocated 687 MHz frequency for IMT systems so that approximately over 1100 MHz spectrum deficit would appear by 2020.

Suitable Frequency Bands under Consideration for the mobile broadband recommended by the China:
· 606-698 MHz
· 1427-1518 MHz
· 1695-1710 MHz
· 2700-2900MHz
· 2900-3100 MHz
· 3100-3300 MHz
· 3300-3400 MHz
· 3600-3700 MHz
· 4400-4500 MHz
· 4500-4800 MHz
· 4800-4990 MHz
· 5350-5470 MHz
· 5850-5925 MHz
· 5925-6425 MHz

[bookmark: _Toc280273684]2.4 Spectrum in LTE
LTE (Long Term Evolution) promises to deliver very high speed broadband with low latency, flexible spectrum bandwidth, smooth migrations and low cost data services. 

WRC-2000 identified three additional bands for terrestrial IMT-2000 including 2500-2690 MHz. In Europe, 140 MHz bandwidth of 2.5 GHz of the of IMT-2000 FDD expansion spectrum was allocated in the beginning of 2008; 2620-2690 MHz for downlink and 2500-2570 MHz for uplink . Additionally up to 50 MHz (2570 MHz-2620 MHz) will be allocated as an unpaired TDD band. The main goal of WRC-07 was to identify additional, worldwide spectrum, to enable global roaming services. For this purpose, WRC-07 identified 450-470MHz and 2300-2400 MHz bands for IMT (both IMT-2000 and IMT- Advanced) on a global basis. WRC-07 has made positive steps towards making spectrum available for future LTE deployments.

WRC-07 identified the bands 698-806 MHz for mobile applications and initiated the process of allocation of broadcasting spectrum in the 698-806 MHz band to mobile applications.  In fact there are different applications in different countries in this band, so the next step would be to identify the cases in different regional countries and gradually refarm the spectrum for mobile applications to the maximum extent in order to achieve the interoperability and seamless global roaming. 
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Refarming GSM 900 MHz
The 900 MHz is most harmonized spectrum band available today in wireless telecommunication industry and this band has benefit of increased coverage worldwide. Moreover, 900 MHz offers improved building penetration and especially suited to regions that have a predominantly rural population. Moreover, LTE deployment in the 900 MHz has the benefit to have more capacity and provide operators to deploy an LTE network with greater coverage.
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Deployment Strategies with LTE spectrum    
There is a possibility for GSM and WCDMA operator to use their existing bands for deploying LTE as 1800 MHz and 2100 MHz of spectrum can be reused for LTE system. LTE allows operation in the 1.4, 3, 5, 10, 15 and 20 MHz channel sizes. This flexibility and possibilities of choosing different bandwidth let operators to introduce LTE in existing GSM/WCDMA band.

There is also a possibility for GSM and WCDMA operators to introduce LTE in new spectrum like 2.6 GHz, 2.3 GHz or 0.8 GHz. The advantage of introducing new spectrum let the operators to use larger bandwidths. So the operators have the choice to introduce LTE in existing band. One of the big advantages of the LTE is that it supports both the smaller and bigger channel bandwidths. There are possibilities for the operators to deploy LTE networks from 1.4 MHz to channel up to 20MHz. 

2.5 Key challenges
In order to materially increase wireless broadband penetration, the SATRC member administrations need to devise solutions to successfully address the following challenges including power disruptions, affordability, and policy and regulatory barriers. The key challenges in the SATRC include the followings:
· Freeing the existing bands used by other services rather than IMT 
· Implementation of Digital switchover
· Refarming of existing bands for the purpose of IMT/IMT-Advanced ( Adoption of efficient technologies with the phasing out of the existing 2G services) [3G in 900 & LTE in 1800 MHz bands) 
· Lack of appropriate policy and regulatory environment
· Implementation delay of the declared policy framework
· Lack of skilled experts in identifying the national requirement and develop the required strategy for the allocation and subsequent assignment

2.6 Best Principles for spectrum management

 The best practice guidelines for spectrum management of Mobile Broadband to be considered in SATRC member countries are mentioned hereunder:
· Facilitate the deployment of innovative broadband services and technologies
· Allocate spectrum to the highest value use or uses
· Promote transparent and nondiscriminatory spectrum management policies
· Embrace technology neutrality
· To adopt flexible use measures for wireless broadband services
· Ensure affordability
· Manage spectrum efficiently 
· Harmonize regional and international standards and practices
· Enable and encourage spectrum to move to its highest value use or uses
· To the extent possible, promote both certainty and flexibility


2.7 Utilization of key spectrum including below 1 GHz Frequency

Radio spectrum below 1 GHz is optimum for the needs of developing countries, due to the ability to serve larger rural areas from a single cell site compared to spectrum above 2 GHz. The 2007 World Radio Conference made valuable strides in identifying additional spectrum for IMT, both below 1 GHz and above 2 GHz. The concept of identifying spectrum for potential use by IMT, in the ITU Radio Regulations, gives global equipment manufacturers some guidance on the range of frequency bands in which IMT services are likely to be deployed, leading to economies of scale and minimizing product costs. 

Given the dominant position of mobile services (which will grow even more so) and wireless broadband in the future, the need to utilize key spectrum below 1 GHz spectrum resource (especially the 700 MHz band) is profound. In this respect, the digital dividend spectrum shall be locked for mobile broadband which will be also in line with Asia Pacific proposal.

The identification “for those administrations wishing to deploy IMT” allows use by other services to which the spectrum is allocated and does not convey any priority for IMT over those other radio-based services.  “IMT-Advanced” provides a global platform on which to build the next generations of mobile services – fast data access, unified messaging and broadband multimedia – in the form of exciting new interactive services and applications.


2.8 Flexible rights of use for key wireless spectrum allocations

Flexible rights of use should be instituted for key wireless spectrum allocations with technology use given that artificial technology limitations may deny operators being able to use efficient and spectrally efficient technology. For example, 3G WCDMA at 900 MHz is more cost effective than rollout of 3G WCDMA at 2100 MHz especially in the less densely populated areas. 

The spectrum allocation for the mobile broadband shall be in technology neutral basis to facilitate for the deployment of effective and efficient technology in the market which will also provide an early upgrade path to take account of more affordable devices including smartphones and tablets in the market. Satellite services – perhaps with a local cellular or Wi-Fi hotspot can also provide a critical role in addressing digital divide in more remote areas of the country. Facilitating WBB services is best promoted by introducing additional operators  and by the early allocation of sub-1 GHz spectrum especially additional 900 MHz and the allocation of 700 MHz band spectrum (in accordance with the APT 2 x 45 MHz band plan). However, in order to balance spectrum availability with the legitimate public goal of maximizing the price of the country’s spectrum resources, it is recommended that a staged approach to the release of new spectrum be adopted.

2.9 Frequency Arrangements for implementation of IMT

Preliminary Draft Revision of Recommendation ITU-R M.1036-3 on Frequency arrangements for implementation of the terrestrial component of IMT in the bands identified for IMT in the Radio Regulations (RR)’ in Annexes 1 to 6, describes the frequency arrangements for implementation of IMT in the bands identified for this service in the ITU RR. The order of the frequency arrangements does not imply any priority. Administrations may implement any of the recommended frequency arrangements to suit their national conditions. Administrations may implement all or part of each frequency arrangement.

It is noted that Administrations may implement other frequency arrangements (for example, arrangements which include different duplex schemes, different FDD/TDD boundaries, etc.) to fulfill their requirements. These administrations should consider geographical neighboring deployments as well as matters related to achieving economies of scale, facilitating roaming, and measures to minimize interference.

Recommendation ITU-R M.1036-3 dealing with Frequency arrangements for implementation of the terrestrial component of IMT in the bands identified for IMT in the Radio Regulations (RR)’ provides guidance on the selection of transmitting and receiving frequency arrangements for the terrestrial component of IMT systems. The frequency arrangements are recommended from the point of view of enabling the most effective and efficient use of the spectrum to deliver IMT services – while minimizing the impact on other systems or services in these bands – and facilitating the growth of IMT systems.

General considerations regarding technological aspects

· IMT (IMT-2000 and IMT-Advanced) radio interfaces currently include two modes of operation – frequency division duplex (FDD) and time division duplex (TDD);

· There are benefits in the use of both FDD and TDD modes in the same band; however, this usage needs careful consideration to minimize the interference between the systems, especially, if flexible FDD/TDD boundaries are selected, there may be a need for additional filters in both transmitters and receivers, guard bands that may impact spectrum utilization, and the use of various mitigation techniques for specific situations;

· That selectable/variable duplex technology is considered to be one technique that can assist in the use of multiple frequency bands to facilitate global and convergent solutions. Such a technology could bring further flexibility that would enable IMT terminals to support multiple frequency arrangements;

· When frequency arrangements cannot be harmonized globally, a common base and/or mobile transmit band would facilitate the development of terminal equipment for global roaming. A common base transmit band, in particular, provides the possibility to  roaming users all information necessary to establish a call;

· Guard bands for IMT systems should be minimized to avoid wasting spectrum;

· When developing frequency arrangements, current and future advances in IMT (e.g. multimode/multiband terminals, enhanced filter technology, adaptive antennas, advanced signal processing techniques, techniques associated with cognitive radio systems, variable duplex technology and wireless connectivity peripherals) may facilitate more efficient use and increase overall utilization of radio spectrum; and

· On the aspect of frequency availability it is recommended that administrations make available the necessary frequencies for IMT system development in a timely manner.

· The harmonized frequency arrangements in the bands identified for IMT by one or more conferences shall facilitate:
· facilitate worldwide compatibility; and
· facilitate international roaming.
· 

3. SOME STRATEGIES TO BE CONSIDERED TO CATER THE DEMAND OF MOBILE BROADBAND 

The principle to enable and encourage spectrum to move to its highest value use  or uses- continue review and planning, promote both certainty and flexibility to the extent possible, and investigation to explore potential band for mobile broadband are key aspects to  address the mobile broadband spectrum .
	 
It is very appropriate to use of improved technologies, such as coding, to improve overall spectrum efficiency. Deployment of complementary infrastructure such as picocells and femtocells in dense urban environments decreases the size of the coverage areas required by individual macro and micro-cells and improves spectrum efficiency. Spectrum demand in highly populated cities need to be investigated in SATRC member countries. Spectrum requirements for mobile broadband as foreseen by the industry over a period by 2020 are applicable to be considered. Harmonized spectrum regional and global level are also the key aspect to be taken into account for mobile broadband services and applications. It is to be considered what techniques could be deployed in their existing and proposed network architecture to achieve greater spectral efficiencies- advances in technology. Network architecture is very important aspect in mobile broadband -If the cell radius of existing wireless infrastructure was reduced, the demand could be addressed with lesser amount of spectrum. It is needed for analysis of the quantum of spectrum required to meet the demand in SATRC countries. Relocation, Reallocation, Refarming of Spectrum are to be carried out in periodic manner to adopt the change in a timely manner for the benefit of public. Benefits offered to offload data capacity in small localised environments thus improving data capacity in existing network architecture is another paradigm to be taken into account. Continually reviews bands and planning arrangements to determine whether the band is allocated to its highest value use is also the key principle to be considered.

4. DISCUSSION AND ANALYSIS

A structured Questionnaire was developed to collect the information on the recent usage of mobile communication system in order to see the change of total volume of mobile communication traffic in each country towards the future and gather information on the mobile market and services expected to be used up to 2020. It was intended to use the survey data for the analysis and forecast of services and market aspects which leads to the estimation of the spectrum requirements for future development of mobile broadband and suggestion of harmonized approach to make the spectrum bands available for wireless broadband. Some of the member country could not provide the response at all, however some member country has provided some relevant information, however it seems incomplete for the calculation of the spectrum requirement for the mobile broadband of the respective country. Based upon the response from the working group members of the different member countries, the following country specific observations has been observed and noted.


India
India is one of the fastest growing telecom markets in the world.  The unprecedented increase in teledensity and sharp decline in tariffs in the Indian telecom sector have contributed significantly to the country’s economic growth. Besides contributing to about 3% to India’s GDP, Telecommunications, along with Information Technology, has greatly accelerated the growth of the economic and social sectors. Given the continued predominant role of wireless technologies in delivery of services in ICT sector, NTP 2012 incorporates framework for increasing the availability of spectrum for telecom services including triple play services (voice, video and data) for which broadband is the key driver. The objectives of the NTP-2012 include to Increase rural teledensity from the current level of around 39 to 70 by the year 2017 and 100 by the year 2020. It has also envisaged to provide affordable and reliable broadband - on - demand by the year 2015 and to achieve 175 million broadband connections by the year 2017 and 600 million by the year 2020 at minimum 2 Mbps download speed and making available higher speeds of at least 100 Mbps on demand.

It has been mentioned to ensure adequate availability of spectrum and its allocation in a transparent manner through market related processes. Make available additional 300 MHz spectrum for IMT services by the year 2017 and another 200 MHz by 2020.

It has envisaged the strategy to make available adequate globally harmonised IMT spectrum in 450 MHz, 700 MHz, 1800 MHz, 1910 MHz, 2.1 GHz, 2.3 GHz, 2.5 GHz, 3.5 GHz bands and other bands to be identified by ITU for commercial mobile services. Recognizing this growth of IMT services and considering the future requirements, the National Telecom Policy 2012 highlights the need of adequate availability of spectrum with a target of making available additional 300 MHz spectrum for IMT services by the year 2017 and another 200 MHz by 2020.

Nepal
Altogether 858 MHz Spectrum Bandwidth has been availed/allocated for different cellular technologies including GSM, CDMA, WiMAX, IMT-2000/3G, LTE/IMT-Advanced. The coverage, mobile penetration, traffic volume, service and application as well as technology and industry progress are the most influencing mobile network factors that have been considered for the decision in relation to the spectrum requirement for mobile broadband. Global harmonization, deployment easiness, impact of the services/applications in the adjacent bands, CAPEX, and OPEX are the key principles to be taken into account during the spectrum planning. Maturity of the commercialization network, terminal availability, terminal price and others are the industry progress factors that influence decision on spectrum management and network deployment.

700 MHz and 2600 MHz band is already identified for the LTE. Mobile Internet, Online Gaming, Social Packs, streaming, News based services, URL based services (Face book pack), IPTV (Mobile TV), Fiber to your home, Ecommerce, Video conferencing, Online Games, Messaging services, Cloud based services, Machine2Machine, Telemedicine, Mobile Money, Streaming services, Remote Education, Chat based services, Email services, News based services are applications generate large amount of mobile data traffic in the mobile network. The expected profitable services and applications in the future in the mobile network are IPTV, Messaging services, Telemedicine, Remote Education, Video Conferencing, Streaming services, Mobile Money, E-commerce, and Mobile Advertising.

It is necessary to take into account the demand of services, effective and efficient technical and operational framework with optimal spectral efficiency. The calculation has to consider the number of base stations within a given market and scope for future site densification. The spectrum calculation model also has to consider the traffic load per site applicable for both the data and voice.  In relation to the network architecture  by 2020,  the mobile technology growth in emerging market as well as the developed market, the same evolution path, i.e. evolving from 2G voice centric to 3G, LTE/ data centric as well as the data offloading via WiFi technology might be the emerging technology.

 ITU has published a Wireless broadband master plan Report for the Federal Democratic Republic of Nepal in October 2012. In the report, it was recommended that the government should aim to provide at least total of 442 MHz for mobile services by 2015 in the 700, 900, 1800, 2100 and 2300 MHz bands. In particular, the 900 MHz band should be refarmed on efficiency grounds so that spectrum is utilized on a national basis and that 36 per cent of the 900 MHz spectrum band that is currently only in use by rural providers is made available for reuse. For the longer term up to 2020, this master plan prefers an approach of using the overall spectrum requirements in a manner consistent with ITU-R Report M.2078 (2006). In the case of Nepal, on balance, the aggregate target for spectrum to be allocated to wireless services ought to be the smaller market target of 760 MHz of spectrum by 2020 is recommended.

   
Pakistan
Altogether 497 MHz Spectrum Bandwidth has been allocated for cellular technologies including GSM, CDMA, WiMAX, WCDMA/3G/4G. Premium Rate Short Message Services, Location based have gained popularity among large number of users in your mobile network in past few years. SMS and GPRS/EDGE are the services or applications that generate large amount of mobile data traffic in your mobile network. Electronic banking would be the basic services & applications in the future in the mobile network. The coverage, mobile penetration as well as service and application are the most influencing mobile network factors that have been considered for the decision in relation to the spectrum requirement for mobile broadband. Global harmonization is mostly taken into the consideration during the spectrum planning. Maturity of the commercialization network is taken into account as industry progress factors that influence decision on spectrum management and network deployment.

Afghanistan
Altogether 527 MHz Spectrum Bandwidth has been allocated for cellular technologies including GSM 900, DCS 1800, CDMA, WCDMA/HSPA+, WiMAX. Internet Access, SMS, remote recharging are the services and applications that have gained popularity among large number of users in your mobile network in past few years.  Internet Access and WAP are the services or applications that generate large amount of mobile data traffic in your mobile network. Electronic payment and broadband internet would be the basic services & applications in the future in the mobile network. Global harmonizations as well as easiness for the deployment and usage are the mostly taken into the consideration during the spectrum planning. Maturity of the commercialization network, availability of the terminal are taken into account as industry progress factors that influence decision on spectrum management and network deployment.

Sri Lanka
Altogether 335 MHz Spectrum Bandwidth has been allocated for cellular technologies including GSM 900, GSM 1800, IMT 2000 & LTE. Mobile Internet, Mobile Banking, Mobile Cash Exchange, Online Gaming are the services and applications that have gained popularity among large number of users in your mobile network in past few years.  Mobile Internet, Online Gaming are the services or applications that generate large amount of mobile data traffic in your mobile network. Voice, broadband internet would be the basic services & applications in the future in the mobile network. Global harmonizations as well as impact of the services/applications in the adjacent bands are the mostly taken into the consideration during the spectrum planning. Coverage, Mobile penetration, Traffic volume, service and application are taken into account as industry progress factors that influence decision on spectrum management and network deployment.

It seems that different SATRC member countries has different scenario regarding the spectrum availability and their usage. The exact Spectrum Bandwidth requirement in the SATRC member countries varies from country to country as per the applicable attributes including the market demand, service environment, Radio Environment, demography etc. In order to balance spectrum availability with the legitimate public goal of maximizing the price of the country’s spectrum resources, it is appropriate that a staged approach to the release of new spectrum be adopted for mobile broadband. The WG members agreed on the key principle considerations in relation to the mobile broadband spectrum requirement: Facilitate the deployment of innovative broadband services and technologies; allocate spectrum to the highest value use or uses; promote transparent and nondiscriminatory spectrum management policies; embrace technology neutrality; adopt flexible use measures for wireless broadband services; ensure affordability; manage spectrum efficiently; harmonize regional and international standards and practices; enable and encourage spectrum to move to its highest value use or uses; and to the extent possible, promote both certainty and flexibility. 

The order of the frequency arrangements does not imply any priority. Administrations may implement any of the recommended frequency arrangements to suit their national conditions. The administrations should consider geographical neighboring deployments as well as matters related to achieving economies of scale, facilitating roaming, and measures to minimize interference.

The spectrum allocation for the mobile broadband shall be in technology neutral basis to facilitate for the deployment of effective and efficient technology in the market which will also provide an early upgrade path to take account of more affordable devices in the market. 

The working Group had intensive discussion on the matter of spectrum allocation and it was agreed to determine the common and harmonized mobile broadband 	spectrum band in the SATRC member countries so that it will  facilitate regional/worldwide compatibility; and facilitate international roaming. The principle to enable and encourage spectrum to move to its highest value use  or uses- continue review and planning, promote both certainty and flexibility to the extent possible, and investigation to explore potential band for mobile broadband are key aspects to  address the mobile broadband spectrum. It is very appropriate to use of improved technologies, such as coding, to improve overall spectrum efficiency with appropriate network Architecture. The lower frequency bands have better building penetration and smaller foliage losses are more cost effective and have larger coverage. It is appropriate to make arrangement to deploy IMT advanced technologies can at lower bands is proving to be most effective for deployment in rural or high-cost regions. 

The WG has concluded that additional work has to be performed for the calculation/estimation of requirement of the member countries relating to the broadband spectrum requirement. The WG meeting held in Iran has agreed to estimate the spectrum requirement in each of the member countries in line with the Questionnaire (prepared and already circulated by the Team Leader of the Report for Spectrum Requirement for Mobile Broadband) by the team members of the WG. The expert of the member countries could not able to avail/provide the response relating to the Questionnaire with the country specific scenario and requirement so far.  Also there is an agenda for the allocation of additional spectrum for the mobile broadband in the upcoming WRC'15. In this connection, it has been decided to continue this working item for additional one year. 

5.  CONCLUSIONS & RECOMMENDATIONS
The working Group on Spectrum has drawn the following conclusions and recommendations:

5.1 The WG could not finalize the country specific/regional requirement for the Mobile Broadband due to different shortcomings and challenges so far. In this context, it is recommended to continue this working item for additional one year till the WRC'15. 

5.2 It is also recommended to the SATRC/APT to arrange a Workshop with special focus for the participation of the related working Group members of the WG to make them familiar for the calculation of spectrum requirement for the mobile broadband. The renowned expert will train/guide/assist the WG members to calculate the actual requirement of the mobile broadband spectrum through the Workshop taking into the consideration of international trends and practices with special focus on ITU calculation methodologies. Then afterwards the exact requirement of the spectrum in each of the SATRC countries shall be contributed by the each WG expert on spectrum based on the ITU spectrum calculation methods using the related attribute parameters and send the same to the Team leader to prepare the modified final report to enable timely identification of additional IMT spectrum. Further work could be undertaken to investigate the different amounts of spectrum required in urban, suburban and rural areas of the SATRC member countries.

5.3 Since the WG could not finalize the actual country/regional spectrum requirement, it is recommended to have further work within next 1 year, however the WG agreed on the following  facts.It is intended to complete this task prior to the ITU WRC'15. It is also noted that the agenda items of WRC-15 AI 1.1 dealing with spectrum matters for IMT is to consider additional spectrum allocations to the mobile service on a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC-12);

	5.3.1 It was agreed for the identification of additional frequency bands for IMT to 	facilitate the development of terrestrial mobile broadband applications in the SATRC 	member countries. It is relevant continually to review, and plan for further Mobile 	Broadband spectrum bands. 

	5.3.2. The exact Spectrum Bandwidth requirement in the SATRC member countries varies from country to country as per the applicable attributes including the market demand, service environment, Radio Environment, demography etc. In order to balance spectrum availability with the legitimate public goal of maximizing the price of the country’s spectrum resources, it is appropriate that a staged approach to the release of new spectrum be adopted for mobile broadband

	5.3.3 It is agreed  to estimate additional spectrum  needed for the year 2020, distributed in three band ranges – low band (<1GHz), mid-to-high band (1-3GHz) and high band (3-6GHz), to support the explosive traffic increase and higher performance expectation in the SATRC member countries.  It is agreed that the new spectrum for IMT should be identified mainly below 6 GHz due to technical reasons identified in Report ITU-R M.2074.
· Low bands (< 1GHz) – mainly used for macro network to provide coverage 
· Low-to-mid bands (1-3GHz) – mainly used for macro and micro network to  provide coverage/capacity
· Mid-to-high bands (3-6GHz) – mainly use for micro/pico/hotspots network and Wireless Sensor Networks to provide high capacity and performance.
.
	5.3.4 Although there are varieties of usage in different IMT candidate bands, SATRC countries may consider the following (but not limited to) bands for mobile broadband applications: 470-694/698 MHz, 694-790 MHz, 1300-1900 MHz, 1980-2010 MHz paired with 2170-2200 MHz, 1900- 1920/2090-2110 MHz, and 2025-2025/2200-2215 MHz, 2700-2900 MHz, 3400 - 4200 MHz, 4400-4990 MHz  as far as possible to provide cellular coverage network taking into the consideration of regional/global harmonization. 700 MHz is very important spectrum which brings significant amount of high quality spectrum for mobile broadband and is suitable to take into consideration for the harmonization or compatibility usage for economies of scale and effective/efficient utilization of the band.

5.3.5 It is agreed to determine the common and harmonized mobile broadband spectrum band in the SATRC member countries so that it will:
· facilitate regional/worldwide compatibility; and
· facilitate international roaming.

5.3.6 It was agreed to identify the regionally (and globally as far as applicable) harmonized IMT bands capable of delivering quality mobile broadband applications in line with the Recommendation ITU-R M.1036-3 dealing with Frequency arrangements for implementation of the terrestrial component of IMT in the bands identified for IMT in the Radio Regulations (RR)’ as guidance on the selection of transmitting and receiving frequency arrangements for the terrestrial component of IMT systems. The frequency arrangements shall be used from the point of view of enabling the most effective and efficient use of the spectrum to deliver IMT services – while minimizing the impact on other systems or services in these bands – and facilitating the growth of IMT systems. The order of the frequency arrangements does not imply any priority. Administrations may implement any of the recommended frequency arrangements to suit their national conditions. The administrations should consider geographical neighboring deployments as well as matters related to achieving economies of scale, facilitating roaming, and measures to minimize interference.


Annex-1
PAKISTAN
 
QUESTIONNAIRE ON WORK ITEM “STUDY OF REGIONAL REQUIREMENTS AND AVAILABILITY OF SPECTRUM FOR MOBILE BROADBAND” - PAKISTAN


Considering the rapid increase in the volume of data traffic in the past few years which is accelerated by the introduction of new technologies and their related applications, this Questionnaire is developed to
· collect the information on the recent usage of mobile communication system in order to see the change of total volume of mobile communication traffic in each country towards the future
· gather information on the mobile market and services expected to be used from around 2012 to 2020
The survey results will be used for the analysis and forecast of services and market aspects which leads to the estimation of the spectrum requirements for future development of mobile broadband and suggestion of harmonized approach to make the spectrum bands available for wireless broadband.

Questions
Identification of Your Organization
Name of the organization	:            Pakistan Telecommunication Authority
Name of contact person		: Ikram Ul Haq Kiani
Email Address 			: ikram@pta.gov.pk	
NOTE: You do not necessarily respond to all the questions in this Questionnaire. Please provide any relevant information and your considerations as much as possible.
A. Mobile Band Usage 
1. Considering that the ITU Radio Regulations identify the bands in the following table as intended for use by administrations wishing to implement IMT, including IMT-2000 and IMT-Advanced,
	Band (MHz)
	Footnotes identifying the band
for IMT

	450-470
	5.286AA

	698-960
	5.312A, 5.313A; 5.317ª

	1 710-2 025
	5.384A, 5.388

	2 110-2 200
	5.388

	2 300-2 400
	5.384ª

	2 500-2 690
	5.384ª

	3 400-3 600
	5.430A, 5.432A, 5.432B, 5.433A



What frequency bands and which cellular technologies are currently used for your mobile network in your country? Please provide detail information, for example, based on the following table format. 

	Frequency bands
	Currently used Cellular technologies in your mobile network

	UL: X1 MHz ~ X2 MHz
DL: Y1 MHZ ~ Y2 MHz
	AAA1(*)

	TDD: Z1 MHz ~ Z2 MHz 
	AAA2(*)


	
(*) Please describe the cellular technologies such as, GSM, CDMA, WCDMA, HSPA, HSPA+, DC-HSPA, LTE(FDD), LTE(TDD), CDMA2000, EV-DO, WiMAX, etc.)


The table below identifies the frequency bands along with technologies that are currently used for mobile/Wireless network in Pakistan.
	Sr.No 
	Spectrum 
	Frequency Details 
	Technology Used 

	1 
	450MHz 
	 UL=452.5-457.6 MHz,    DL= 462.5-467.6 MHz       (2x 5 MHz BW)
	CDMA  

	2 
	479MHz 
	UL=479-483.48 MHz,     DL= 489-493.48 MHz  (2x 4 MHz BW)
	CDMA 

	3 
	1900MHz 
	UL=1880-1885 MHz ,      DL= 1960-1965 MHz 
 UL=1890-1900 MHz ,    DL= 1970-1980 MHz  (2x5 MHz Bw)
	CDMA 2000,EV-DO 

	4 
	900MHz 
	UL=882.5-914.9 MHz,     DL= 927.5-959.9 MHz ( ~ 2x35 MHz BW)
	GSM 

	5 
	1800MHz 
	UL=1710-1745.7 MHz,  DL= 1805-1840.7 MHz  ( 2x 36 MHz BW)
	GSM 

	6 
	3.5 GHz 
	3415.25-3562.25 MHz- Time Division duplex  ( 147 MHz BW)
	WiMAX 


                                           Total   = 317 MHZ BW
Note: Auction for Next Generation Mobile Services/3G/4G 850/1800/2100 MHz band, 30MHz/operator for 6 operators = 180 MHz BW
                                     
                                       Total  Cellular Spectrum BW = 497 MHz 

2. In addition to the cellular technologies listed in Q1, what kinds of other Radio Access Technologies (RATs) (e.g. Wi-Fi,) are used for your mobile network? Please provide detail information on the RATs and their purposes in your mobile network? 
· Other RATs WiFi
· Purposes Internet

B. Recent usage of mobile communication system
3. What's the total number of subscription per year, estimated traffic volume of mobile communication per year in the unit of Giga Bytes during past five years, including voice and data? If separation on voice and data is possible, please provide the data of each one.
Please provide detail annual information, for example, based on the following table format.
										
	The end of the year
	2006-07
	2007-08
	2008-09
	2009-10
	2010-11

	The number of 
subscriptions of
mobile phone
	62.3 Million
	88 Million
	94.3 Million
	99.2 Million
	100    Million

	Population estimate
	161.51 Million
	164.44 Million
	167.44 Million
	170.49 Million
	173.59 Million

	Estimated voice traffic volume
	
	
	
	
	

	Estimated data traffic volume
	
	
	
	
	



C. Potential future market aspects and services

C-1. Services and Application
4. What are the new services or applications that have gained popularity among large number of users in your mobile network in past few years? If necessary, please provide detail description.
Premium Rate Short Message Services, Location based
5. What are the services or applications that generate large amount of mobile data traffic in your mobile network?
SMS and GPRS/EDGE
6. What would be the basic services & applications in the future in your mobile network?
Electronic banking
7. What would be the expected profitable services and applications in the future in your mobile network?
Electronic banking

C-2. Developments and Operations

8. What are the mobile network factors that you considered the most influencing to decide on if the mobile network should be evolved or not? 
a. [bookmark: Check_11_a]Coverage				|X| <please provide details here>
b. Mobile penetration			|X| <please provide details here>
c. Traffic volume 				|_| <please provide details here>
d. Service and application			|X| <please provide details here>
e. Technology and industry progress	|_| <please provide details here>
f. Others					|_|  <please describe your answer here>

9. Do you have a mobile broadband deployment plan of your country? 
a. Yes.		|_| 
b. No.		|X|
10. If the answer to Q9 is yes, what kind of mobile broadband deployment plans do you have?
a. Area coverage by 2020?	   <please describe your answer here>
b. Population coverage by 2020?	   <please describe your answer here>
c. Available spectrum by 2020? 	   <please describe your answer here>
d. Number of forecasted mobile broadband users by 2020? <please describe your answer here>
e. Forecasted traffic volume of mobile communication including voice and data up to 2020. If separation on voice and data is possible, please provide the data of each one? <please describe your answer here>
f. Others |_| <please provide details here>

11. What are the principles that you take into account during your spectrum planning?
a. Global harmonization					|X| 
b. Easily to be deployed and used				|_| 
c. Impact of the services/applications in the adjacent bands	|_|
d. Low CAPEX and OPEX					|_|
e. Others					|_| <please describe your answer here>
12. What are the industry progress factors that influence your decision on spectrum management and network deployment?
a. Maturity of commercialization network	|X| 
b. Terminal availability			|_| 
c. Terminal price				|_| 
d. Others					|_| <please describe your answer here>

____________







































 

 



	AFGHANISTAN
QUESTIONNAIRE ON WORK ITEM “STUDY OF REGIONAL REQUIREMENTS AND AVAILABILITY OF SPECTRUM FOR MOBILE BROADBAND” -AFGHANISTAN


Considering the rapid increase in the volume of data traffic in the past few years which is accelerated by the introduction of new technologies and their related applications, this Questionnaire is developed to
· collect the information on the recent usage of mobile communication system in order to see the change of total volume of mobile communication traffic in each country towards the future
· gather information on the mobile market and services expected to be used from around 2012 to 2020
The survey results will be used for the analysis and forecast of services and market aspects which leads to the estimation of the spectrum requirements for future development of mobile broadband and suggestion of harmonized approach to make the spectrum bands available for wireless broadband.

Questions
Identification of Your Organization
Name of the organization	: Afghanistan Telecom Regulatory Authority 
Name of contact person	: Zabihullah Faizi 
Email Address 		: Mohammad  Jan Khan  Watt  Kabul MCIT Building  Afghanistan
NOTE: You do not necessarily respond to all the questions in this Questionnaire. Please provide any relevant information and your considerations as much as possible.
A. Mobile Band Usage 
13. Considering that the ITU Radio Regulations identify the bands in the following table as intended for use by administrations wishing to implement IMT, including IMT-2000 and IMT-Advanced,
	Band (MHz)
	Footnotes identifying the band
for IMT

	450-470
	5.286AA

	698-960
	5.312A, 5.313A; 5.317ª

	1 710-2 025
	5.384A, 5.388

	2 110-2 200
	5.388

	2 300-2 400
	5.384ª

	2 500-2 690
	5.384ª

	3 400-3 600
	5.430A, 5.432A, 5.432B, 5.433ª



What frequency bands and which cellular technologies are currently used for your mobile network in your country? Please provide detail information, for example, based on the following table format. 

	Frequency bands
	Currently used Cellular technologies in your mobile network

	UL: X1 MHz ~ X2 MHz
DL: Y1 MHZ ~ Y2 MHz
	AAA1(*)

	TDD: Z1 MHz ~ Z2 MHz 
	AAA2(*)


	
	Frequency bands
	Currently used Cellular technologies in your mobile network

	UL 880-915 MHz
DL 925-960 MHz
2x35 MHz BW
	E/ GSM 900


	UL 1710-1785 MHz
DL 1805-1880 MHz
2x75 MHz BW
	DCS-1800

	UL 824-849 MHz
DL 869-894 MHz
2x11 MHz BW
	CDMA

	UL 1920-1980 MHz
DL 2110-2170 MHz
2x60 MHz BW
	WCDMA,HSPA+

	3300-3600 MHz
300 MHz BW
	WiMax

	2400-5800 MHz

	WiFi


                    Total  Cellular Spectrum=  527 MHz BW
(*) Please describe the cellular technologies such as, GSM, CDMA, WCDMA, HSPA, HSPA+, DC-HSPA, LTE(FDD), LTE(TDD), CDMA2000, EV-DO, WiMAX, etc.)
14. In addition to the cellular technologies listed in Q1, what kind of other Radio Access Technologies(RATs) (e.g. WiFi,) are used for your mobile network? Please provide detail information on the RATs and their purposes in your mobile network? 
Other RATs 		<please describe your answer here>
Purposes		<please describe your answer here>

B. Recent usage of mobile communication system
15. What's the total number of subscription per year, estimated traffic volume of mobile communication per year in the unit of Giga Bytes during past five years, including voice and data. If separation on voice and data is possible, please provide the data of each one.
Please provide detail annual information, for example, based on the following table format.

	The end of the year
	2007
	2008
	2009
	2010
	2011

	The number of 
subscriptions of
mobile phone
	6 Million
	8.5 Million
	12.4 Million
	15.3 Million
	17.6 Million

	Population estimate
	19%
	28.4%
	41.3%
	51%
	58.6%

	Estimated voice traffic volume
	
	
	
	
	

	Estimated data traffic volume
	
	
	
	
	



C. Potential future market aspects and services

C-1. Services and Application
16. What are the new services or applications that have gained popularity among large number of users in your mobile network in past few years? If necessary, please provide detail description.
Answer: internet Access,SMS,remote recharging
17. What are the services or applications that generate large amount of mobile data traffic in your mobile network?
Answer: internet Access and WAP
18. What would be the basic services & applications in the future in your mobile network?
Answer: electronic payment and broadband internet
19. What would be the expected profitable services and applications in the future in your mobile network?
Answer: internet Access and Mobile voice

C-2. Developments and Operations

20. What are the mobile network factors that you considered the most influencing to decide on if the mobile network should be evolved or not? 
g. Coverage				|_| <please provide details here>
h. Mobile penetration			|_| <please provide details here>
i. Traffic volume 				|_| <please provide details here>
j. Service and application			|_| <please provide details here>
k. Technology and industry progress		|_| <please provide details here>
l. Others			|_|  <please describe your answer here>

21. Do you have a mobile broadband deployment plan of your country? 
a. Yes.		|X| 
b. No.		|_|
22. If the answer to Q9 is Yes, what kind of mobile broadband deployment plans do you have?
g. [bookmark: txt_11]Area coverage by by 2020?	   <please describe your answer here>
h. Population coverage by 2020?	   <please describe your answer here>
i. Available spectrum by 2020? 	   <please describe your answer here>
j. Number of forecasted mobile broadband users by 2020? <please describe your answer here>
k. Forecasted traffic volume of mobile communication including voice and data up to 2020. If separation on voice and data is possible, please provide the data of each one? <please describe your answer here>
l. Others |_| <please provide details here>

23. What are the principles that you take into account during your spectrum planning?
a. Global harmonization					|X| 
b. Easily to be deployed and used				|X| 
c. Impact of the services/applications in the adjacent bands	|_|
d. Low CAPEX and OPEX					|_|
e. Others					|_| <please describe your answer here>
24. What are the industry progress factors that influence your decision on spectrum management and network deployment?
a. Maturity of commercialization network	|X| 
b. Terminal availability			|X| 
c. Terminal price				|_| 
d. Others					|_| <please describe your answer here>







SRI LANKA
QUESTIONNAIRE REGARDING REQUIREMENTS AND AVAILABILITY OF SPECTRUM FOR MOBILE BROADBAND

Considering the rapid increase in the volume of data traffic in the past few years which is accelerated by the introduction of new technologies and their related applications, this Questionnaire is developed to collect the information on the recent usage of mobile communication system in order to see the change of total volume of mobile communication traffic in each SATRC country towards the future and to gather information on the mobile market and services expected to be used from around 2014 to 2020 for the analysis and forecast of services and market aspects which leads to the estimation of the spectrum requirements for future development of mobile broadband and suggestion of harmonized approach to make the spectrum bands available.

1. What's the total number of subscription per year, traffic volume of mobile communication per year in the unit of Giga Bytes during past five years, including voice and data? If separation on voice and data is possible, please provide the data of each one. Please provide detail annual information, for example, based on the following table format.  Elaborate the Subscriptions with Mobile Subscriber Growth Rate (with Pictural Presentation-Bar Chart) since 2008 to 2013.

										
	
	

	The end of the year
	2008
	2009
	2010
	2011
	2012
	2013

	The number of 
subscriptions of
mobile phone
	11082454
	14264442
	17267407
	18319447
	20234070
	20315150

	Population estimate
	
	20450000
	20653000
	20869000
	20277597
	20480000

	 voice traffic volume (Billion) in Minutes
	
	
	
	
	43.3
	52.5

	Data traffic volume
	
	
	
	
	N/A
	N/A



2.  Estimate the traffic volume of mobile communication per year in the unit of Giga Bytes including voice and data till 2020 as per the followings? Elaborate the Subscriptions with Mobile Subscriber Growth Rate (with Pictural Presentation-Bar Chart) since 2015 to 2020.

	
	2015
	2016
	2017
	2018
	2019
	2020

	The number of 
subscriptions of
mobile phone
	
	
	
	
	
	

	Population estimate
	
	
	
	
	
	

	 voice traffic volume (Billion)
	
	
	
	
	
	

	Data traffic volume
	
	
	
	
	
	


 
3. What are the new services or applications that have gained popularity among large number of users in your mobile network in past few years? If necessary, please provide detail description. (e.g. Mobile Internet Applications (e.g. Facebook, Twitter, email, Voice, Internet access, games, e-commerce, remote education, telemedicine, multimedia applications) Mobile Internet, Mobile Banking, Mobile Cash Exchange, Online Gamming
4. What are the services or applications that generate large amount of mobile data traffic in your mobile network? Mobile Internet, Online Gamming 
5. What would be the basic services & applications in the future in your mobile network? Voice, Internet
6. What would be the expected profitable services and applications in the future in your mobile network? Internet

7. Provide the number of 2G, 3G, and 4G Base Stations since 2008 to 2013. Also provide your estimation/forecast for Network 2G, 3G and 4G Base stations upto 2020. Exact details are not available

8.  What would be the spectrum requirement for the deployment of 2G, 3G, and 4G networks till 2020 in your country? Use appropriate/rational Model for the Calculation of spectrum with annual growth. 

9. What would be the technical process of estimating the spectrum requirements for 	mobile communications? Elaborate in respect of Definition of services, Market 	expectations, Technical and operational framework, and Spectrum calculation 	method. 

10.	What would be the estimated voice traffic and data traffic in the Geotypes- Rural, sub-urban, and urban areas for Spectrum BW Required for 2G, 3G & 4G spectrum? 

11. Do you have specific plan for launching of 4G network. If yes provide the scheduled plan for the deployment. Already Deployed LTE in 1.8G, 2.3G and 2.6G bands 

12. What are some of the emerging technologies that providers may consider deploying in their respective network architecture in the next 8 years i.e by 2020 ? Advanced IMT Technologies

13. What type of Radio environment (RE) do you explore in the future upto 2020 in your country? Note that REs are defined by the cell layers in a network consisting of hierarchical cell layers, i.e. macro, micro, pico and hot-spot cells. Depend on the requirement and coverage

14. Point out the different existing spectrum bands/bandwidth those are available for mobile celular technologies in your country. Mention with the lower and upper frequency along with the corresponding BW.
	
880-915MHz paired with 925-960MHz = 2x25
	1710-1785MHz paired with 1805-1880MHz= 2x75
	1905-1920MHz unpaired= 15
	1920-1980MHz paired with 2110-2170MHz=2x60
      					Total = 335 MHz

15.  Explore the possible spectrum bands/BW for the celluar mobile technologies to be availed to cater the market demand by 2020 in your country. Point out the possible bands along with the BW.
	698-806MHz
16. What are the mobile network factors that you considered the most influencing to decide on if the mobile network should be evolved or not? 
a. Coverage				X <please provide details here>
b. Mobile penetration			X <please provide details here>
c. Traffic volume 			X <please provide details here>
d. Service and application		X <please describe your answer here>
e. Technology and industry progress	X <please provide details here>
f. Others					|_|  <please describe your answer here>
17.	Do you have a mobile broadband deployment plan? 
g. Yes.		X 
h. No.		|_|


18. what kind of mobile broadband deployment plans do you have?
m. Area coverage by 2020?	   <please describe your answer here>
n. Population coverage by 2020?	Increase broadband penitration more than 60%
o. Available spectrum by 2020? 	   Availability of 700MHz band
p. Number of forecasted mobile broadband users by 2020? 05
q. Forecasted traffic volume of mobile communication including voice and data up to 2020. If separation on voice and data is possible, please provide the data of each one? <please describe your answer here>
r. Others |_| <please provide details here>

19.	What are the principles that you take into account during your spectrum planning?
i. Global harmonization					X
j. Easily to be deployed and used				|_| 
k. Impact of the services/applications in the adjacent bands	X
l. Low CAPEX and OPEX					|_|
m. Others					|_| <please describe your answer here>

20. What are the factors that influence your decision on spectrum management and  	network deployment?
n. Maturity of commercialization network	|_| 
o. Terminal availability			|_| 
p. Terminal price				|_| 
q. Others					|_| <please describe your answer here>

21. Provide any other relevant issues regarding the spectrum requirement for mobile broadband.




NEPAL
QUESTIONNAIRE REGARDING REQUIREMENTS AND AVAILABILITY OF SPECTRUM FOR MOBILE BROADBAND

Considering the rapid increase in the volume of data traffic in the past few years which is accelerated by the introduction of new technologies and their related applications, this Questionnaire is developed to collect the information on the recent usage of mobile communication system in order to see the change of total volume of mobile communication traffic in each SATRC country towards the future and to gather information on the mobile market and services expected to be used from around 2014 to 2020 for the analysis and forecast of services and market aspects which leads to the estimation of the spectrum requirements for future development of mobile broadband and suggestion of harmonized approach to make the spectrum bands available.

1. What's the total number of subscription per year, traffic volume of mobile communication per year in the unit of Giga Bytes during past five years, including voice and data? If separation on voice and data is possible, please provide the data of each one. Please provide detail annual information, for example, based on the following table format.  Elaborate the Subscriptions with Mobile Subscriber Growth Rate (with Pictural Presentation-Bar Chart) since 2008 to 2013.
										
	
	

	The end of the year
	2008
	2009
	2010
	2011
	2012
	2013

	The number of 
subscriptions of
mobile phone
	
	6,387,196
	10,041,499
	1,33,54,477
	
	

	Population estimate
	
	
	
	
	
	

	 voice traffic volume (Billion) in Minutes
	
	
	
	
	
	

	Data traffic volume
	
	
	
	
	
	



2.  Estimate the traffic volume of mobile communication per year in the unit of Giga Bytes including voice and data till 2020 as per the followings? Elaborate the Subscriptions with Mobile Subscriber Growth Rate (with Pictural Presentation-Bar Chart) since 2015 to 2020.

	
	2015
	2016
	2017
	2018
	2019
	2020

	The number of 
subscriptions of
mobile phone
	
	
	
	
	
	

	Population estimate
	
	
	
	
	
	

	 voice traffic volume (Billion)
	
	
	
	
	
	

	Data traffic volume
	
	
	
	
	
	



 
3. What are the new services or applications that have gained popularity among large number of users in your mobile network in past few years? If necessary, please provide detail description. (e.g. Mobile Internet Applications (e.g. Facebook, Twitter, email, Voice, Internet access, games, e-commerce, remote education, telemedicine, multimedia applications) 
Mobile Internet, Mobile Banking, Mobile Cash Exchange, Online Gaming, Social Packs ( Facebook, Twitter, Linkedin),Email (Outlook, Gmail),Chat (Facebook, Gmail, Mig33, Yahoo, MSN ), Messaging services (Whatsapp, Line, Viber, Wechat, Skype),News (ekantipur, Onlinekhabar), Streaming( Youtube, Daily Motion),Online TV( Starsports, Starplus), Online Games( Temple Run, Subway surf, Candy Crush), 2P based services (Torrent),Movie and songs downloads

4. What are the services or applications that generate large amount of mobile data traffic in your mobile network? 
· Mobile Internet,
· Online Gaming, 
· Social Packs
· streaming, 
· News based services 
· URL based services (Facebook pack)
· IPTV (Mobile TV)
· Fiber to your home
· Ecommerce
· Video conferencing
· Online Games
· Messaging services
· Cloud based services
· Machine2Machine
· Telemedicine
· Mobile Money
· Streaming services
· Remote Education
· Chat based services
· Email services
· News based services

5. What would be the expected profitable services and applications in the future in your mobile network? 
· IPTV
· Messaging services
· Telemedicine
· Remote Education
· Video Conferencing
· Streaming services
· Mobile Money
· E-commerce
· Mobile Advertising


6. Provide the number of 2G, 3G, and 4G Base Stations since 2008 to 2013. Also provide your estimation/forecast for Network 2G, 3G and 4G Base stations upto 2020. Exact details are not available

7. What would be the spectrum requirement for the deployment of 2G, 3G, and 4G networks till 2020 in your country? Use appropriate/rational Model for the Calculation of spectrum with annual growth. 
Not Available

8. What would be the technical process of estimating the spectrum requirements for 	mobile communications? Elaborate in respect of Definition of services, Market expectations, Technical and operational framework, and Spectrum calculation method. 

It is necessary to take into account the demand of services, effective and efficient technical and operational framework with optimal spectral efficiency. The calculation has to consider the number of base stations within a given market and scope for future site densification. The spectrum calculation model has also has to consider the traffic load per site applicable for both the data and voice.  

9. What would be the estimated voice traffic and data traffic in the Geotypes- Rural, sub-urban, and urban areas for Spectrum BW Required for 2G, 3G & 4G spectrums? 
Details not available

10. Do you have specific plan for launching of 4G network. If yes provide the scheduled plan for the deployment. 

Not defined yet, however the band 700 MHz and 2600 MHz is identified for the LTE

11. What are some of the emerging technologies that providers may consider deploying in their respective network architecture in the next 8 years i.e by 2020? 

Considering the mobile technology growth in emerging market as well as the developed market, the same evolution path, i.e. evolving from 2G voice centric to 3G, LTE/ data centric. Apart from that with data boom, the data offloading via Wifi technology might be the emerging technology.


12. What type of Radio environment (RE) do you explore in the future upto 2020 in your country? Note that REs are defined by the cell layers in a network consisting of hierarchical cell layers, i.e. macro, micro, pico and hot-spot cells. 

Depend on the requirement and coverage

Considering the data demand, deployment of the hierarchical cell layer with micro, Pico cells to serve the enterprise client to provide better indoor network as most of the data are coming from indoors. 

13.    Point out the different existing spectrum bands/bandwidth those are available for mobile cellular technologies in your country. Mention with the lower and upper frequency along with the corresponding BW.
	824-844 MHz paired with 869-879 MHz: CDMA800                   2x10 MHz BW
880-915MHz paired with 925-960MHz: GSM 900                        2x35 MHz BW
	1710-1785MHz paired with 1805-1880MHz: GSM 1800              2x75 MHz BW
	1920-1980MHz paired with 2110-2170MHz	: 3G/IMT-2000        2x60 MHz BW
      2300-2400 MHz unpaired:   	 BWA/IMT-Advanced                   100 MHz BW
      2500-2690 MHz               :       BWA/IMT-Advanced	        190 MHz	
      3300-3400 MHz	     :	BWA/WiMAX/IMT Advanced     100 MHz
     700   MHz 		     :     IMT Advanced/LTE		        108 MHz
                                                
                                               Total Spectrum BW                     =  858 MHZ
			

14. Explore the possible spectrum bands/BW for the celluar mobile technologies to be availed   to cater the market demand by 2020 in your country. Point out the possible bands along with the BW.
	 450 MHz/700 MHz/ 2700 MHz/ 3400-4200 MHz/ 4400-4900 MHz

15. What are the mobile network factors that you considered the most influencing to decide on if the mobile network should be evolved or not? 
a. Coverage				X <please provide details here>
b. Mobile penetration			X <please provide details here>
c. Traffic volume 			X <please provide details here>
d. Service and application		X <please describe your answer here>
e. Technology and industry progress	X <please provide details here>
f. Others					|_|  <please describe your answer here>
16.	Do you have a mobile broadband deployment plan? 
g. Yes.		|_| 
h. No.		X |_| No Specific Deployment Plan , however the 3G/4G licensing would    be carried out


17. what kind of mobile broadband deployment plans do you have?
a. Area coverage by 2020?	   <please describe your answer here>
b. Population coverage by 2020?	Increase broadband penitration more than 60%
c. Available spectrum by 2020? 	   Availability of 700MHz band
d. Number of forecasted mobile broadband users by 2020? 05
e. Forecasted traffic volume of mobile communication including voice and data up to 2020. If separation on voice and data is possible, please provide the data of each one? <please describe your answer here>
f. Others |_| <please provide details here>

18.	What are the principles that you take into account during your spectrum planning?
i. Global harmonization					X
j. Easily to be deployed and used			 X
k. Impact of the services/applications in the adjacent bands	X
l. Low CAPEX and OPEX					|_|
m. Others					|_| <please describe your answer here>
19. What are the factors that influence your decision on spectrum management and  	network deployment?
n. Maturity of commercialization network	X |_| 
o. Terminal availability				X |_| 
p. Terminal price					X |_| 
q. Others					|_| <please describe your answer here>

20. Provide any other relevant issues regarding the spectrum requirement for mobile broadband.




























	Contact:
	MIN PRASAD ARYAL
Nepal Telecommunication Authority
	Email: mparyal@nta.gov.np 
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