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1	Introduction
This Report considers estimation of spectrum bandwidth requirements for IMT and other terrestrial mobile broadband applications in Region 3 related to WRC-15 agenda item 1.1. Spectrum bandwidth requirements contributed from each country are summarized in the main body of this Report and their details are annexed to this Report.
2	Market Trend and Technology Development
In 2012, APT Wireless Group (AWG) developed the APT Report on “Survey of trend and forecast on mobile communications in APT countries,” which is based on the responses to the Questionnaire from some APT member countries (APT/AWG/REP-28). This APT Report gathers information that includes some facts and data on subscriptions, network deployment and traffic as well as forecast of mobile communications. According to this Report, market trend and technology development in APT countries are summarized as follows:
–	“A continuous growth on the number of mobile subscriptions has been observed in the last several years.”
–	“A continuous growth on the mobile data traffic has been observed in the last several years and this trend is expected to continue because of the increased penetration of various kinds of mobile devices and Internet-based mobile applications, evolution of mobile network, and so on.”
–	“It is also expected that further evolution and innovation of mobile communications will provide more enhanced existing services (e.g., voice, streaming, social networking) and inspire various kinds of new services (e.g., for improved life quality, security and safety, education, etc.).”
2.1	IMT Development in China
IMT subscribers in China have maintained rapid growth and the increase in 3G users keeps steady. The total number of IMT subscribers in China reached 1.18 billion by the end of 2013Q2. Through four and a half years development, 3G industry in China has come into a benign stage and 3G market is accelerating. By Q2 2013, the total number of 3G Subscribers was over 318 million with penetration rate of over 27%. 
[image: ]
FIGURE 1 
Mobile Subscriptions Growth in China (Source: MIIT of China) 
[bookmark: _Toc338939235]Mobile internet has become the most popular service among IMT users. By the end of 2013Q2, nearly 70% of IMT subscribers in China uses mobile internet, i.e., about 800 million mobile internet subscribers. 
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FIGURE 2 
Mobile Internet Subscribers (Source: MIIT of China)
According to the statistical data in the first half of 2013, the total mobile internet traffic currently in China is nearly 100 PB per month, and one mobile internet subscriber consumes nearly 120MB data traffic per month.  
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FIGURE 3 
Mobile Internet Traffic (Source: MIIT of China)
On July 18 2012, Ministry of Industry and Information Technology (MIIT) of China officially approved the deployment plan of TD-LTE expanded trial in china. The number of cities and network scale are much larger compared with the TD-LTE large-scale trial that finished during May 2012. At this phase, the trial will focus on the pre-commercial deployment, network operation and friendly user test. 
China is currently preparing for the commercial deployment of LTE networks.
3	Methodology Overview
3.1	Methodology 1 – Recommendation ITU-R M.1768-1
Recommendation ITU-R M.1768 was firstly released in 2006. Based on detailed service/traffic/environment categories, the methodology in M.1768 estimates the future traffic per cell within different scenarios, and then takes the number of networks, network performance, spectrum efficiencies and other practical deployment factors into consideration to calculate the total spectrum requirement. 
In April 2013, this Recommendation was updated to M.1768-1, which includes the following two changes in the methodology itself and several editorial updates:
–	Introduction of the granularity concept of spectrum deployment per operator per radio environment for improved increments.
–	Due to the enhancement of network deployment in IMT-Advanced, the spectrum sharing approach between different radio environments in IMT-Advanced (RATG 2) is changed to allow macro cells and micro cells to use the same frequencies. This change may impact the spectrum efficiencies which have to be taken into account in the input parameter values.
The generic flow of M.1768-1 methodology is given below. More detailed descriptions of the methodology could be found in (1).
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FIGURE 4
Flow chart of Recommendation ITU-R M.1768-1 Methodology
At the 16th meeting of WP 5D, work commenced on updating the user guide for the IMT spectrum requirements estimation tool using the methodology described in Recommendation ITU-R M.1768-1. A section of the User Guide outlines the sensitivities related to the application of the methodology in regards to the input parameters and the methodology itself. It is recognised in the User Guide that that methodology is general in nature and that the chosen values for a number of the input parameters are interdependent. Therefore, the output spectrum requirements are sensitive to the resultant changes to these parameters. Furthermore, it should be noted that there are a range of other factors that can have an impact on spectrum requirements. The tool should be employed with this in mind.
The following studies utilize the methodology in M.1768-1 to estimate the future spectrum requirements for IMT: 
· Spectrum requirements for IMT related to WRC-15 agenda item 1.1 by ITU-R WP 5D
· China, People’s Republic of
1) Spectrum requirements for IMT related to WRC-15 agenda item 1.1 by ITU-R WP 5D
At its 16th meeting, ITU-R WP 5D developed spectrum requirements for IMT in 2020 related to WRC-15 agenda item 1.1 and liaised to ITU-R Joint Task Group (JTG) 4-5-6-7. The following Table shows the calculated spectrum requirements by ITU-R WP 5D for both RATG 1 (i.e. pre-IMT, IMT-2000, and its enhancements) and RATG 2 (i.e. IMT-Advanced) in the year 2020. It should be noted that in the spectrum requirements calculation the deployments-related parameters of IMT, such as the cell area parameter, characterise a generalised situation for RATGs operating below 6 GHz based on the analysis in Report ITU-R M.2074.
TABLE 1
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
	1 420 MHz
	1 960 MHz


However in real situation spectrum requirement can be lower or even higher than above calculated estimation results, since estimation can be different according to assumed parameters. Therefore, it is desirable for APT Members to estimate their specific demands for IMT spectrum taking into account their traffic and market trend, radio environment, user density, deployed technologies, etc.
The methodology was developed to estimate total spectrum requirements of IMT assuming respective user density, average traffic demand and mobility ratio corresponding to each different teledensity (i.e., Dense urban/Sub-urban/Rural) and radio environment (i.e., Macro/Micro/Pico/Hot Spot) of IMT networks characterized based on the analysis in Report ITU-R M.2074. Furthermore, this estimation is based on average traffic demand (user density, session arrival rate per user, average session duration, and mean service bit rate) and does not address peak traffic demand in a specific area or at a specific time when a number of users access simultaneously.
2) China Spectrum Requirement Estimation by ITU-R M.1768-1
The IMT spectrum requirement of China is estimated by the methodology in Recommendation ITU-R M.1768-1 with some modifications.
According to the latest IMT market trends and market characteristics of China, some parameters are modified and adjusted including cell area, mobility ratio, population coverage percentage and market input parameters. 
Detailed descriptions and parameter values are given in Attachment 1 to Annex.
3.2	Methodology 2 – Parametric (Australia)
Firstly, a baseline for the spectrum demand was determined. This is the point in time where it is assumed that the demand for spectrum for IMT was met. The amount of spectrum available, the average spectral efficiency and data demand were determined for this point in time. Additionally, the actual and projected data demand from the baseline year out to the year 2020 was determined, along with the predicted spectral efficiency for future years. 
The data demand was normalized to 1 in the baseline year. For subsequent years, the data demand figure was divided by that of the baseline year to determine the percentage increase in data with reference to the baseline year. 
The spectral efficiency was normalized to 1 in the baseline year. For subsequent years, the spectral efficiency figure was divided by that of the baseline year to determine the percentage increase in spectral efficiency with reference to the baseline year. Where figures are not available for each individual year, a linear increase in efficiency was assumed. 
A spectrum reuse/infrastructure deployment factor was also determined and normalized to 1 in the baseline year. This figure represents the increasing use of additional infrastructure and use of increasingly smaller cells. Where figures are not available for each individual year, a linear increase in spectrum reuse/infrastructure deployment was assumed.
By applying the spectral efficiency and spectrum reuse/infrastructure deployment factor to the normalized data demand, a figure representing the percentage of spectrum required for each subsequent year, with reference to the baseline year, was determined. 
The application of this methodology to the Australian case is shown in Attachment 2 to Annex.
3.3	Methodology 3 (Japan)
In Japan, the “Action plan for spectrum reallocation to realize wireless broadband” was developed in November, 2010. This plan presented the following 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 1 500 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.
Based on the information on the current use of spectrum for mobile communications as well as the future spectrum allocation described in the Action Plan, the total spectrum requirements for mobile communications in Japan is estimated. 
The details of the above information are shown in Attachment 3 to Annex.
3.4	Methodology 4 (India)
India, in its National Telecom Policy 2012 (NTP-2012)[footnoteRef:1] has envisioned leveraging telecom infrastructure for “Broadband on Demand” and to enable all citizens and businesses, both in rural and urban areas, to participate in the Internet and web economy facilitating inclusive growth. With nearly one billion wireless mobile subscribers at the end of June 2012, India is today the second largest and fastest growing telecom market in the world in terms of number of wireless connections. A significant part of this growth is now taking place in smaller cities and rural areas. India has already initiated its ambitious plans on its National Broadband Policy to take the ICT/ broadband revolution to rural India, which constitutes 70% of India’s population and promote convergence between mobile and other services such as e-health, e-education, e-Governance, e-infotainment etc. on a large scale. IMT technologies will be the likely prime technology drivers for the future broadband market in India. Presently India has only 14.50 million broadband subscribers. Current subscribers using wireless technology for broadband being less than 1%, explosive growth of mobile broadband is expected in the country. The Indian Regulator has projected that wireless-base figures will be over 1000 million subscribers by March 2014. The number of mobile subscribers in urban and rural areas are estimated to be 572 million (urban) and 468 million (rural) respectively. Usage would be shifting progressively to more data intensive applications. Given the continued predominant role of wireless technologies in delivery of services in the ICT sector, NTP-2012 suggests the availability of spectrum for the telecom services including triple play (voice, video and data) for which the broadband is the key driver. Recognizing this growth of IMT services and considering the future requirements, the NTP 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. [1:  http://www.dot.gov.in/ntp/NTP-06.06.2012-final.pdf.] 

3.5	Methodology 5 – Recommendation ITU-R M.1651
1) Spectrum Requirement Estimation for Broadband Wireless Access (excluding IMT) related to WRC-15 agenda item 1.1 by ITU-R WP 5A
At the 11th meeting of ITU-R WP 5A, the spectrum requirements of broadband RLANs using the 5 GHz frequency range for the year 2018 have been developed and liaised to ITU-R JTG 4-5-6-7. These are based on  methodology in Recommendation ITU-R M.1651 “A method for assessing the required spectrum for broadband nomadic wireless access systems including radio local area networks using the 5 GHz band”  This methodology considers the home, corporate and public access environments.
TABLE 2
Total spectrum requirements of broadband RLANs 
using the 5 GHz frequency range for the year 2018 calculated by ITU-R WP 5A
	
	Corporate (MHz)
	Home (MHz)
	Public (MHz)

	Low
	880
	640
	880

	High
	2080
	1040
	1280


NOTE - It should be noted that the RLAN spectrum requirements utilizing the methodology of Recommendation ITU-R M.1651 are derived from a sum of the spectrum required to support up to 5 categories (applications) per cell, which has multiple users, in a particular operating environment (corporate, home and public).
The results of this analysis estimate the spectrum requirement for broadband RLANs using the 5 GHz frequency range in the year 2018 to be a minimum of 880 MHz: this figure includes spectrum already utilized by broadband RLANs operating in the 5 GHz frequency range. Note that this figure is the largest environment (Corporate) of the lower bound, which would also satisfy the lower bound of the other environments.
3.6	Methodology 6 – GSM Association
The model uses a country specific approach and as such, it is sensitive to assumptions about population distributions, the number of base stations assumed for a typical operator, as well as the data demand per subscriber in the busy hour (as opposed to data traffic per connections). The range of numbers chosen is in part based on what we have seen in other markets as well as the recent report and workshop that the GSMA commissioned. The data demand per subscriber typically ranges from 4 GB to 7 GB per month per subscriber for developing countries and 10 GB to 16 GB per month per subscriber for developed countries in 2020.
The model uses a conservative approach on several aspects, including the efficiency for multiple operators, guard bands between operators, quality of service, the use of  picocell offload, and the assumption that new spectrum will be assigned in a asymmetric way, to match internet traffic. 
Application of the model to several countries in Asia indicates that a total spectrum required for IMT of 1 600 to 1 800 MHz for the year 2020.
The detailed description of the methodology and example application to some countries can be found in Attachment 4 to Annex.
4	Spectrum Requirements in APT countries
4.1	Spectrum requirements contributed from each APT Member
The Table below summarizes the estimated spectrum requirements in some APT countries contributed by corresponding APT Members.
TABLE 2
Estimated spectrum requirements in some APT countries

	Countries
	China
	Australia
	Japan
	India

	Spectrum
requirements
	Total spectrum requirements of 570-690 MHz 
(Year 2015)
1490-1810 MHz
(Year 2020)
	Total spectrum requirements of approximately 
1 100 MHz
(Out to year 2020)
	Total spectrum requirements of approximately
1 825 MHz
(by around year 2020)
	Additional requirement of 300 MHz by 2017
Additional requirement of another 200 MHz by 2020


4.2	Frequency bands currently identified for IMT
At present, the following frequency bands are identified for IMT in the Radio Regulations (RR) Edition 2012. This identification does not preclude the use of these bands by any application of the services to which they are allocated or identified and does not establish priority in the Radio Regulations. It should be noted that different regulatory provisions apply to each band and that Regional deviations for each band are described in the different footnotes applying in each band, as shown in Table below
TABLE 3
Frequency bands identified for IMT in ITU Radio Regulations (Edition 2012)
	Band (MHz)
	Amount of Spectrum
	Footnotes identifying the
band for IMT
	Amount of spectrum identified for IMT in Region 3

	
	
	
	All countries
	Some countries

	450-470
	20 MHz
	5.286AA
	20 MHz
	–

	698-960
	262 MHz
	5.313A, 5.317A
	170 MHz
	92 MHz

	1 710-2 025
	315 MHz
	5.384A, 5.388
	315 MHz
	–

	2 110-2 200
	90 MHz
	5.388
	90 MHz
	–

	2 300-2 400
	100 MHz
	5.384A
	100 MHz
	–

	2 500-2 690
	190 MHz
	5.384A
	190 MHz
	–

	3 400-3 600
	200 MHz
	5.430A, 5.432A, 5.432B, 5.433A
	–
	200 MHz

	
	Total
	885 MHz
	292 MHz


Among these bands in the Table 3 above, spectrum actually available in some APT countries can be found in the APT Report on “Information of Mobile Operator's Frequencies, Technologies and License Durations in Asia Pacific Countries” (APT/AWG/REP-15(Rev.1)).
5	Conclusion
This Report provides estimation of spectrum bandwidth requirements in some Region 3 countries related to WRC-15 agenda item 1.1 based on the contributions from APT countries received so far.
The estimated total spectrum requirements in some APT countries have similar ranges compared to those estimated by ITU-R WP 5D, i.e., between 1 340 and 1 960 MHz. It should be also noted that actual spectrum available for deployment of IMT is lower than the total allocated/identified bands, due to guard bands, uplink-downlink separation, different usage of some of the bands in some countries, etc. 

Reference
 (1) Recommendation ITU-R M.1768-1, “Methodology for calculation of spectrum requirements for the terrestrial component of International Mobile Telecommunications”.


Annex
Details of each methodology for spectrum requirements estimates
Attachment 1



Attachment 2



Attachment 3
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SPECTRUM REQUIREMENT ESTIMATE ON
WRC-15 AGENDA ITEM 1.1 FOR CHINA

by



China（People’s Republic of）



1	Background

At the 13th meeting of the APT Wireless Group (AWG-12) held in Danang, Vietnam, in September 2012, a Correspondence Group (CG) on estimation of spectrum bandwidth requirements related to WRC-15 Agenda Item 1.1 was formed to carry out the related study in Region 3.

At the 14th meeting of the ITU-R WP 5D held in Los Angeles, several revisions of ITU-R M.1768 on estimate methodology were discussed and approved. The revisions include following aspects:

–	Considering packet switched based traffic would be the main service in the year 2020, the concept of “circuit switched based traffic” was deleted from ITU-R M.1768, and the concept “Reservation-based service” would be used,

–	Introduce a new parameter of “spectrum granularity” to make the spectrum requirement estimate more accurate,

–	For IMT-A system, the recent development of heterogeneous networks is leading to the direction that the different cell types are capable of being deployed on same band(s) more efficiently than previously anticipated. Therefore for RATG2, the spectrum requirements of maximum of macro and micro environment need to be added to the maximum of the Pico and Hot-spot radio environment.

According to the last 2 points of the methodology revision above, based on the latest IMT market trends and market characters of China, this contribution provides the spectrum requirement estimate results with some considerations on parameters modifications to facilitate the spectrum estimate study in APT.



2 	Spectrum requirement

Based on the revision of ITU-R M.1768 and some parameters modification, the final spectrum requirement estimate results for China are shown in Table 1.

The total spectrum bandwidth requirement for the year 2015 is calculated to be 570~690 MHz (including spectrum already in use, or planned to be used). The spectrum bandwidth requirement for the year 2020 is calculated to be 1490~1810MHz.

Table 1

Total spectrum requirement estimate 

		Spectrum requirement (MHz)



		Spectrum for

		year 2015

		year 2020



		Final

		570-690

		1490-1810







In addition, the detail spectrum requirements in each radio environment for the year 2020 are given from table2 to table4. The estimate results show that the Pico and Hotspot scenarios carry more traffic volume in dense urban environment.

Table2

Spectrum requirement estimate for dense urban

		Year 2020

		LOW

		HIGH



		

		Spectrum 

requirement ( MHz)

		Traffic

volume ratio (%)

		Spectrum 

requirement (MHz)

		Traffic

volume ratio (%)



		Macro

		510

		0.9

		530

		0.7



		Micro

		350

		4.2

		370

		3.5



		Pico

		920

		52.1

		1 220

		53.3



		HotSpot

		180

		42.8

		240

		42.5







Table3

Spectrum requirement estimate for suburban

		Year 2020

		LOW

		HIGH



		

		Spectrum 

requirement (MHz)

		Traffic

volume ratio (%)

		Spectrum 

requirement (MHz)

		Traffic

volume ratio (%)



		Macro

		330

		3.4

		450

		2.4



		Micro

		770

		45.6

		1070

		34.2



		Pico

		140

		37.9

		300

		48.3



		HotSpot

		120

		13.1

		120

		15.1







Table4

Spectrum requirement estimate for rural

		Year 2020

		LOW

		HIGH



		

		Spectrum 

requirement (MHz)

		Traffic

volume ratio (%)

		Spectrum 

requirement (MHz)

		Traffic

volume ratio (%)



		Macro

		510

		46.9

		810

		41.8



		Micro

		0

		0.0

		0

		0.0



		Pico

		120

		30.6

		120

		36.3



		HotSpot

		120

		22.5

		120

		21.9







3  Parameters modification 



The estimation is mainly based on - Recommendation ITU-R M.1768 method with some modification of the parameters. The latest market forecasting and reasonable traffic volume distribution ratios in different scenarios are taken into account when setting the parameters to try to get reasonable spectrum estimation.

3.1  	Cell area adjustment

Based on the typical cell topology in different teledensity scenarios, we adjusted the Macro cell coverage area for different teledensity and Micro cell coverage area for dense urban environment. The adjustment is based on the report ITU-R M.2135, where UMa, SMa, RMa are selected for Macro cell in DU, SU and RU, and UMi is selected for Micro in Dense Urban.

Table 5

Cell area adjustment



		Radio environment

		Teledensity



		

		DU (km2)

		SU (km2)

		RU (km2)



		Macro cell

		0.07217

		0.48711

		0.86597



		Micro cell

		0.01155

		0.1

		0.15



		Pico cell

		1.60E-03

		1.60E-03

		1.60E-03



		Hot spot

		6.50E-05

		6.50E-05

		6.50E-05





[bookmark: _GoBack]

3.2  	Mobility ratio

According to the latest market forecasting of China, there will be a fast increase of mobile data traffic in future, and it is estimated that most of the data traffic would be happened in low speed and static scenarios, such as Pico and Hotspot coverage. Mobility ratio parameters are adjusted to reduce the mobility of packet-switched service and make more data traffic be carried by Pico and Hotspot.



3.3 	Population coverage percentage

Nowadays, packet-switched services are becoming more and more popular in daily life and the traffic volume growth ratio in Pico and Hotspot scenarios are increasing obviously. We adjust the value of population coverage percentage in Pico and Hotspot scenarios to increase the traffic volume carried by these two scenarios. It can be seen that the traffic volume distribution ratio in each coverage area is more reasonable, see table2-4. 

3.4	Market input parameters

According to the latest market forecasting, we considered following three aspects:

–	The volume of package switched based traffic should be far greater than the volume of Reservation-based service,

–	The traffic volume happened in dense urban should be greater than the traffic volume happened in suburban and rural,

–	The traffic volume growth ratio in Pico and Hotspot scenarios should be greater than the traffic volume growth ratio in Macro and Micro scenarios.

According to the consideration above and study of Chinese mobile market service characters, we performed certain adjustments on the market input parameters of service category (SC1~SC20) in service environments (SE1~SE6).

4	Proposal

It is proposed that the spectrum requirement estimation of Chinese market provided in this contribution could be adopted by the draft report on regional spectrum estimates of AWG in proper way. And it is also expected that the consideration of technical and market input parameters could be discussed and helpful to the spectrum estimation.
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SPECTRUM REQUIREMENT ESTIMATE 

FOR IMT IN AUSTRALIA



by



Australia



1.	Introduction

At its 13th meeting held in Danang, Socialist Republic of Vietnam in September 2012, the APT Wireless Group (AWG) established a Correspondence Group (CG) on estimation of spectrum bandwidth requirements for Region 3 related to WRC-15 Agenda item 1.1.



2.	Proposal

To assist AWG on studies for additional spectrum requirements for IMT and other terrestrial mobile broadband applications in Region 3, consistent with resolves ITU-R 1 of Resolution 233 (WRC-12), Australia provides a summary of work undertaken to develop an estimate of future spectrum requirements for IMT in Australia, as shown in Attachment 1.


ATTACHMENT 1





STUDY ON SPECTRUM REQUIREMENTS FOR IMT IN AUSTRALIA



Despite the use of improved spectrum utilisation techniques and new technologies, it is likely that more spectrum will need to be made available to meet increasing demand for mobile broadband applications. This demand will also need to take into account the spectrum requirements of emerging technologies and applications. To this end, the regulator of radiofrequency spectrum in Australia, the Australian Communications and Media Authority (ACMA), regularly reviews spectrum trends to ensure that spectrum use delivers maximum benefits to industry and the community. 

Analysis undertaken by the ACMA and presented in its discussion paper Towards 2020 – Future spectrum requirements for mobile broadband[footnoteRef:1] identified a shortfall of spectrum which will be required to meet demand for mobile broadband (IMT) applications out to the year 2020.   The assumptions for this analysis were complex and included a combination of coding efficiencies, additional infrastructure and fixed-to-mobile convergence whereby data is offloaded from the mobile network using very small ‘WiFi’ like cells. [1: 	Available on the ACMA website at: http://www.acma.gov.au/scripts/nc.dll?WEB/STANDARD/1001/pc=PC_312514.] 


The ACMA in its analysis also took into account the migration from legacy technologies, promoting the principle that existing spectrum allocated for mobile broadband should be used as efficiently as possible. That is, the analysis does not assume any retention of legacy networks, as the ACMA does not believe this is tenable in the long-term. 

From this analysis, the ACMA estimates that approximately 1 100 MHz of spectrum in Australia will be required to meet demand for mobile broadband services out to 2020        (see Figure 1). This estimate takes into account the 840 MHz of spectrum already identified for operation by mobile communications services. Therefore, based on the ACMA’s estimates, an additional approximately 300 MHz of spectrum will be required to meet demand for mobile broadband applications out to 2020. Further, it is estimated that half of this 300 MHz, or approximately 150 MHz, will be required by 2015. A detailed explanation of the methodology used for this study is included below.



Figure 1

Expectations for Australian spectrum demand and traffic out to 2020



[image: figure 4 3-01 (2)]

Methodology for Australian studies on quanta of additional spectrum required for IMT

Developing the baseline for spectrum demand

The ACMA has conducted analysis to determine a baseline spectrum demand out to 2020. The baseline assumes the following:

· That the demand for mobile broadband spectrum was met in 2007;

· That technology and network architecture will improve over time; and

· That the quantum of spectrum required will plateau at some stage as a result of increased spectral efficiencies.

To determine the baseline, the ACMA took mobile broadband demand estimates based on data volume and traffic, and normalised these results to 2007. These demand estimates mostly only predicted mobile broadband demand out to 2015. The curves were extrapolated to yield a demand estimate out to 2020. The ACMA was then able to produce an estimate for the amount of spectrum required by 2020 based on projected data volume and traffic.

Comparing data demand to spectrum demand

The resulting demand curve demonstrates that an expected 48 800% (488 times) increase in data demand will occur between 2007 and 2020. In other words, if demand for data was equivalent to spectrum demand, then the results indicate that there is a near 48 800% (488 times) increased need for spectrum if no other factors, such as technology evolution, are taken into consideration. It is evident that this figure is an unrealistic quantity that is clearly not achievable and unsustainable in the longer term.

Considering advances in technologies

Evolution and advancements in technology offer improvements in spectral efficiency and this is an important consideration for spectrum planning into the future. For example, in cellular technology, the move to 3G and 4G technologies provides significant improvements in spectral efficiency and frequency re-use, especially compared with 2G technologies. In its analysis, the ACMA estimated that the spectral efficiency of pre-2007 networks was an average of 1.85 bits/Hz.

Initial research conducted by the ACMA indicated that a fivefold (500% or 5 times) increase in spectral efficiency may be possible by 2015, depending on the technology chosen. For example, LTE technology demonstrates a 500% or 5 times increase compared with HSPA. Although increases in bit/Hz cannot be relied upon in the longer term (as the Shannon limit will eventually be reached), improvements in spectral efficiency of three to five times, or 300% to 500%, may be achievable in the medium term. Both the ACMA and the ITU (in Report ITU-R M.2078) expect that by 2020, 15 bits/Hz will be achievable. This analysis assumes an improvement in spectral efficiency of 300% by 2014, and 500% by 2020.

Network architecture

A common ‘trade-off’ in industry is that between spectrum and infrastructure. Where insufficient spectrum is available yet demand is high, additional infrastructure is needed to reduce or spread the number of users per cell. Traditionally, the cost of spectrum has allowed a fairly generous trade-off, however if that cost is adjusted to account for the value of displaced incumbent services in some way, then a different balance could eventuate.

Assuming network operators move away from current network planning scenarios where macro-cells are used to provide coverage to wide areas, to a scenario where the density of cell sites has increased, particularly in metropolitan areas, further efficiencies could be gained. The increased density of cell sites would meet the anticipated future demand for mobile broadband services in metropolitan areas and could be achieved using microcell, picocell or femtocell technologies. This analysis assumes a reduction in cell radius of existing wireless infrastructure by half up to 2014, and by one tenth up to 2020.

Identifying a quantum of spectrum

In 2007, the following bands were available and used for mobile broadband services in Australia:

· 825-845 MHz/870-890 MHz (2 x 20 MHz (40 MHz total));

· 890-915 MHz/935-960 MHz (2 x 25 MHz (50 MHz total));

· 1 710-1 785 MHz/1 805-1 880 MHz (2 x 75 MHz (150 MHz total));

· 1 900-1 920 MHz (20 MHz total);

· 1 920-1 980 MHz/2 110-2 170 MHz (2 x 60 MHz (120 MHz total)).

While other bands were allocated at the time for potential use by mobile broadband applications, they were not used for this purpose. Therefore, a total of 380 MHz was available and used in 2007 for mobile broadband applications in Australia.

If the existing network architecture was improved over time to include the two scenarios described above, that is, leveraging off of new technologies and deploying additional infrastructure to half the cell radius, the spectrum demand figure for 2020 is approximately 300% (or 3 times) above that used in 2007.

Australia has 840 MHz of spectrum either currently available or planned for mobile broadband applications. Therefore approximately 300 MHz of additional spectrum needs to be found, with approximately half, or 150 MHz required by 2015.

 

Further Work

The information gathered in response to the analysis above, originally presented in the ACMA discussion paper Towards 2020 – Future spectrum requirements for mobile broadband, will be used to further investigate spectrum requirements in Australia for mobile broadband services. This will include further analysis using the spectrum estimation tools recently updated in the ITU-R.
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FUTURE SPECTRUM REQUIREMENTS 

FOR MOBILE COMMUNICATIONS IN JAPAN





1	Introduction

In the 13th meeting of APT Wireless Group (AWG), it was agreed to establish a correspondence group (CG) on estimation of spectrum bandwidth requirements related to WRC-15 Agenda item 1. The CG will produce a report on regional spectrum requirements, containing:

–	Details of methodologies used for estimating spectrum requirements;

–	Spectrum requirements for each contributing country annexed individually to the report and summarised by in the body of the report;

–	Workplan to guide the work.

It is also intended that progress of work, and the work itself, will be communicated to meetings of APG15, which may refer to this information on developing regional views on spectrum requirements for WRC-15 Agenda item 1.1.

In order to facilitate this work, this contribution presents views on future spectrum requirements for mobile communications in Japan that should be reflected into the report from AWG.

2	Continuous traffic growth in mobile communications in Japan

Since June 2010, the Ministry of Internal affairs and Communication (MIC) has been gathering and analysing the amount of data traffic (not including voice traffic) over the mobile communications networks in Japan with the cooperation of four IMT operators and two BWA (broadband wireless access) operators. The obtained analysis on the amount of data traffic is shown in Figure 1. As shown in the figure, data traffic growth still continues in Japan driven by various applications and services employing new devices (e.g., smart phones, tablets) and business models.

Figure 1

Data traffic volume over mobile operators’ networks in Japan

[image: ]

3	Considerations for spectrum requirements in Japan

In Japan, the “Action plan for spectrum reallocation to realize wireless broadband” was developed in November, 2010. This plan presented the following 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 1 500 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.

Based on the information on the current use of spectrum for mobile communications as well as the future spectrum allocation described in the Action Plan, Table 1 summarizes the frequency bands used or planned for use by around 2020. 

Considering the information in the table below, the total spectrum requirements for mobile communications in Japan would be around 1 825 MHz by around 2020.



TABLE 1

Frequency bands used or planned for use

		Frequency bands identified for IMT in RR

		Used or planned for use

		Bandwidth assigned to mobile operators

		Bandwidth planned for use



		450-470 MHz

		N/A

		

		



		698-960 MHz

		718-748 / 773-803 MHz (for IMT)

815-845 / 860-890 MHz (for IMT)

900-915 / 945-960 MHz (for IMT)

		60 MHz

60 MHz

30 MHz

		



		–

		1 427.9-1 462.9 / 1 475.9-1 510.9 MHz (for IMT)

		70 MHz

		



		1 710-2 025 MHz

2 110-2 200 MHz

		1 749.9-1 784.9 / 1 844.9-1 879.9 MHz (for IMT)

1 920-1 980 / 2 110-2 170 MHz (for IMT)

		70 MHz



120 MHz



		



		

		1 744.9-1 749.9 / 1 839.9-1 844.9 MHz (for IMT)

		

		10 MHz



		

		2 010-2 025 MHz (for IMT)

		

		15 MHz



		2 300-2 400 MHz

		N/A

		

		



		2 500-2 690 MHz

		2 545-2 575 MHz (for BWA)

2 595-2 625 MHz (for BWA)

2 625-2655 MHz  (for BWA)

		30 MHz

30 MHz

		



30 MHz



		3 400-3 600 MHz

		3 400-3 600 MHz (for IMT)

		

		200 MHz



		–

		3 600-4 200 MHz and 4 400-4 900 MHz (for IMT and other mobile applications)

		

		Around 1 100 MHz



		

		Total

		470 MHz

		Around 1 355 MHz





4	Summary

In Japan, data traffic growth over mobile operators’ networks still continues driven by various applications and services employing new devices and business models.

Based on the information on the current use of spectrum for mobile communications as well as the future spectrum allocation described in the Action Plan by MIC, the total spectrum requirements for mobile communications in Japan would be around 1 825 MHz by around 2020.





____________



		Contact:

		Akihiro KATO

Ministry of Internal Affairs and Communications, Japan

		Tel: +81-3-5253-5896

Fax: +81-3-5253-5946

Email: a4.katou@soumu.go.jp
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GSM Association



CONSIDERATION OF SPECTRUM REQUIREMENTS

UNDER AGENDA ITEM 1.1



1	Introduction

In the 13th meeting of APT Wireless Group (AWG), it was agreed to establish a correspondence group (CG) on estimation of spectrum bandwidth requirements related to WRC-15 Agenda item 1.1. In order to help the CG to produce a report on regional spectrum requirements, GSMA has commissioned some preliminary work on spectrum requirements for the mobile service for its consideration.

2	Discussion

The GSMA has commissioned Coleago to undertake some initial spectrum requirement estimates for IMT to the year 2020.  The report on this work from Coleago is attached, which still indicates that a total spectrum required for IMT of 1 600 to 1 800 MHz for the year 2020. 

The approach used in the report is meant to be complimentary to the existing methodology and to assist in benchmarking.

3	Proposal

That this estimate be taken into consideration in the process of AWG arriving at a spectrum

requirement for IMT in Region 3.

[bookmark: _GoBack]



Attachment:	Electronic copy of the Coleago study (embedded PDF file)
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Revised spectrum forecasts using the new spectrum model

1. Introduction

1.1 Background

In 2012, a new model for spectrum estimation was commissioned by the GSM
Association to estimate future spectrum requirements for different countries and mobile
markets and provide an input into the ITU long term spectrum requirement planning
process.

Rather than taking a theoretical approach, the starting point of the model is the existing
number of base station sites within a given market and scope for future site
densification. A transparent methodology based on established planning parameters is
used to estimate the future spectrum that will be needed to support the forecast traffic.

A description of the model and preliminary results for four countries were submitted to
the ITU in September 2012. These demonstrated the value of the approach but it was
recognised that further discussion and refinement of the input parameters were
required.

Since then, further research has been undertaken to validate the radio planning
assumptions used in the model. These parameters set the balance between network
quality and spectrum required. Some changes were considered appropriate, with the
result that spectrum estimates in this report are slightly increased. In addition, we have
attempted to develop more accurate site estimates for the four countries considered.

1.2 Scope

This report briefly describes the main parameters that drive the spectrum forecast and
changes made since the last report are highlighted. A more detailed description of the
model can be found in the earlier report' and justification of specific planning
parameters is set out in Appendices A and B.

Revised spectrum forecasts for the UK, Brazil, China and the USA are presented in
Section 3. Where existing site numbers have been revised the basis for the new
assumptions are explained.

1 A new model for spectrum estimation, Report for GSMA, 25 Sept 2012, Coleago Consulting
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Revised spectrum forecasts using the new spectrum model

2. Overview of model and key parameters

2.1 Overview

The earlier report describes the problems that mobile operators face in supporting
increasing levels of mobile data traffic. Improvements in technology and spectrum
efficiency can help but the issue ultimately comes down to the number of base station
sites that an operator is able to install and the available spectrum.

The new spectrum model estimates the future spectrum requirement for a given
number of cell sites and presents the relationship between numbers of cell sites and
spectrum required for a given network load. It has been designed so that it can be
readily applied to different countries and markets around the world.

At a high level, spectrum requirement is determined by considering:

e The existing number of base station sites within a given market and the scope for
future site densification. This can be difficult to establish, as discussed in relation
to the four countries modelled below.

e Spectrum efficiency. The capacity of each site is determined by basic spectral
efficiency for the technology, the number of sectors per site, signalling overhead
and a quality margin that will ensure good quality and low delay.

e The traffic load per site. The model accepts voice and data traffic forecasts in
various formats. Cisco regional forecasts of monthly usage have been used for
these forecasts and are converted to busy hour Mbps for the most congested cell
sites.

A block diagram showing the main steps in the analysis is shown in Exhibit 1. For a
more detailed description see the earlier report (Footnote 1 above).

Exhibit 1: Functional block diagram

. Traffic forecast Spectral efficiencies
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Source: Coleago Consulting Ltd
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2.2 Key parameters

The model allows information to be input in a number of different ways but the basic
calculation is straightforward and given by:

S=(T/NxM)+C
Where: S = Spectrum (MHz)
T = Total traffic (Mbps)
N = Number of macro-cell sites
M = Load multiplier for highly congested sites
C = Capacity of site (Mbps/MHz)

The key parts of this equation are discussed further below.

2.2.1  Number of cell sites

The number of cell sites (N) at the end of the plan is given by the number of existing
sites and assumed rates of site densification. Sites are split between urban, suburban
and rural areas.

2.2.2 Traffic

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:

e 15% of the daily data traffic occurs in the average site data busy hour
e 8.5% of the daily voice traffic occurs in the average site data busy hour
e \Voice is converted to data at an equivalent rate of 21 kbps.

The busy hour percentages relate to the cell or site busy hour which is peakier than the
network busy hour traffic. Network congestion is determined by the busiest sites rather
than the average site. A typical site busy hour traffic distribution profile is shown in
Exhibit 2 where the distribution is relative to the average site busy hour traffic. This
provides the load multiplier (M) for the most congested sites, in this case the top 2%
sites.

It should be noted that the 15% busy hour percentage of daily traffic is higher than the
12% figure used for the preliminary results, for sound the reasons discussed in
Appendix A. The impact of this change is to raise the spectrum forecast by 25%.
Other parameters remain unchanged.

2.2.3 Site capacity

Site capacity in Mbps/MHz is obtained by multiplying spectrum efficiencies in urban,
suburban and rural environments by the average sectors per site. The resulting site
capacities relate to Layer 1 (physical layer), whereas the combined voice and data
traffic (T) relates to the Layer 3 (user level). In order to convert the busy hour traffic (T)
to an appropriate Layer 1 figure, it is necessary to:

e Add a signalling overhead (15%)

e Apply a quality of service factor (50%) to ensure services can be supported with
high quality and low delay.

These values have not changed since developing the preliminary results. However,
further validation of these parameters has been carried out as described in
Appendix B.

@-‘ coleagoconsulting
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Exhibit 2: A typical distribution of site BH traffic for a mobile network
100% -

90% -
80% -
70% -
60% -
50% -
40% -
30% -

20% -

Percentage of cells with greater traffic

10% -

0% ‘ ‘ : ‘ ‘ ‘
0 1 2 3 4 5 6

Relative traffic per cell (1=average)

Source: Coleago Consulting Ltd

C(C__ coleagoconsultmg © copyright Coleago 2013 4







Revised spectrum forecasts using the new spectrum model

3. Results

3.1 Country specific inputs

As described in the earlier report (Footnote 1 above), the model requires the following
country-specific data for each country of interest:

e Mobile data and voice traffic forecasts covering the period to 2020 supplied by
CISCO and Wireless Intelligence respectively to drive the spectrum demand

e Population distribution data available from SEDAC, which is used to area versus
population coverage curves and to break the country into urban, suburban and rural
areas

e Estimate of existing site numbers and densification over the period. These are
critical in establishing a reliable spectrum estimate.

Experience has shown that it is not easy to obtain reliable or definitive estimates of site
numbers. We require the number of macro-cell sites available to a single operator for
national coverage, with the assumption that the total spectrum may be deployed at
each site.

In order to model urban, suburban and rural areas accurately, the breakdown of sites
and traffic between these areas is also required. This level of detail was not available
for the current estimates. In fact in practice, available information is often incomplete
and almost invariably ambiguous. Interpolation and interpretation of different sources
are required.

3.2 Revised spectrum forecasts

New information received since the preliminary results were prepared has resulted in
some changes being made to estimated site numbers for Brazil, China and the USA,
as documented below.

@_. COleaQOCOﬂSUV[mg © copyright Coleago 2013 5
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3.21 The UK

Revised results for the UK indicate a total spectrum of 2074 MHz will be required in
2020, assuming the number of macro-sites per operator to be 16,370.

The increase in spectrum since the previous estimate arises from the attribution of a
higher level of daily data traffic to the site busy hour as discussed in Section 2.2.2 and
Appendix A.

The increase in the total number of sites is due to the assumption of slightly higher
densification rates in rural and suburban areas, although urban areas remain
unchanged.

A graph of sites per operator versus total spectrum requirement is presented below:

Exhibit 3: UK sites per operator versus total spectrum in 2020
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3.2.2 Brazil

Revised results for Brazil indicate a total spectrum of 2080 MHz will be required in
2020 assuming to a total of 22,850 macro-sites per operator.

The increase in spectrum since the previous estimate arises from the attribution of a
higher level of daily traffic to the site busy hour as discussed in Section 2.2.2 and
Appendix A.

Initial site numbers have increased slightly following an analysis of data on the
Brazilian Regulator, Anatel’'s website. At the same time, rates of densification in urban
areas have been lowered, bringing the figure more in line with developed countries.

A graph of sites per operator versus total spectrum requirement is presented below.

Exhibit 4: Brazil sites per operator versus total spectrum in 2020
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3.2.3 China

Revised results for China indicate a total spectrum of 1844 MHz will be required in
2020 assuming a total of about 472,900 macro-sites per operator.

The result has changed little from the preliminary estimate, since the attribution of a
higher level of daily traffic to the site busy hour is largely offset by an increase in site
numbers.

Current site numbers were obtained from Chinese operators, involving some further
assumptions. Rates of densification have been adjusted to give different values in
urban, suburban and rural areas.

A graph of sites per operator versus total spectrum requirement is presented below.

Exhibit 5: China sites per operator versus total spectrum in 2020
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3.24 USA

Revised results for the USA indicate a total spectrum of 1939 MHz will be required in
2020 assuming a total of about 84,420 macro-sites for a national operator.

Overall site numbers have increased following a more detailed analysis of an earlier
spectrum paper submitted to the ITU by the USA. This has resulted in a higher
number of sites per operator for 2012. Overall rates of site densification are in line with
trends identified in the USA, with lower rates in urban areas, in line with other
developed countries.

A graph of sites per operator versus total spectrum requirement is presented below.

Exhibit 6: USA sites per operator versus total spectrum in 2020
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3.3 Urban, suburban and rural differences

The question is sometimes asked whether the spectrum model could inform the
requirement for low band versus high band spectrum.

Low band spectrum is required for rural coverage but is also needed for providing
reliable indoor coverage in urban and suburban areas. While recognising this
limitation, the model can provide separate estimates for urban, suburban and rural
area, setting a lower bound on the low-band spectrum required. However, sufficiently
detailed information was not available when producing the current spectrum forecasts.

@_. COleaQOCOﬂSUV[mg © copyright Coleago 2013 9
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4. Conclusions

Since the preliminary results were produced in September 2012, there has been further
validation of the model assumptions and parameters. This has resulted in minor
changes and provides confidence in the validity of the results.

The results point to about 2 GHz total spectrum being required assuming appropriate
asymmetric allocations.

Further work could be undertaken to investigate the different amounts of spectrum
required in urban, suburban and rural areas. However, more detailed input data will
need to be supplied and carefully considered. At the same time pico-cell offload, which
remains unchanged since the previous report could be refined.

@_. COleaQOCOﬂSUV[mg © copyright Coleago 2013 10







Revised spectrum forecasts using the new spectrum model

Appendices

Appendix A:  Estimating the traffic load

The model estimates spectrum by dividing the busy hour load per site in Mbps by the
site capacity, in Mbps per MHz. Spectrum efficiencies within the model are quoted in
bps/Hz (or Mbps/MHz) and apply to Layer 1, the physical layer.

Traffic forecasts supplied by Cisco are annual or monthly forecasts in millions GB and
relate to the user level, Layer 3. These forecasts need to be converted to busy hour
site load for the busiest sites. The steps are as follows:

Conversion of monthly traffic to daily traffic volume (+30)

Conversion to average site busy hour traffic volume (15%)

Site level busy hour traffic is peakier than network busy hour, where the busy hour
traffic may be typically 8%. It is recognised that individual sites may have busy
hour traffic in the range of 10% to 20% or even higher. An average value of 15% is
appropriate as shown by Holma and Toskala in their text book on LTE for UMTS. 2

Derivation of load for busiest sites

A curve as shown in Exhibit 2 is used to estimate the cell load for the busiest sites
based on the average site load. The curve is obtained from an analysis of site busy
hour traffic statistics from a network OMC. Analysis of different networks shows
this curve to be remarkably similar across operators and markets.

Add signalling overhead to obtain Layer 1 traffic load (15%)
The ratio of Layer 3 to Layer 1 traffic is typically 87% for LTE (82% for HSPA).
Taking the LTE figure corresponds to a 15% (1/0.87) signalling overhead.

Finally the traffic load is converted from total GB to Mbps throughput.

Appendix B:  Spectral efficiencies and Quality of Service

The model assumes spectrum efficiencies ranging from 0.3 bps/Hz in 2012 to 1.96
bps/Hz in 2020. These figures should be representative of Layer 1 carrier throughput
performance in macro-cell environments. They do not represent peak rates or apply to
pico-cells which will experience higher spectrum efficiencies.

The spectrum efficiency figure time the available spectrum provides a maximum Layer
1 throughput per cell but a network built on this basis would not provide a good quality
service. Typically operators design to 50% to 70% of this loading and the preliminary
results were developed using a 50% quality of service factor.

Further work has been undertaken to validate this figure. A white paper by Nokia
Siemens Networks® states ‘A margin in the busy hour needs to be reserved in order to
guarantee low delays and reasonably good data rates’ and suggests a maximum 50%
loading. The impact on LTE 20 MHz would be to lower the design throughput to 17.5
Mbps or 0.875 bps/Hz.

Similarly, recent work undertaken by Telstra, Australia shows that network throughput
and performance should be modelled on the basis of a ‘File Transfer Protocol’ traffic
model rather than a ‘Full buffer’ traffic model usually employed. The result is
equivalent to designing for a 50%-70% load. Simulations show typical effective
spectrum efficiencies just below 1 bps/Hz.

These results are consistent with the values used in the spectrum model and it was
therefore decided to maintain the quality design factor at 50%.

Figures 9.37 and 9.38., LTE for UMTS: Evolution to LTE-Advanced, 2nd Edition, Holma and
Toskala, ISBN: 978-0-470-66000-3, Figures 9.37 and 9.38.

Mobile Broadband with HSPA and LTE — capacity and cost aspects, While Paper, Nokia
Siemens Networks, April 2011
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