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Abstract 

Analog to digital broadcasting transition in UHF Band is a necessity that 
cannot be avoided. With this transition, there will be an increase in the 
quality of TV broadcasting and the efficient use of the radio frequency 
spectrum. This spectrum efficiency will generate the empty spectrum that 
is used to be vacated by analog TV. This phenomenon is referred to as 
digital dividend, which will become a very valuable development for the 
application of information and communication technology that utilizes 
spectrum. Digital dividend spectrum in UHF band is extremely valuable 
because it lies in the range of bands that provide an optimum trade-offs 
between coverage and bandwidth requirement. Therefore, the use of the 
spectrum should be taken carefully. Digital dividend spectrum can be used 
for additional digital terrestrial TV broadcasting (DTTB) and other 
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terrestrial application services. To determine the allocation of spectrum 
for DTTB and other terrestrial application services, it needs to be 
analyzed from the technical and non-technical aspects. The technical 
aspects namely channel bandwidth, the selection of compression standard 
for DTTB, etc. Non-technical aspects will be more focused on the 
potential revenues from each application, including the calculation of 
investment and operational costs. Analysis was done by calculating the 
optimization using the linear programming. In this research, mobile 
broadband will be used as example for the other terrestrial application 
services in the analyses, since the broadband subscribers in Indonesia are 
having a promising growth. 

1. Introduction 

Transition from analog terrestrial TV broadcasting to digital terrestrial TV 
broadcasting (DTTB) is a necessity that cannot be avoided. As with any effort to 
change, there are always doubts and concerns from the industries and societies over 
the shape and direction of these changes. Frequency master plan for TV broadcasting 
in accordance with the Minister of Transportation Decree No. KM. 76 of 2003 only 
provides 2 (two) frequency channels for the DTTB [10], and this is clearly not 
sufficient. So, it is important to plan and map the frequency channels as a 
supplement or revision of the current frequency master plan to obtain optimal 
channel allocation for DTTB. 

In relation to the digital dividend, there are other potential applications besides 
DTTB that may very possible to open up the competition. Therefore, it is important 
to determine the proportion of the bandwidth allocation to be used by any 
application including DTTB that is reviewed from technical, economic, and social or 
public interests. 

In this paper, the discussion will be limited to the implementation of DVB-T as 
the DTTB system since the Government of Indonesia has stipulated DVB-T as a 
DTTB standard for free-to-air with fixed reception mode in year 2007 and utilization 
of the digital dividend spectrum for mobile broadband services. 

This paper is intended as a reference in order to determine the optimum 
allocation of bandwidth requirement for the needs of DTTB and mobile broadband 
services in the Ultra High Frequency (UHF) Band results from the transition from 
analog to digital system. 
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2. Optimization of the Spectrum Utilization 

2.1. Basic framework 

When full migration of analog terrestrial TV broadcasting towards DTTB has 
been fully undertaken, there will be spectrum available vacated by the analog 
terrestrial TV broadcasting that is very valuable. What makes the spectrum very 
valuable is that the fact that the spectrum is located between 200 MHz up to 1 GHz. 
This part of spectrum is very optimum in terms of the needs of coverage and 
bandwidth [7]. 

In other countries, the use of the digital dividend spectrum itself until now, is 
still much debated between broadcasters that are eager to broadcast more channels of 
digital programs or offer contents in high-definition (HD) format, with the 
telecommunication operators intending to offer faster and wider geographical range 
of broadband communication services. 

Bandwidth allocation, coverage area, and policy on the use of SFN or MFN will 
affect the number of multiplexes that will be used in the implementation of DTTB. 
On the other hand, the number of channels that can be distributed in each multiplex 
is influenced by applicable technological factors. So in order to determine the DTTB 
bandwidth allocation, the number of channels that can be distributed into each 
multiplex and the number of multiplexes in a coverage area are utilized. The basic 
framework of this research is modification based on the research method conducted 
by Spectrum Value Partners in assessing the utilization of the digital dividend 
spectrum [10]. The basic framework of the research that is used to determine the 
bandwidth allocation is shown in Figure 1. 

 

Figure 1. Basic framework for the determination of bandwidth allocation for DTTB. 
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2.2. Channel bit-rate evaluation 

The data needed to determine the useable channel bit-rate on each channel 
depends on: type of content, format of content (Standard Definition/ SD or High 
Definition/ HD), and picture quality. Figure 2 below describes the factors that affect 
the channel bit-rate. 

 

Figure 2. Factors affecting the channel bit-rate. 

a. Format of content 

DTTB with HD content requires a larger data in the distribution that would 
require a greater bit-rate. Likewise the SD content requires a smaller data in the 
distribution compared with HD format. 

b. Picture quality 

Whatever the format is, whether SD or HD, broadcasters have the option to 
modify the level of picture quality which is distributed to the viewers by reducing 
the channel bit-rate that is used. 

c. Type of content 

The type of content that is distributed would affect the channel bit-rate. For 
instance, talk show program will requires less channel bit rate compared to sport 
program. 

d. Compression 

The compression standard generally used are MPEG2 and MPEG4 Part 10 AVC 
(ITU-T Standard H.264). In general, MPEG4 AVC has the advantages of the 
technical aspects when compared to MPEG2. MPEG4 AVC has capabilities in 
providing video quality as good as MPEG2 standard, but with a lower bit-rate, i.e., 
between 30-50% lower than the bit-rate used in MPEG2. This means that for the 
same multiplex and the same application, MPEG4 AVC is able to provide a channel 
capacity 30 to 50% larger than when using MPEG2. 
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2.3. Multiplex capacity evaluation 

Multiplex capability in distributing TV channels depends on the throughput of 
the multiplex (in Mbps) and the percentage of throughput that is used to non-
broadcasting services, such as for operating the multiplex or data services. 

a. Multiplex throughput 

The ability or capacity of the multiplex in distributing the TV broadcasting 
channels is limited by the total multiplex throughput influenced by technical factors 
as follows: 

- Modulation; the modulation standards widely used are 16QAM and 64QAM. 
With the same transmitter, 16QAM has a lower throughput, but with more extensive 
coverage area and better signal reliability. 

- Forward Error Correction (FEC) and guard band; multiplex operators can 
increase the reliability of the signal by increasing the FEC and guard band. 

Table 1. Multiplex throughput capacity of OFDM modulation [10] 

 

b. Utilization of the multiplex throughput for non-broadcasting services 

Non-broadcasting services can use multiplex capacity. Managing the multiplex 
channels is considered by looking at the number of channels compared to the quality 
of services. 

In addition to FEC and guard band manipulation, enhancing multiplex capacity 
is conducted by using advanced DTTB technology. For example, by implementing 
DVB-T2 standard, MIMO multiplexing, and statistical multiplexing. 

2.4. Number of channels per multiplex evaluation 

Number of channels per multiplex can be determined by analyzing the results 
of  channel bit-rate and evaluating the capacity of the multiplex. The number of 
channels per multiplex will affect the bandwidth allocation for DTTB. 
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2.5. Number of multiplex evaluations 

Each multiplex distributes broadcast contents using 1 (one) radio frequency 
channel with 8 MHz bandwidth. GE-06 Conference allocates 392 MHz of spectrum 
for broadcasting in the UHF band (bands IV and V) ranging from 470 to 862 MHz. 
This means there are 49 channels available for DTTB ideally. But practically, it will 
not be fulfilled because of the following reasons: 

a. Radio frequency network pattern 

Consideration on the use of SFN or MFN, including technical considerations to 
avoid interference in a coverage area or inter-regional coverage area. 

b. Coverage area 

Coverage area of a multiplex affects the number of radio frequencies required 
for each multiplex. Wider coverage area needs greater overlap between adjacent 
frequencies to ensure that the end of the coverage area can receive the broadcast 
well. However, to avoid interference between adjacent channels, it takes more 
number of channels of different radio frequencies. In addition, it takes also a number 
of relay stations to overcome the blank spot area using SFN. 

c. Spectrum sharing with non-broadcasting services 

Non-broadcasting services can use spectrum that is available by taking into 
account the technical limitations of their utilization. The evaluation will be done in a 
way by evaluating the demand for each service. 

Table 2 shows the evaluation summary for channel bit-rate, capacity of the 
multiplex, number of channels per multiplex, and the number of multiplexes. 

Table 2. Summary of multiples evaluation 
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2.6. Analysis of DTTB services 

Analysis of DTTB services using the following data: 

a. TV Advertising revenue 

TV advertising revenue obtained will be used for forecasting the revenue of 
DTTB services industry until the year of 2018, when all analog TV broadcasts will 
be stopped entirely. This is based on Article 24 paragraph (8) of the Ministerial 
Decree No. 39 Year 2009 on Basic Framework of the Implementation of Digital 
Terrestrial TV Broadcasting Fixed Reception Free-to-Air, which states that a 
simulcast activity held at least at the latest until the end of 2017. TV advertising 
revenue forecasting calculations carried out using polynomial regression model. 
Polynomial regression model was used because the coefficient of determination 

( )2R  for this regression model is most closely approximates the value of 1. The 

coefficient of determination indicates the ability of independent variables in 
explaining variance of the dependent variable. The coefficient of determination has a 
range of values between 0 and 1. The higher the coefficient of determination, the 
higher the ability of independent variables in explaining the variance of the 
dependent variable. 

TV advertising revenue as shown in Figure 3 below: 

 
Figure 3. TV advertising revenue. 
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Approximate value of TV advertising expenditure in 2018 was IDR 
71,032,842,857,175, -. Research conducted by AGB Nielsen in TV advertising 
revenue was counted without considering rebates or discounts given by television 
stations. In real, television stations often provide discounts to advertisers up to 40%. 
Regional reviews are used for the analysis are Jakarta, Bogor, Depok, Tangerang, 
and Bekasi (Greater Jakarta) and it is assumed that the Greater Jakarta area 
contributes up to 56.4% for the TV station revenue. Thus, an estimate of potential 
income is IDR 24,037,514,022,868, -. 

b. Investment cost 

The investment cost used in this research is limited to the investment for the 
transmitter system only (Table 3). 

Table 3. DTTB investment cost 

 

c. Operational cost 

Operational cost used in this research is limited to the operational costs of 
electricity and the cost of rights of using the radio frequency or spectrum fee (Table 
4). 

Table 4. DTTB operational cost 
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2.7. Analysis of mobile broadband services 

Analysis of mobile broadband services uses the following data: 

 a. The number of mobile broadband subscribers is calculated based on the 
number of 3G subscribers calculations with the assumption that the number of 
broadband subscribers for 3G is 3.8% of total mobile subscribers [3]. Later, the 
number of 3G subscribers is used as data in the forecasting of mobile broadband 
customers until year 2018. The prediction mobile broadband subscribers use 
polynomial regression model. Same as forecasting calculations on the value of 
advertising revenue of DTTB services, polynomial regression model is used because 

the value of 2R  from this regression has a value that most approximates the value of 
1 to the data supplied. 

The potential revenue from mobile broadband services will be determined using 
the 3G broadband data service rates from several operators in Indonesia. 3G 
broadband data subscribers are as shown in Figure 4 below: 

 

Figure 4. 3G broadband subscribers. 

So, the number of mobile broadband subscribers until the year 2018 is 
39,413,569 subscribers with an assumption that in Greater Jakarta area the number 
of mobile broadband subscribers is 70% of those numbers or 27,589,498. To 
calculate the potential revenue of mobile broadband services, it uses the tariff rates 
of broadband services from several operators in Indonesia. In addition, it is assumed 
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that this type of broadband service subscribers are divided into 3 (three) categories, 
namely the regular user, high-end users, and premium users. So that the distribution 
of packet classification based on categories of customer service is assumed as shown 
in Table 5: 

Table 5. Mobile broadband services category and type of customer 

 

The calculation of potential revenue is shown in Table 6: 

Table 6. Mobile broadband potential revenue 

 

b. Investment cost 

Similar to analysis of DTTB services, investment cost for mobile broadband 
services is limited to investment cost for the base station system devices (Table 7). 

Table 7. Mobile broadband investment costs 
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Investment cost shown above is valid only for 1 Base Station. So, it needs to 
count the number of BSs needed to serve the Greater Jakarta area by using some of 
the following considerations: 

• Cell Radius Coverage for mobile broadband services at a frequency of 790 to 
862 MHz is 2,698 km [5] 

• The coverage area per base station 1 is 2km7134,45  

• Area of the Greater Jakarta is 2km798,5  

• The number of base stations required is 127 base stations 

• The need of investment cost added with upfront fee for spectrum license of 
IDR 160,000,000,000, - 

• Total investment costs ( ) =+×= billion160IDR801,950,763IDR127  IDR 

257,021,751,727, -. 

c. Operational cost 

Operational cost used in this research is limited to the operational cost of 
electricity and the cost of rights of use the radio frequency or spectrum fee (Table 8). 

Table 8. Mobile broadband operational costs 

 

Operational costs for 127 Base Stations =×= -,100,524,138IDR127  IDR 

17,592,560,652, -. 

3. Optimization of Digital Dividend Spectrum Utilization 

The optimization is done by using the linear programming method with the 
following models [10]: 
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Objective function 

.Max 2211 xcxc +  

Constraint function 

,2211 bxaxa ≤+  

,2211 exdxd ≤+  

,2211 gxfxf ≤+  

where 

=1x  the number of service TV content providers 

=2x  the number of mobile broadband operators 

=1c  revenue for DTTB services 

=2c  revenue for mobile broadband services 

=1a  investment costs for DTTB services 

=2a  investment costs for mobile broadband services 

=b  upper limit for investment costs 

=1d  operational costs for DTTB services 

=2d  operational costs for mobile broadband services 

=e  upper limit for operational costs 

=1f  channel bandwidth for DTTB services 

=2f  channel bandwidth for mobile broadband services 

=g  total bandwidth on analyzed UHF band 

Before performing the optimization process, several assumptions need to be 
specified. The assumptions are as follows: 

• UHF band observed is in the range of 470 to 806 MHz. This band is currently 
allocated for analog TV 
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• Guardband between type of services amounted to 16 MHz 

• Channel bandwidth for DTTB services is 8 MHz 

• Channel bandwidth for mobile broadband services is 5 MHz 

The function of the linear program above produces the following values: 

,04.361 =X  

.33.62 =X  

By evaluating the number of channels per multiplex we obtain the result that the 
number of channels per multiplex is 6 channels. This means that every multiplex can 
be used to accommodate 6 services TV content providers. So, the number of 
multiplexes obtained by dividing the number of TV content providers ( )1X  with the 

number of channels per multiplex or equal to 6.006 (rounded to 6). 

4. Radio Frequency Channel Plan for DTTB Services 

To make a radio frequency channel planning, we need to know the condition of 
the radio frequency channel occupied by the existing analog TV stations. Table 9 
shows the occupation of frequency channels by the existing analog TV stations in 
Greater Jakarta area of service: 

Table 9. UHF channel occupancy in greater Jakarta area 
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Considerations in planning radio frequency channels: 

• Required grouping of frequency channels to accommodate the needs of the 
channel in each service area by taking into account factors such as technical 
restrictions of co-channel interference and adjacent-channel interference. 

• Grouping of channels arranged in such way that makes the transition from 
analog to digital broadcasting system can run smoothly, such as analog TV is still 
able to conduct simulcast (simultaneously with the analog TV broadcasting to digital 
TV broadcasts). In other words, the digital channel is set as closely as possible not to 
collide with the channel that is not currently occupied by existing analog TV. 

Figure 5 shows grouping of channels for DTTB services by considering the 2 
(two) to the above considerations: 

 
Figure 5. Channel grouping for DTTB. 

Thus, the allocation of spectrum in the UHF band for terrestrial DTTB and 
mobile broadband is shown in Figure 6. 

 
Figure 6. Spectrum allocation for DTTB and mobile broadband. 

5. Conclusions 

Digital dividend spectrum is the spectrum which is available as a result of the 
migration of analog TV broadcasting to digital TV. If the migration can be fully 
implemented, then the spectrum can be used for DTTB services or other terrestrial 
applications. Therefore, the effort required to perform an optimal relocation of the 
digital dividend spectrum utilization. 

Results from this study provide the frequency spectrum allocation of 192 MHz 
(channel 22 to 45) for DTTB services, thus still allowing the use of spectrum that 
was originally used by analog TV broadcasts of 112 MHz (channel 49 to 62) for the 
mobile broadband services. 
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