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Abstract
This Interim Report compiles information that is needed when planning a DVB-T2 network. The report was produced as a part of ENGINES project. The main study items include DVB-T2 service scenarios and network configuration parameters, heuristic optimization of DVB-SFN coverage, electric field strength location variability in the UHF band and DVB-T2 network planning process and coverage area predictions.

The selected service scenario is the starting point of network planning. The scenario together with the national frequency allocation plan is the dominating constraint on the DVB-T2 network planning. The basic planning process won’t differ from the DVB-T or DVB-H network planning but the DVB-T2 standard and the new T2-Lite profile provide new techniques and optional parameters that help designers to achieve an optimum network solution. The new techniques include extended carrier mode, Multiple PLP, rotated constellation, MISO and FEF parts. Also new Time Interleaving options and FFT, Pilot pattern, modulation and code rate parameters are defined. 
The study of heuristic algorithms contains an analysis of two different algorithms. In this study first the Adaptive Simulated Annealing (ASA) was compared with the Simulated Annealing (AS). The comparison shows that the efficiency of ASA is better than SA. Hence ASA scheme is compared with the Particle Swarm Optimization (PSO). The analysis shows that PSO provides the best approach in this case. 
Electric field strength location variability was analyzed on UHF band for mobile and portable broadband services. The results show that the median value of outdoor location standard deviation is below 3dB when a cell size of 100 x 100m is considered whereas the recommended value given by ITU-R and ETSI  is 5,5dB. 
In chapter 5 network planning exercises were done for two types of DVB-T2 networks. The complete network planning process was presented starting from the definition of service scenario, reception type and parameter configurations which are required to determine the relevant link budget. The network coverage areas are predicted according to the link budget values and reception types. The study shows that it is possible to implement a scenario of multiple services within one network by selecting the configuration parameters accordingly. The study also presents how the requirement of system throughput effects on the network dimensions and the number of sites.
The last chapter “DVB-T2 modes for France” presents an analysis based on the introduction of DVB-T2 in France. The comparison of the relevance and performance of several DVB‑T2 modes has addressed first the fixed reception case considering the deployed DVB‑T configuration, then the mobile-only reception case in France. The hybrid fixed and mobile receptions case is also studied into more details, including the resulting coverage and limitations in the context of France.
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1 
Introduction
This is an Interim Report of Task Force 9, Comparative evaluation of T2 and NGH. The target of Task Force 9 is to study DVB-T2 and DVB-NGH performance, network planning and system designing related issues. The main areas for studying are transmission parameters, simulation models and network structures. Within ENGINES project, Task Force 11 Laboratory tests and Task Force 12 Field tests produce simulations, laboratory and field test results that will be analyzed in Task Force 9. The purpose is to deliver studies and analyses that can be utilized by network operators to design an optimum network solution based on their own starting point and system requirements. Task Forces 9, 11 and 12 are part of Work Package 4 Prototyping and Performance evaluation.
Task Force 9 produces three (3) deliverables, 9.1, 9.2 and 9.3. This report is Interim Report on Network structure requirements for T2 and NGH and it contains network parameter and coverage area planning related studies for different type of DVB-T2 networks. The report will be a part of the Technical Report 9.3 Network structure requirements for T2 and NGH. Other Task Force 9 deliverables are the Technical Report 9.1, Comparison of simulation, laboratory and field trials, and the Technical Report 9.2, Evaluation on NGH. The Technical Report 9.1 contains performance analysis of DVB-T2 simulations and measurement results. The Technical Report 9.2 contains analyses of DVB-NGH simulations, laboratory and field trial results and comparisons between the performance of DVB-T2 and NGH.
In addition to this chapter this technical report contains four (4) main chapters. Chapter 2 includes a consideration of DVB-T2 service scenarios and presents different type of DVB-T2 network structures based on the regulation matters and different service scenarios. In addition the chapter comprises the guidelines of selecting DVB-T2 network configuration parameters. The contributor of the chapter 2 is Digita. Then in chapter 3 two heuristic algorithms intended for optimizing the network planning are compared. After that a study of the Electric Field Strength Location variability is presented, and DVB-T2 network planning studies are made for mobile TV and HDTV services. The contributors of the chapter 3 and 4 is UPV/EHU and chapter 5 Digita. In the last chapter an analysis of DVB-T2 modes in France is presented.
2 DVB-T2 scenarios and configuration parameters (Digita)
This chapter provides an overview of possible DVB-T2 service scenarios and relevant configuration parameters. DVB-T2 standard gives a full range of possible parameter combinations that can be used in order to provide different type of broadcasting services for fixed, portable or mobile reception.
2.1 DVB-T2 service scenarios


The emerging market need for enhanced digital terrestrial television services led to a development of new DVB-T2 standard. Increasing capacity requirements for High Definition Television (HDTV) is evidently one of the main factors. In addition the improvements in modulation and error protection technique, the probable  convergence of broadcast and telecommunication services in the future, a need for more efficient use of the frequency spectrum together with new type of portable receivers has been influencing the standardization. [1]
Several service scenarios can be identified for DVB-T2 due to the flexibility of the standard. The possible scenarios include fixed, portable and mobile reception or a mix of them. The maximum capacity for fixed reception HDTV service is achieved with the basic DVB-T2 standard, while the recently added T2-Lite profile would be ideal for portable and mobile services. [2] The mixed services could be provided either with the basic DVB-T2 or T2-Lite multiplexed with DVB-T2, but the maximum gain is achieved with the multiplexed solution.
The scenario of fixed reception is the most traditional strategy to provide television services to the households. Fixed antenna reception is defined as a directional receiving antenna located at roof top level at 10 meters height above the ground level. [3] The increase in maximum capacity compared to the existing DVB-T or analogue television techniques makes it possible to provide the households with either more Standard Definition (SD) television or HDTV services. SD and HD services could be also multiplexed. Capacity requirement for one SD service is about 2 Mbit/s, whereas about 8 Mbit/s is required for one HD service.
The scenario of portable and mobile reception includes several variations. The definition of portable reception includes class A and class B. Class A is for portable receiver at 1,5 meters height above the ground level outdoors. Class B is for indoor reception with a portable receiver at 1,5 meters height above the floor level or the ground floor. A receiver in class A or B is equipped with an attached or integrated reception antenna and it is either moving at very speed or stationary. The definition of mobile reception is for moving receiver at 1,5 meters above the ground level. The receiving antenna could be a car roof top antenna or an integrated antenna in a handheld. [3] In this document portable reception is intended for pedestrian reception at a low speed less than 10 km/h. For DVB-H there are classes C and D defined for mobile reception. Class C refers to a car roof top reception and class D to an inside vehicle reception by using a handheld with an integrated receiving antenna. [4] When considering service areas of different reception scenarios, it is worth noting that all the presented reception scenarios have some overlapping in coverage areas depending on the network structure and parameters. Capacity requirement of mobile services correlates with the screen size and resolution. DVB-H receivers were typically integrated into mobile phones that had a quite small screen size whereas it is expected that DVB-T2 mobile services could be received with new type of receivers like tablets with a larger screen size and resolution. The used bitrates for DVB-H were around 400 kbit/s but for DVB-T2 mobile services the required bitrates would be about 1-2 Mbit/s, hence comparable to typical SD services.
In addition to the previous scenarios a network operator could design a network for mixed services. For example the rise of new type of handheld receivers like tablets and the way of using them could encourage broadcasters to develop new services. The mixed services network could comprise services for example for fixed and portable reception. Within this scenario the broadcaster could optimize the service area in a way that the services of fixed reception are provided in residential areas whereas the services intended for portable reception are provided in public areas where people use to go out. The strategy of mixed services could be carried out different ways. Either there could be a common network parameter set for all services or different parameters for different type of services. In the first case the different services would be created with careful network design.
2.2 DVB-T2 network structures 
Frequency planning of DVB-T2 networks is dependent on the international and national agreements. The agreement comprises a plan of frequency allotments and/or assignments. Within an allotment a network operator has more freedom in network planning compared to assignment. Within the international agreement on the use of frequencies a national regulatory body has an authority to decide how the frequencies would then be combined to national or regional networks. Under the national frequency regulation the network operator is able to design a network structure that supports the selected service scenario, provides appropriate quality of service and is cost-efficient.
2.2.1 Multiple and Single Frequency Networks
Compared to DVB-T standard DVB-T2 makes it possible to design and implement larger Single Frequency Networks (SFN). This improvement is one of the most important advantages of the new standard as it will improve the frequency re-use. Most of the DVB-T networks have been implemented as Multiple Frequency Networks (MFN) but it is possible that the SFN type of networks will become more common in the future. The European wide switch off of the analogue television could be a place to execute new national plans.
The network type, i.e. whether the network is MFN or SFN, has an effect on the maximum throughput. In case of SFN a network planner should select a longer Guard Interval (GI) compared to the MFN. Depending on the selected GI and other network parameters the loss in maximum capacity could be even 10%. That is why careful planning of network parameters is needed when aiming an optimized network solution. 
2.2.2 Network of high power transmitters
The structure of a typical fixed reception television network is based on high power transmitter sites with transmitting antenna heights up to300 meters. For high power transmitter networks typical transmitter powers are from 2 to 5 kW and the ERP from 10 to 100 kW. That kind of sparse network structure makes it possible to provide television services on a large coverage area. The used network structure also minimizes the number of sites, invested equipment and maintenance and monitoring costs. 
Depending on the used frequencies the existing analogue television (ATV) and DVB-T antenna and cable systems can basically be completely compatible with DVB-T2 what makes it easy to transit from ATV or DVB-T to DVB-T2. Depending on the transition plan and frequency allocation a network operator could change the technology fluently. The network operator has to use a spare antenna or build a new antenna system if simulcast time is required when switching off the old technology and launching DVB-T2 services, or if the DVB-T2 frequency range is not compatible with the existing antenna system. 
2.2.3 Dense network with low or medium power transmitters

Compared to fixed reception the required power level at the reception point is higher for portable and mobile reception. To achieve higher received power levels the structure of a network shall be denser because increasing Tx power levels in high power stations may no be possible and even if that would be done the resulted coverage area may not be optimal. Typical transmitter power levels in a dense network are lower compared to a high power transmitter network, from 100W to 2 kW. The typical ERP is from 1kW to 10kW. Also the transmitting antenna heights are lower. DVB-H networks are typically dense type of networks and like a transit from DVB-T to DVB-T2, also a transit from DVB-H to DVB-T2 or T2-Lite could be straightforward. Evidently a dense type of network structure could also be used for fixed reception. 
2.2.4 Gapfillers

Gapfillers could be used to cover local gaps within DVB-T2 or T2-Lite service area like they are used for analogue television and DVB-T. In case of portable reception indoor gapfillers may be needed to provide good indoor coverage.
2.3 DVB-T2 configuration parameters 
DVB-T2 standard provides a wide set of network parameters what gives a network operator more opportunities to optimize the network compared to DVB-T and DVB-H standards. DVB-T2 also presents new features. Compared to DVB-T2 T2-Lite profile comprises a sub-set of DVB-T2 modes and possible parameter sets but there are also new additional parameters. The following paragraphs present the most important DVB-T2 and T2-Lite network parameters and give advice on how to use them in an optimum way when planning DVB-T2 networks.
2.3.1 Input Mode

DVB-T2 standard introduces a new concept of Physical Layer Pipes (PLPs). One PLP represents one logical data stream input of a DVB-T2 system and depending on the number of the PLPs, the used input mode is called either Mode A or Mode B. Mode A is defined as a DVB-T2 system with a single PLP and in principle it is totally comparable with DVB-T. Mode B represents a concept of Multiple PLP (MPLP). For each PLP a particular set of constellation, code rate and time-interleaving parameters can be assigned. The maximum number of PLPs in MPLP system is 255. [5]
The concept of MPLP can be used to implement the strategy of mixed services, like fixed and mobile services, in DVB-T2 network, but there are restrictions that prevent the reach of maximum network capacity. The main restriction is that the concept of MPLP does not allow the use of different carrier modes for each PLP. For example when providing fixed and mobile services in the same network the carrier mode shall be selected based on to the parameters that are suitable for both services. The selection of the carrier mode is studied more detailed in next paragraph 2.3.2. 

MPLP would enable the use of Scalable Video Coding (SVC). SVC is an extension of H.264/AVC standard. In practice the scalability means that the initial SVC encoded bit stream could be adapted to various type of receivers based on reception conditions. For example SVC encoded HD quality stream could comprise a base layer, that alone would provide adapted services to handheld receivers, and an enhancement layer that together with base layer would provide the full HD quality service to fixed receivers. Types of SVC scalability include temporal, spatial and quality scalability. The increased bit rate due to SVC is about 10%. [6]
2.3.2 Choice of Carrier Mode and Guard Interval

Compared to DVB-T and DVB-H standards, DVB-T2 introduces new carrier modes that will give more freedom to a network designer to select an optimum set of parameters based on the targeted service profile. The new carrier modes, i.e. FFT sizes, are 16k and 32k. In addition it is possible to use extended carrier modes with 8k, 16k and 32k. Increasing the number of carriers mean that the carriers are located narrower with each others and that will have an effect on tolerating the Doppler Effect. The advantage of new carrier modes is the increase in system throughput. FFT size of 8k has been typically used for fixed reception DVB-T, except UK, where 2k was used. [7] In most countries the network operators have also selected 8k to launch DVB-H services. [8] New carrier modes 16k and 32k could be used for fixed reception. The operator should prefer other carrier modes when planning network parameters for mobile services. For portable reception 16k could still be usable. T2-Lite standard defines only the FFT sizes 2k, 4k, 8k and 16k. [2]
As a result of the narrower carrier spacing the symbol duration will be longer. Having the guard interval duration in time as a constant factor, a network operator could choose a smaller parameter for guard interval (GI). For example in 8k system the GI of 1/8 is comparable with the GI of 1/32 in 32k system. The benefit of adjusting the GI is that more throughput could be achieved. 

Considering the current trend of aiming more efficient use of the frequency spectrum, one of the most important improvements of the new DVB-T2 standard is the possibility to implement large SFN networks. The studies show that even a country wide SFN network could be possible using 16k or 32k modes with long guard intervals. [9] Like new carrier modes, DVB-T2 standard defines also new GI fractions: 19/256, 19/128 and 1/128. The shortest GI 1/128 could be a preferred selection for MFN type of network. For a large SFN network a network operator could use one of the longest GI fraction values. The network operator shall select the used GI according to the network structure and used transmitter power levels. It is recommended to select an optimized value for GI to achieve the maximized system throughput. 
2.3.3 Pilot Pattern selection

In DVB-T2 system various type of pilots are used to frame synchronization, frequency synchronization, time synchronization, channel estimation, transmission mode identification and also to follow the phase noise. Different types of pilots include scattered, continual, edge, P2 and frame-closing pilots. DVB-T standard defines a one pilot pattern for scattered pilots with fixed locations but in DVB-T2 the network operator is able to select the used scattered pilot pattern (PP) among 8 possible patterns, from PP1 to PP8, depending on the used FFT size, GI and reception conditions. The patterns differ from each other in the separation of pilot carriers and sequence length. The estimation quality will reduce as the separation between the carriers increase. Pilot pattern 1 includes the maximum number of the scattered pilots, and PP6 and PP7 least. Pilot patterns 2, 4 and 6 are intended to tolerate high Doppler bandwidth as the channel variation is followed only on the frequency scale. Other pilot patterns make also effort to follow the channel on time scale. PP8 is a special case using a decision-feedback technique. The selection of the pilot pattern is a trade of between the system capacity and channel estimation quality. [2][5]
2.3.4 Modulation and coding parameters

Compared to DVB-T, DVB-T2 standard defines a higher order modulation 256QAM in addition to QPSK, 16QAM and 64QAM. With 256QAM 8 bits will be delivered at the same time in one symbol per one sub-carrier. 256QAM would be a preferred choice for fixed reception.
DVB-T2 basic standard defines two possible FEC frame sizes: 16200 bit and 64000 bits. For T2-Lite only the shorter frame size, 16200 bits, is defined. A wide range of FEC parameters has been defined in DVB-T2 standard to make it possible to fine-tune the trade-off between the robustness and system capacity. The possible FEC rates in basic DVB-T2 standard are ½, 3/5, 2/3, ¾, 4/5 and 5/6. T2-Lite defines the following code rates 1/3, 2/5, ½, 3/5, 2/3 and 3/4 with some limitations in certain parameter combinations. In existing implementations a parameter combination of 256QAM 4/5 has been used to maximize the system throughput for fixed reception HDTV services, but for pedestrian and mobile services the network operator may use lower order modulation and more robust FEC rates. To maximize the system capacity in pedestrian or mobile reception network the parameters could be selected like 16QAM with code rate ¾ or 64QAM with code rate 2/3 or ¾, but then the network structure shall be rather dense to provide sufficient performance at the reception point. For a sparser network structure more robust FEC parameters shall be selected, but the cost of more robust parameters will be the loss in system capacity.
2.3.5 Use of Rotated Constellation technique

DVB-T2 standard introduces a new technique of rotated constellation. The technique should improve the performance but the first studies have shown only small improvement or even loss in gain with certain parameters and reception conditions. The results are worse than expected possibly due to the first chip implementations. Modulations QPSK, 16QAM and 64QAM have been tested with various code rates. The results show that in static reception conditions there wouldn’t be any benefit from the rotated constellation whereas in a more challenging channels gain could be found. In case of the most robust code rates there isn’t any gain or it is negligible. [10][11] According to the first results it seems that a network operator has no benefit of using rotated constellation for fixed reception but in case of pedestrian and mobile reception some benefit could be achieved, especially with less robust FEC parameters. As comparable to mobile and pedestrian reception, the performance improvement would apply to static indoor reception as well. More tests are required with new generation DVB-T2 chips to validate the performance of rotated constellation technique.
2.3.6 Time interleaving techniques

DVB-T2 standard defines various types of interleaving techniques: bit interleaving, cell interleaving, time interleaving and frequency interleaving. Time interleaver functionalities will be presented here. By using time interleaving techniques a network operator could improve the system performance in mobile channels. DVB-T2 time interleaving duration could exceed several seconds, but for T2-Lite the time interleaver memory was reduced.[2] Long interleaver duration will benefit in challenging channel conditions including shadowing and fast fading but the disadvantage is the increase in channel zapping time. NorDig defines the maximum 1,5 s zapping time for digital services and 2,5 s for scrambled digital services. [12]
Time interleaver parameters can be selected separately for each PLP. The FEC blocks are grouped into Interleaving Frames that may contain one or several Time Interleaving blocks (TI-blocks). An Interleaving Frame is mapped onto one or several T2-frames. The simplest way is to map one Interleaving Frame that contains one TI-block, directly onto a T2-frame. In case of fixed reception services with single PLP mode, the network operator may increase the number of TI-blocks per Interleaving Frame. As a result the time interleaving duration will be shorter but for fixed services that would be acceptable. The advantage of this technique is the maximized system capacity. For mobile services it is recommended to extend the time interleaving duration by mapping one Interleaving Frame onto several T2-frames. It is also possible to increase the time diversity by using sub-slicing but for mobile services the number of sub-slices should be reasonable for power-saving reasons. It is also possible to limit the presence of certain PLP by using a frame hopping method. According to this method one PLP could be transmitted for example in every second T2-frame only. [2][13]
The calculations show that the zapping time increases significantly when increasing the Frame Interval and Inter-Frame Interleaving especially with longer frame lengths. Hence it is recommended to use rather moderate Frame Interval and Inter-Frame Interleaving parameters. In addition to the zapping time, the time interleaving parameters has also an effect on the system’s power consumption. The expected power saving could be even 90% with appropriate parameters. Careful design of time interleaving parameters is recommended especially for mobile services that will be received with handheld or portable receivers. The calculations show that the power saving increases as the Frame Interval increases but finally saturates when the number of sub-slices increases. According to the simulation results the use of sub-slicing is highly recommended for mobile services. [13]
2.3.7 Use of Multiple Input Single Output technique

DVB-T2 standard defines an option of implementing Multiple Input Single Output (MISO) system based on Alamouti technique. The technique could be used to improve the system performance in SFN scenario where the destructively received signals with equal signal level could cause severe notches in frequency spectrum resulting frequency selectivity and loss in Signal-to-Noise Ratio (SNR). Contrary to the traditional SFN scenario, where all transmitters are assigned to transmit synchronized identical signals, in MISO scheme one transmitter or a group of transmitters are assigned to transmit a modified version of the original signal. The simulation results show that the achieved gain of using MISO technique could be up to 2dB depending on the network configuration. [14] The results encourage the use of MISO technique in SFNs but extensive simulation work is needed to find an optimum configuration of MISO groups. 
2.3.8 Future Extension Frames 
The basic DVB-T2 standard defines a concept of Future Extension Frames (FEF) that enables the transmission of new features or services between the basic T2 Frames. The use of FEFs is optional. For example T2-Lite signal could be transmitted using FEFs. [2] The advantage of using FEFs is the possibility to assign the configuration parameters for a particular service independently from the basic services. Hence, for example network configuration parameters could be assigned separately to mobile and fixed services without a compromise.
2.4 Conclusions

This chapter gives relevant information when starting to plan DVB-T2 networks. The starting point is the service scenario which is the base for network requirements. Different service scenarios include fixed, portable or mobile services, or a mix of them. The network structure of DVB-T2 could be based on the high power sites, like a typical DVB-T network, or medium and low power sites like typical DVB-H networks. Gapfillers can be used if needed. Network could be either MFN or SFN type of network depending on the national frequency allocation plan. DVB-T2 provides a wider range of network parameters compared to DVB-T and DVB-H. New techniques include extended carrier mode, Multiple PLP, rotated constellation, MISO and FEF parts. Extended carrier mode is recommended as it gives capacity improvement. MPLPs could be used to provide services with various bit rates and protection levels. Rotated constellation is recommended in case of portable and mobile services. MISO schema improves the SFN performance. FEF parts could be used to transmit T2-Lite multiplexed with the basic DVB-T2. Also new Time Interleaving options are presented in DVB-T2. The selection of TI parameter has an effect on the channel zapping time, power consumption and system robustness in shadowing and fast-fading conditions. In addition new options for FFT, Pilot pattern, and modulation and code rate parameters are available. An example of a complete network planning exercise is given in chapter 5.
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Abstract 

This document presents a study for the application of two of the available heuristic algorithms to optimize the planning process of digital broadcast networks. Particle Swarm Optimization (PSO) and Simulated Annealing (SA) are compared working in different OFDM modes. These algorithms manipulate the information of the network with static delays in order to maximize the covered area as well as possible at minimum cost. Particle Swarm Optimization (PSO) and Simulated Annealing (SA) are compared working in a different OFDM modes and synchronization strategies. Furthermore, they have been used to estimate the coverage and the interference degree of the network planning placed in the Basque Country, in northern Spain.

3.1 Introduction

Planning for Digital Video Broadcasting (DBV) systems, as DVB-T [1], DVB-H [2] and recently DVB-T2 [3], in Single Frequency Network (SFN) scenarios, provides a more efficient use of the spectrum. SFN transmission can be considered as a severe form of multipath propagation, for this reason OFDM modulation based DVB systems, exploits the ability of the OFDM receivers to work in a multipath environment, combining signals coming from several transmitters with different propagation delays.

This document studies two of the available heuristic algorithms to optimize SFN parameters: the static delay and gain or orientation of the sector antennas. Particle Swarm Optimization (PSO) algorithm [4] and Simulated Annealing (SA) algorithm [5], are compared working in different OFDM modes: the 8K mode for DVB-T and the 4K mode for DVB-H are mainly used.

The intent is to provide technical, economic and social benefits within the limits of a given region. These can be provided by inserting within the SFN the static delays, i.e. the relative transmission delay between transmitters so that in most of the region considered, signals will arrive inside the guard interval. 

The document is organized as follows. Next section describes SFN approach whereas the parameters involved in the coverage are discussed in Section II.B. Section III shows generally optimization algorithms for network planning, in particular previous work in Section III.A and Particle Swarm Optimization algorithm with Simulated Annealing algorithm within Sections III.B and III.C respectively. Section IV proposes the study case. Network is described in Section IV.A and the initial network planning and coverage in Section IV.B. Section V.A includes overall results involving this study case. Section V.B explains the influence about use of different synchronization strategies.  Section V.C and V.D show details concerning use of Strongest Signal (SS) and Centre of Gravity (CoG) synchronization strategies. Finally, conclusions are outlined in Section VI.

3.2 Planning SFN Networks

3.2.1 Problem Description 

A SFN network requires all transmitters synchronized in frequency and time so the receivers in the coverage area may receive signals coming from different transmitters within the guard interval. 

The time of transmitter delivers each OFDM symbol can be adjusted (delayed) to a certain percentage of the guard interval. This is called “SFN static delay adjustment” and the relative delay configuration at each location of the coverage area will be changed. In the case of a dense SFN network, the adjustment of the delays of a high number of transmitters is not a trivial issue and due to the complexity in the number of variables involved heuristics are a good candidate solution as already shown by [6].
Moreover, SFN scenario requires tuning set of system variables. A first group is the usual parameters in UHF site configuration: EIRP (Equivalent Isotropic Radiated Power), radiating system height and antenna characteristics (radiation diagram, azimuth and tilt).
3.2.2 Planning parameters

The theoretical model of OFDM receivers DVB-T/H, under SFN conditions, supposes that the total amount of received signals within the guard interval at the receiver will be contributing to the total usable signal strength. Similarly the echoes coming from transmitters whose relative delay exceeds the guard interval will be contributing to the overall interference. 
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Fig. 1. Block diagram of the approach presented.

References [7]-[10] provide a model of weighting function that considers the effect of possible pre-echoes, signal paths that arrive faster than the current symbol synchronization time reference and the effects of post-echoes, signal paths that arrive slower than the current symbol synchronization time reference. 

Coverage optimization will be obtained by adjusting the relative delays between different transmitters in order to find the optimum relative delay combination that maximizes the useful signal strength and minimize interferences at the receivers, in as many sites as possible. 
3.2.3 Optimization algorithms for network planning

3.2.4 State of the art

The aim of this work is coverage optimization area exploiting heuristic algorithms. The term heuristic is used for algorithms that find solutions among all possible ones, find it fast and easily. They do not guarantee find best solution and for this reason they may be considered as approximately and not accurate algorithms. However, the heuristic approach is a very common problem-solving in the simulation for several possible reasons: solving problem may just be impossible, and solving problem may just be too costly in terms of time or processing power. The use of heuristic algorithms and a propagation prediction tool allows to estimate and increase the power received at each location according to the ITU–R recommendation P.1546 [11]. This information consisting of couples (δp, Cp) and represents the input to the PSO and SA algorithms. The complete approach is shown in Fig. 1, in which two independent blocks work together. Let us consider a SFN consisting of T transmitters distributed over a certain region for which the 3D digital terrain maps are known. 

3.2.5 Particle Swarm Optimization and Previous work

PSO algorithm [12]-[18] optimizes a problem by having a population of candidate solutions, here dubbed particles, and moving these particles around in the search space according to simple mathematical formulae. 
In the previous work [14],[15] is proposed a study about different configurations of PSO [17],[18] depending on swarm topology and swarm synchronization. PSO_AG, PSO_SG, PSO_AL and PSO_SL are studied; PSO–AG+TS is a modified scheme that introduces a GA selection operator in order to increase search pressure and speed up convergence [19]. 
TABLE I Optimization results with pso
	
	Coverage (%)

	
	C>Cmin
	C/I>(C/I)min
	Cov

	No optimization
	92.72
	87.04
	82.47

	OPT1 (PSO)
	92.75
	92.20
	86.55

	OPT2 (PSO)
	91.73
	98.18
	90.39


In Table I different options have been considered: OPT1 with omnidirectional antennas at both sides, carrying out the optimization of the static delay for the T=18 transmitters, and OPT2, introducing 120 degrees sector antennas on each transmitter and considering at the receiver side a typical directive antenna pattern with a beamwidth of 60 and 20 degrees in azimuth and elevation, respectively, a gain of 13 dBi and a -12 dB sidelobes level. So, in OPT2 analysis, PSO considers a 24-dimensions vector X=(x1, x2, .. ,x18, xk,d+1, xk,d+2, xk,d+3, xk,d+4), a 4K mode DVB–H system and a CoG synchronization strategy at the OFDM receivers .
Table IV in next sections presents a detailed study regarding original SFN and PSO-GA in term of  C>Cmin, (C/I)>(C/I)min and Coverage. In addition results are compared in SS and CoG synchronization strategies. Coverage indicates the percentage of receiver locations in which either the C>Cmin or C/I>(C/I)min criteria, or both, Cov, are accomplished. Furthermore, it has been considered again Cmin=-75 dBm and (C/I)min=13.4 dB as the threshold value to decide whether a receiver location within the simulation area is covered or not.  In addition results are compared in SS and CoG synchronization strategies with 4K OFDM mode and 8K OFDM mode and ¼ guard interval Δ in both cases.

3.2.6 Simulated Annealing

The idea of SA comes from a paper published by Metropolis et al. in 1953 [20]. The algorithm in this paper simulated the cooling of material in a heat bath. This is a process known as annealing, in metallurgy a technique involving heating and controlled cooling of a material to increase the size of its crystals and reduce their defects. The heat causes the atoms to become unstuck from their initial positions (a local minimum of the internal energy) and wander randomly through states of higher energy; the slow cooling gives them more chances of finding configurations with lower internal energy than the initial one.
In the same way, as well as described in previous work for PSO schemes, the fitness or cost function establishes the only relationship between the physical problem and the SA algorithm, so the performance of the approach is directly related to the fitness function used. The goal of SA algorithm is to minimize the (1), thus, increase the estimated coverage area, by optimizing the 18-dimensions vector X=(x1, x2, ... , x18), consisting of the static delay for each transmitter, and in which the dynamic range allowed for any static delay lies in the interval xt([0,(]. 

[image: image2.wmf]î

í

ì

>

>

=

=

å

=

otherwise

I

C

I

C

C

C

Cov

P

Cov

F

P

p

,

1

)

/

(

/

,

,

0

,

min

min

0

                          (1)
[image: image3.png]



Fig. 2. Details of the SFN with T=18 transmitters along with the region in which the analysis has been carried out.

The optimal adjustment of the delays of a high number of transmitters in SFNs can be made possible by a validated technique based on the metaheuristic Simulated Annealing as studied in [6] in order to minimize the areas affected by ISI and so that increase the final network coverage. In fact the algorithm works by representing the parameters of the function to be optimized as continuous numbers, and as dimensions of a hypercube (N dimensional space). The fitness function given in (1), represents the ratio of receiver locations without coverage, using two different criteria to decide whether any receiver site p is covered or not. Any location p of the grid  is covered only if the total power of the useful signal and the C/I ratio are above the threshold values considered for the service, C>Cmin and C/I>(C/I)min respectively. 
Parameters of SA algorithm [21] are delineated as follow: T is a control variable called Temperature gradually decreased along the process, k is the index of steps during which the temperature is fixed, n is index of the interactions at every step during which there are at most mk iterations, fi denotes the current function value, fj is the new function value and fval the final function value. The temperature is decreased at each step according to Tk+1=α∙Tk, the monotonic function where (α∙T)→0. The choice of α is crucial for convergence and for the capability to exit by a local minimum. The function mk+1=β∙mk which indicates the maximum number of iterations for each step, is a non-decreasing function inasmuch as the number of sub iterations does not decrease between one step and the next.
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Each step of the SA algorithm replaces the current solution by a random "nearby" solution, chosen with a probability (2) that depends both on the difference between the corresponding function values and also on a global parameter T (called Temperature); for a negative difference of energy (3), the new solution is accepted with a probability defined by Boltzmann distribution whereas for a positive difference of energy, the new solution is always accepted.  The dependency is such that the current solution changes almost randomly when T is large, but increasingly "downhill" as T goes to zero. The allowance for "uphill" moves saves the method from becoming stuck at local optima which are the bane of greedier methods.
TABLE II  Comparison of the SA and Asa Optimization Schemes. 

	
	Coverage (%)

	
	Min
	Max
	Average

	No optimization (without static delays)
	--
	82.47
	--

	SA
	86.46
	86.52
	86.49

	ASA
	86.48
	86.53
	86.51


TABLE III Comparison of the SA and Asa Optimization Schemes under Different Conditions of Reception and Transmission

	
	Coverage (%)

	
	C>Cmin
	C/I>(C/I)min
	Cov

	No optimization (without static delays)
	92.72
	87.04
	82.47

	OPT1 (SA)
	91.98
	90.23
	83.72

	OPT1 (ASA)
	91.49
	91.17
	84.69

	OPT2 (SA)
	91.15
	93.56
	86.24

	OPT2 (ASA)
	90.93
	92.19
	87.36


Another configuration of SA, the Adaptive Simulated Annealing (ASA) [22] is also considered. Let us use a variant of SA algorithm in which the algorithm parameters that control temperature schedule and random step selection are automatically adjusted according to algorithm progress. This makes the algorithm more efficient and less sensitive to user defined parameters than canonical SA. The temperature and the step size are adjusted so that all of the search space is sampled to a coarse resolution in the early stages, whilst the state is directed to favorable areas in the late stages. For these reasons is not possible to consider the parameter α as a constant for each step as considered in general SA. 

3.3 Study case

3.3.1 Network Description

SFN topology analyzed in PSO and SA, concerns the geographic region of the Basque Country, in northern Spain. The region exhibits a very complex orography of territory, and is around 150 km long and 115 km wide,, bordering on Cantabric sea to the north. The region, indicating the location of the T=18 transmitters considered for the SFN, is shown in detail in Fig. 2. Power transmitted is 1 Kw for each transmitter, inside the simulation area is considered a grid 100 x 100 m in size that leads to a set of P=1.173×106 receiver locations.
3.3.2 Initial Network Planning and Coverage

Initially, let us consider a simplified version of the approach, considering omnidirectional antennas at both transmitter and receiver sides in order to save computational cost for this parametric comparison. Subsequently, two different options have been considered: in OPT1, xk,d([0,Δ], as the static delays for the 18 transmitters are the only unknowns. In OPT2 configuration and for any transmitter t, besides its static delay, xk,d([0,Δ], the attenuation to be applied to each 120 degrees sector antenna as well as their relative orientation must be included, (xk,d+1, xk,d+2, xk,d+3)([-6dB, 0] and xk,d+4( [0, 120º], respectively.  SA has been tested with different OFDM modes: 8K (useful symbol Tu=896 μs and ¼ guard interval Δ=224 μs) and 4K (useful symbol Tu=448 μs and ¼ guard interval Δ=112 μs). Furthermore, according to (1), any receiver location, p, is marked as served or covered only if both conditions C>Cmin and C/I>(C/I)min are satisfied considering as the threshold levels Cmin=-75 dBm and (C/I)min =13.4 dB.
3.4 Results and Discussion

3.4.1 Overall Results

The initial network without static delay presents a coverage of 82.47%. The results shown in Table II denote the performances among SA and ASA; the estimated coverage is defined in term of minimum, maximum and average. Table III shows details about two different options. OPT1 considers omnidirectional antennas at both lobes and the optimization of the static delay for the T=18 transmitters. In addition to the static delay,  OPT2 applies the attenuation to each 120 degrees sector antenna as well as their relative orientation. In OPT2 the estimated coverage increases to 87.4%. For these schemes any receiver location, p, is marked as served or covered only if both conditions C>Cmin and C/I>(C/I)min are satisfied at the same threshold levels previously considered.
TABLE IV  STATIC DELAYS OPTIMIZATION FOR BOTH STRATEGIES SS And CoG

	                         Sync. strategy

DVB Mode
	SS (%)
	CoG (%)

	8K


	Original

SFN
	C>Cmin
	77.78
	78.0

	
	
	(C/I)>(C/I)min
	90.75
	99.75

	
	
	Cov
	72.50
	77.85

	
	PSO-AG
	C>Cmin
	77.82
	78.0

	
	
	(C/I)>(C/I)min
	93.21
	99.85

	
	
	Cov
	73.82
	77.93

	
	ASA
	C>Cmin
	77.79
	78.0

	
	
	(C/I)>(C/I)min
	92.05
	99.76

	
	
	Cov
	73.02
	77.89

	4K


	Original

SFN
	C>Cmin
	77.61
	77.85

	
	
	(C/I)>(C/I)min
	80.43
	80.46

	
	
	Cov
	66.66
	68.30

	
	PSO-AG


	C>Cmin
	77.66
	77.88

	
	
	(C/I)>(C/I)min
	83.83
	88.48

	
	
	Cov
	68.73
	71.10

	
	ASA
	C>Cmin
	77.61
	77.86

	
	
	(C/I)>(C/I)min
	81.04
	84.83

	
	
	Cov
	67.01
	69.83


3.4.2 Influence of the Receiver Synchronization Strategy

Two different FFT window synchronization strategies for the OFDM receivers (SS and CoG strategy) have been considered to evaluate SA schemes. As shown in previous work for PSO schemes, SA also shows that CoG is more powerful than SS strategy. This is justified by the fact that each receiver uses not only the strongest signal (SS) and subsequent signals that arrive within guard interval but it makes a time-average (so-called Centre of Gravity) and uses the signals around this time increasing useful strength and decreasing noise effect within the guard interval [0,Δ].

3.4.3 Coverage Sectorization

Due to the orography of the territory, the orientation of the antennas has not been modified in the comparison between PSO and SA schemes. Analysis showing that in some cases a loss of 6 dB is applied in sectors antennas to minimize the interference in those directions, whereas other transmitters use the maximum power to increase the coverage area in those regions for which the orography makes it impossible for any other transmitter to reach receivers. Significant differences between PSO and SA are not detected within range of the three proposed loss power [0,1] dB, [2,3] dB and [5,6] dB.
3.5 Conclusions

This work combines a propagation prediction tool and two heuristic algorithms. SA has been presented in order to improve the estimated coverage in a network SFN under the applications of DVB-T/H systems. After the analysis carried out in previous work which involved various PSO schemes, SA is applied at the same conditions of static delay for each transmitters, sector antenna gain and sector relative orientation. A variant of SA, the adaptive simulated annealing (ASA) is also considered and results are compared. ASA scheme is more efficient than SA because of parameter T is adjusted in particular way. As shown in Table II the improvement is almost 1% and that is the reason for which the best choice is compare ASA scheme with PSO scheme as detailed in Table IV. As well as PSO algorithm, SA presents the capability to increase overall coverage and reduce interference in critical directions. However, PSO algorithm is the best approach for this study case and SA provides satisfactory results considering the greater simplicity and fewer control parameters available.
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Abstract—. This paper describes the location variability of the received field strength derived from the statistical analysis of

data obtained during a set of tests carried out in the cities of Bilbao and Madrid. The systems and services referred in this

study are those ones operating in UHF band, specifically in TV Bands IV and V (470 - 860 MHz). Their evaluation has been

based on the empirical references of standards originated inside the DVB (Digital Video Broadcasting) Consortium. Nevertheless, the obtained results can be extrapolated to the deployment of other standards operating in similar frequencies with a comparable bandwidth such us MediaFlo, ATSC M/H and so on. The main conclusion of this work is that the current values recommended by ITU-R and ETSI are pessimistic for SFN and MFN scenarios, different reception environments and digital terrain database granularities sizes below 100 meters (“small areas” according to the planning procedures). In that case, the standard deviation of the received field strength values is always lower than 3 dB.

Index Terms— Digital Broadcasting Systems, DVB, OFDM, Particle Swarm Optimization, Single Frequency Networks
I. INTRODUCTION

The location variability inside the coverage area of a radio communication service is a key parameter for the corresponding network dimensioning, especially in the case of portable and mobile reception due to the influence of multipath propagation and the associated signal variation. In such scenarios, the combination of non directive reception antennas, and the predominant lack of line of sight with the transmitters, leads to variations that can eventually reduce the received signal level below the minimum C/N threshold, causing radio link failures. Therefore, such variation should be considered when defining the network topology and radiated power. From the point of view of link budget calculation, the influence of the location variability is considered statistically by adding a correction factor thatguarantees a certain coverage probability (typically 70%, 90%, 95% and 99% depending of the service class and the

coverage target). 

In the case of analogue broadcasting services, the procedures to estimate the received power level have been oriented to network topologies based on sparse transmitters with wide service areas. Taking into account this, cells of typically 100 x 100 meters have been the planning unitary region with representative values of the terrain and clutter height. The field strength is then evaluated as the median value of this small area with dimensions inherited from

analogical systems design and mainly imposed by the accuracy terrain digital databases available in the 90s [7]. Nowadays, a similar network planning for urban areas and mobile cellular services considers advanced coverage

propagation tools that require high precision digital terrain databases of up to 5x5 meters resolution. In this context, the characterization of the location variability for area sizes lower than 100 x 100 meters is also of great interest for mobile and portable TV services in urban areas.

There are several recommendations and implementation reports published by international regulatory organizations with the aim of homogenizing planning procedures for portable and mobile broadcast services. Amongst them, the ETSI (European Telecommunications Standard Institute) and the ITU-R (International Telecommunications Union – Radio communications Sector) have provided the most remarkable references, so that all the currently available recommendations on location variability are based on a 100x100 meters small area size.
The ETSI has published implantation guides for the DVB-T [3], DVB-H [4] and DVB-SH [5] systems. The location correction factors in these guides are based on the ITU-R Recommendation P.1546-1 [7], that gives a standard deviation for wideband signals of 5.5 dB. At the moment, experimental work is ongoing for the DVB-T2 standard [8] and the future system DVB-NGH [20], so that the values of the location correction factor defined for DVB-T and DVB-H are being considered in those cases. Finally, although DVB-SH works in a completely different frequency band (S-Band) and thus, the signal should not necessarily vary in the same way, the DVB-SH implementation recommendations [5] suggest again identical correction values (in this case based on the ITU-R Reccomendation M.1225) [20].

The theoretical value of the location correction factor can be derived from the standard deviation assuming a log-normal distribution for the electric field variability as follows:

[image: image6.png]Location correction factor(dB) = Qu(:

1DD)r&(f)






(1)

Where, ‘Qi (x)’ is the accumulative inverse function of the normal field distribution probability, ‘q’, the coverage target and ‘σL(f)’, the location standard deviation. For indoor reception, this correction is the combined result of an outdoor variation factor and a variation term due to building attenuation (function of the frequency). Since, the corresponding distributions are expected to be uncorrelated, the standard deviation of the indoor field strength distribution can be calculated by taking the root of the sum of the squares of the individual standard deviations. As a consequence, the location variation of the field strength increases for indoor reception. Table I shows the coverage target and location distribution correction factor in DVB-T [3], DVB-H [4] and DVB-SH [5] implementation guidelines. A standard deviation of building penetration losses of 3 dB, 6 dB and 10 dB is considered for VHF, UHF and S- bands respectively. 

The objective of the present work is to analyze the electric field location variability for planning portable and mobile broadcast services in UHF band and urban environments. Other secondary objectives are to check the assumption of the

TABLE I

LOCATION CORRECTION FACTORS FOR DVB SYSTEMS
	
	Reception Class 

	Taget (%)


	Location Correction Factor (dB)

	DVB-T
	Outdoor, fixed and portable
	>95
	9

	
	
	>70
	2.9

	
	Indoor, portable, VHF
	>95
	10

	
	
	>70
	3

	
	Indoor, portable, UHF
	>95
	14

	
	
	>70
	4

	DVB-H
	A(Outdoor, portable / mobile, UHF)
	>95
	9

	
	
	>70
	3

	
	B (Indoor, portable UHF)
	>95
	14

	
	
	>70
	4

	
	C,D (In vehicle, mobile, UHF)
	>95
	13

	
	
	>70
	7

	DVB-SH
	A (Outdoor, portable / mobile, S-Band)
	>95
	9

	
	
	>70
	3

	
	B (Indoor, portable S-Band)
	>95
	16.4

	
	
	>70
	5.2

	
	C,D (In vehicle, mobile, S-Band)
	>95
	12.8

	
	
	>70
	7


electric field variability log normal distribution through the obtained measurements, as well as to analyze the influence of other factors in the location variability such us the environment, the SFN operation and so on. The paper is structured as follows. First, a summary of previous references is provided. After that, the empirical databases will be presented, with a description of the test environments and the coverage scenarios where the measurements took place. Explanations of the data processing will follow and next section presents the results in comparison with recommended values and the results derived from previous studies. Finally, in the last section, the conclusions of the study are summarized.

II. PREVIOUS STUDIES

Several authors have studied in the last decade the electric field location variability within the service area of a broadcast network. In [21] can be found a study of this problem that considers a small coverage area of 100 x 100 meters. The main conclusion of this paper is that the location correction factor is significantly lower than those appearing in international recommendations. In fact, the medium values of the outdoor location standard deviation measured were below 3 dB and no differences were found between urban and suburban environments.
Recently, within the CELTIC B21C project framework [23], and simultaneously with the work presented in this paper, experimental measurements have been accomplished to obtain DVB-H systems planning parameters. These measurements have been done in Finland (Helsinki, Turku, Tampere and Oulu) setting up networks with different density of transmitters (from a SFN architecture with 11 transmitters in Helsinki to a single transmitter in Oulu). Authors of the study considered small area sizes from 1 x 1 meters to 500 x 500 meters. The outdoor location standard deviation values found in Finland are significantly lower than the usual recommended value of 5.5 dB. Also, MFN networks show values of 0.5 dB to 1 dB higher than the ones associated to a SFN and the variation between different areas of the same city is below 1 dB. Finally, the outdoor location standard deviation does not show relevant variability as a function of the area size, if it is kept below 100 x 100 meters.

III. EMPIRICAL DATABASE

A. Field Measurements

The present study is based on two measurement campaigns carried out in metropolitan areas of two cities in Spain, Madrid and Bilbao. During these tests, the received power level was measured along several streets and access roads of these cities, planning routes with a variable longitude so that a post processing was necessary to analyze the location variability for different small area sizes (from 5 x 5 meters to 500 x 500 meters). For this purpose, a GPS to take the geolocation every second (position and speed) and a vectorial analyzer, capable of providing the median value of 26 measurements of the received power level each second, were used. Also, a receiving antenna with an omnidirectional horizontal pattern was placed on top of the measurement vehicle at a height of 2 meters above ground level.

B. Coverage Scenarios

All the measurements carried out in Madrid and Bilbao were been made using signals on channel 68 of the UHF band

(846 to 854 MHz). In both cases, the network consists of three transmitters (a main transmitter with two auxiliary gap fillers) providing coverage in the city center and its surrounding area, so that the signals coming from one, two or the three transmitters were received. Even so, it should be noted that the coverage scenarios in this study are more likely to be considered as MFN scenarios because there was very little overlap between the coverage of the different transmitters. Therefore, the SFN effect was negligible for the majority of the locations.

IV. ANALYSIS PROCEDURE

A. Data Filtering

The first step for the data processing consisted of filtering an error due to the lack of the GPS information during part of

the recordings (tunnels or dense urbanized areas). All the measurements affected by these errors were not considered for

the analysis in order to avoid inaccuracies on the results. Once all routes were filtered, the next step was to build the route databases geo-referencing each received power level measurements. To do this, the distance between two

consecutives GPS points was calculated and proportionally distributed among all the measurements of received power taken between them, depending on the temporal data.

B. Statistic Calculation Procedures

The next step was to group the power level measurement points along a route considering segments of a length corresponding to different small area sizes (from 5 meters to 500 meters). For each segment, route and measurement area (Madrid and Bilbao), the mean, maximum, minimum, 95th percent and 99th percent statistical values of the location

standard deviation were obtained. Also, the 50th, 70th, 95th and 99th percentiles of the received field strength level were

calculated in order to determine empirically the location correction factor for different coverage targets. Segments where the received power level of one of the measurements was lower than -85 dBm were not considered because this value was close to the noise floor of the signal vector analyzer (-90.2 dBm). Also, segments where the number of measurements was not enough to be statistically representative (less than 30 samples, according the central limit theorem) and cases where the accumulated distance between measurement points in a segment was lower than the

90% of the segment longitude, were also filtered.
C. Sampling

The separation between measurements must fulfill certain requirements to ensure that the samples taken inside a segment are statistically representative of the electric field variability. In this line, the European Radiocommunication Committee (ERC) specifies the maximum distance between consecutives measurements [24]. Also, it is common to consider two types of electric field variation, slow variation and fast variation, so that in order to characterize the second one a separation between samples of 0.8 λ is required, being λ the wavelength of the measured signal. This condition implies a distance base control of the sampling process. Taking into account this, the measurement acquisition was

time controlled and the data were re-sampled to fit to the sampling requirements. This re-sampling is done removing the measurements separated less than 0.2λ (oversampling removal) and more than 1.2 λ (called “subsampling condition”

in this paper). For the fulfillment of this second condition and also for the frequency used during the tests, the vehicle speed cannot exceed 40 km/h. This is too restrictive when measuring in urban and suburban environments and involves an important reduction of available valid segments, especially when studying the longest ones. In practice, the analysis of the results has shown that the subsampling condition did not have a significant impact on the final results.

V. RESULTS

A. General

In this section, a summary of the results for the outdoor location standard deviation (the mean, maximum and minimum values) obtained from the measurement campaigns in Madrid and Bilbao is presented. As seen in Figure 1, the mean value of the standard deviation for a cell size of 100x100 meters is quite lower than value of 5.5 dB recommended by ETSI.

[image: image7.emf]
Fig. 1. Mean, maximum and minimum standard deviation obtained in Bilbao and Madrid for different cell sizes

Also, it can be observed that the smaller the cell size, the lower the deviation. However, the difference between cell

sizes of 10x10 meters and 100x100 meters is below 1 dB, being the results obtained for the cities of Bilbao and Madrid practically the same. Higher differences can be appreciated for cell sizes higher than 100 x 100 meters. This is due to the slow fading, which has a remarkable influence for distances longer than 40λ (113 meters for a frequency of 850 MHz). Its effect depends significantly on the topology of the city and this fact conditions the difference for cells higher than 100x100 meters.
B. Statistical Distributions

The accuracy of the log-normal approximation of the variation distribution has been also analyzed. In order to verify this assumption, Figure 2 and Figure 3 show a comparison between the theoretical values (derived from the log-normal expressions) and the empirical results obtained from the measurement campaigns in Bilbao and Madrid.
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Fig. 2. Comparison between theoretical and empirical values of the location correction factor derived from the measurements carried out in the city of

Bilbao for different cell sizes.
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Fig. 3. Comparison between theoretical and empirical values of the location correction factor derived from the measurements carried out in the city of

Madrid for different cell sizes.
C. Comparison with other studies

A comparison with the results derived from the work carried out within the CELTIC B21C project has been made, in order to guarantee that the obtained values can be extrapolated to different cities.
General conclusions of the comparison

Figure 4 and 5 shows the comparison with the B21C results for the location standard deviation and the location correction factors.

[image: image10.emf]
Fig. 4. Comparison with the standard deviation obtained in Finland [23] from different cell sizes.

[image: image11.emf]
Fig. 5. Comparison with the empirical correction factor obtained in Finland from different cell size from 5 x 5 m to 500 x 500 m
For the location standard deviation, a value higher than the one obtained from the tests in Finland was calculated for Madrid and Bilbao. The authors consider that this difference is due to the SFN effect, which reduces the field strength variability. Such hypothesis can be verified comparing the results of these cities with the ones corresponding to the MFN network in the city of Oulu and the SFN networks in Turku, Helsinki and Tampere cities. Regarding the empirical location correction factors, the value for the 95% coverage target was again higher in Madrid and Bilbao. This is consistent with the behavior of the standard deviation and it can be explained due to the SFN effect that appears for the 95% of the location objective in the case of measurements performed in Finland.
Comparison in MFN environments

Although from an architectural and structural point of view, the city of Oulu does not represent a comparable environment scenario to Madrid and Bilbao cities, all of them can be considered MFN scenarios. Figure 6 shows that practically the same results are obtained in these three cities for cell sizes of up to 100x100 meters.

[image: image12.emf]
Fig. 6. Comparison of the standard deviation obtained in Madrid, Bilbao and Oulu from different cell sizes.
Comparison in SFN environments

Finally, the results in Madrid and Bilbao are compared with the ones associated to SFN scenarios in Tampere, Turku and Helsinki . Figure 7 shows that the median value of the location standard deviation for cell sizes below 100 x 100 meters is between 0.5 and 1 dB higher in MFN scenarios (Madrid and Bilbao) than in SFN scenarios (Helsinki, Tampere and Turku).

[image: image13.emf]
Fig. 7. Comparison of the standard deviation obtained in Madrid and Bilbao vs. the results in Helsinki, Tampere and Turku from different cell sizes.
These values are surprisingly low, considering that the range of 0.5 dB to 1 dB could be considered as the measurement accuracy (in the best scenario) of a calibrated professional field strength meter.
I. CONCLUSIONS

An empirical study to evaluate the field strength variation over a small geographical area for planning purposes has been presented in this paper. The authors have evaluated the standard deviation, the statistical distributions and the influence of different factors in the variability of the received signals and the study has been based on DVB-T measurement campaigns carried out in the UHF band and in two different cities of Spain. It has been concluded that, considering a cell size of 100 x 100 meters, the median value of the outdoor location standard deviation for mobile and portable broadcast MFN services in urban environments is lower than 3 dB. This is clearly below 5.5 dB, as recommended by both ITU-R and ETSI. Also, the median value of the outdoor location standard deviation has been found to depend very weakly on the cell size (1.5 dB for a cell size of 5 x 5 meters and 2.2 dB for a cell size of 25 x 25).

It should be noted that nowadays the available cellular network planning tools work typically using DTM (Digital Terrain Model) information with a resolution of 5 meters in urban applications and 25 meters for suburban environments. Therefore, it would be suitable to use the values of the location standard deviation obtained in this work, for calculating the location correction factor in order to avoid over dimensioning of the network.

The comparison of the results in different cities (Bilbao, Madrid and Oulu) shows that the standard deviation values are practically the same up to cell sizes of 100x100 meters. From this size on, a change in electric field statistical distribution can be observed due to the effect of the slow shadowing, which depends on the urban topology. According to the small differences between the current available data, it can be concluded that the obtained values for the location standard deviation can be directly extrapolated to any metropolitan region.

Apart from this, it has been also deduced a Log-normal approximation fits very well the empirical data. Besides, a comparison of the results calculated for different SFN and MFN scenarios demonstrated that the SFN location standard deviation values are between 0.5 dB and 1 dB below the ones obtained for MFN scenarios.

Finally, the previous comparison shown notable differences in the empirical location correction factors  for a coverage target of 95% of the locations, being higher in MFN scenarios than in SFN ones. However, the behavior is different when considering a coverage target of 99%, since practically there is no difference between them. In this case, it can be assumed that the SFN effect for so high coverage target is much lower.
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5 DVB-T2 Network Planning (Digita)
The target of this study is to present the network planning process and give an overview how the selection of DVB-T2 network parameters could be done. A demonstration of the impact of network parameters on the coverage area extent and quality is given. In addition different use cases will be studied within the basic service scenarios. Two different service scenarios will be studied: DVB-T2 network for mobile TV services and DVB-T2 network for mixed HDTV and mobile TV services. First appropriate configuration parameters will be selected and link budgets will be created for each service. Then network coverage area predictions will be calculated and analyzed. Typically some iteration is required within the planning process in order to achieve an optimum outcome.
Note that in this exercise a traditional fixed reception type of network providing HDTV services is not treated as such but as a part of the schema of mixed services. 

It is also good to note that the DVB-T2 base standard and the T2-Lite profile are highly overlapping. T2-Lite profile is intended for mobile services with simpler receiver implementation and low capacity compared to the base DVB-T2 standard. However a T2-Lite signal could be received with a normal DVB-T2 receiver and vice versa. 
5.1 DVB-T2 network for mobile TV services
In this paragraph network planning of mobile TV services is studied. An overview of a network planning process, selection of configuration parameters, link budgets and simulation outcomes will be given in order to give advice and help network operators to plan a DVB-T2 network. 
5.1.1 Selection of network parameters
The selection of DVB-T2 mobile parameters is based on the guidelines given in chapter 2. The required system throughput depends on the number of services and the required bit rate of one service. It is expected that the number of DVB-T2 mobile services would be at least the same than it is currently provided in DVB-H networks. The typical amount of services is about 10 television channels. [1] The required bit rate for a tablet type of receiver is around 1Mbit/s.
In this example we consider that all service will be provided with the same level of protection and thus a single set of network configuration parameters is composed. Mode A could be selected as there is no need to assign different modulations or code rates for different services, but as a result the maximum interleaving depth would be limited and the concept of sub-slicing couldn’t be used. Hence Mode B is selected. The network structure will be dense SFN because a good quality of mobile performance is targeted for class D mobile reception, i.e. handheld with integrated reception antenna. A compromise is done between the network extent, mobility and system throughput and thus FFT size of 8k with extended carrier mode and GI 1/8 is selected. The used bandwidth in this example is the typical UHF raster, 8MHz. The evaluation will be done for 16QAM and 64QAM modulations with rotated constellation. The used code rate is ¾. Pilot pattern 2 is selected and SISO scheme adopted in this study. SISO was selected because the planning software didn’t support MISO at that time when this exercise was executed. With LDPC block length 16200 bits the resulted system throughput is about 17,7 Mbit/s for 16QAM and 26,7Mbit/s for 64QAM. The parameter set is valid for both DVB-T2 base and T2-Lite profiles. The parameters are presented in table 1.
Table 1. Selected network configuration parameters for DVB-T2 mobile reception network

	Network parameter
	 

	LDPC block length
	16200 bits

	Bandwidth
	8 MHz

	FFT size
	8k ext.

	GI
	1/8

	Modulation
	16QAM/64QAM

	Code rate
	¾

	PP
	PP2

	SISO/MISO
	SISO


5.1.2 Link budget

The link budgets for mobile reception classes C and D are presented in table 2. The link budget values of required C/N are applied values based on the DVB-T2 measurement results. [2] Other values are adopted from the DVB-H Implementation Guidelines. [3] The first DVB-T2 mobile measurements were carried out systematically at maximum speed of 50 km/h, but the research group reports that the maximum tested speed was 120 km/h. 
Table 2. Link budget for mobile reception
	Parameter
	Unit
	16QAM 3/4 Mobile handheld, car indoor
	16QAM 3/4 Mobile outdoor car roof top ant.
	64QAM 3/4 Mobile handheld, car indoor
	64QAM 3/4 Mobile outdoor car roof top ant.

	 
	 
	 
	 
	 
	 

	Frequency
	MHz
	610,0
	610,0
	610,0
	610,0

	Noise floor
	dBm
	-105,1
	-105,1
	-105,1
	-105,1

	Rx Noise Figure
	dBm
	6,0
	6,0
	6,0
	6,0

	C/N
	dB
	19,0
	19,0
	25,0
	25,0

	Min Rx input power
	dBm
	-80,1
	-80,1
	-74,1
	-74,1

	Rx antenna gain
	dBd 
	-12,0
	-2,0
	-12,0
	-2,0

	Antenna aperture
	dBm2
	-27,0
	-17,0
	-27,0
	-17,0

	Minimum Field Strength
	dBuV/m
	62,7
	52,7
	68,7
	58,7

	Car penetration loss
	dB
	7,0
	0,0
	7,0
	0,0

	Car penetration std
	dB
	6,0
	6,0
	6,0
	6,0

	Location variation std outdoor
	dB 
	3,0
	3,0
	3,0
	3,0

	Location variation 90% prob.
	dB
	8,6
	8,6
	8,6
	8,6

	Location variation 99% prob.
	dB
	15,6
	15,6
	15,6
	15,6

	 
	 
	 
	 
	 
	 

	Emin 90% prob. at 1,5m
	dBuV/m
	78,3
	61,3
	84,3
	67,3

	Emin 99% prob. at 1,5m
	dBuV/m
	85,3
	68,3
	91,3
	74,3


5.1.3 Simulation results

A commercial network planning software was used to predict the coverage area. The propagation model is based on diffraction calculation that is used together with 25m and 100m digital elevation models. Reception antenna height is 1,5m for mobile reception. The coverage area predictions are calculated with coverage area probability 90%. The used grid resolution is 100m.

Figure 1 presents the coverage area prediction of 16QAM with both reception classes C and D. The red area corresponds to the coverage area of mobile car indoor reception, i.e. the predicted field strength is above 78dBµV/m. The red area together with the orange area corresponds to mobile outdoor reception with a roof top antenna. The network consists of six medium power transmitter stations that locate around Helsinki on the south cost of Finland. The maximum ERP of Tx1 is 10 kW and all others 2 kW. Tx1 represents a high tower with Tx antenna height about 300m. All other sites represent typical telecommunication towers with antenna height from 65 m to 130 m. The elevation on the calculation area varies from 0 m to 100 m. The six planned sites provide a good reception quality on the target area for both mobile indoor and outdoor reception.
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Figure 1. Coverage area prediction, 16QAM, 6 transmitter sites. Red: mobile car indoor, population 999010 Red+Orange: mobile outdoor, population 1142326
Then the network structure and transmitter systems are remained constant but the coverage area prediction is calculated for 64QAM modulation. The required field strength levels are higher compared to 16QAM what has an effect on the extent of the coverage area. The calculated coverage area prediction is presented in figure 2.
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Figure 2. Coverage area prediction, 64QAM, 6 transmitter sites. Red: mobile car indoor, population 882667 Red+Orange: mobile outdoor, population 1112548
When comparing figures 1 and 2 the drawback of increasing system throughput can be seen. The expense of the increased throughput, from 17,7Mbit/s to 26,7Mbit/s, is that the coverage area becomes smaller and additional transmitter sites are needed to cover the gaps within the target area. Hence 3 additional sites are created and a new coverage area prediction is calculated. The added new sites are Tx5, Tx8 and Tx9. The sites are similar to the existing sites with the maximum ERP 2 kW and antenna height 70 m. The resulted coverage area is presented in figure 3. The coverage area is comparable to the coverage area of 16QAM solution.
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Figure 3. Coverage area prediction, 64QAM, 9 transmitter sites. Red: mobile car indoor, population 956721 Red+Orange: mobile outdoor, population 1114595
5.1.4 Analysis of other reception scenarios
Though the network parameters were selected for certain reception conditions and the coverage area is planned according to the relevant link budget values, other types of reception are possible. In this example the parameters were selected for mobile reception that corresponds to the most difficult reception scenario in terms of Doppler tolerance and fading conditions. It is obvious that the selected parameters support fixed and portable reception, but the coverage areas of fixed and portable services are different due to the differences in link budget values. Table 3 presents the link budgets for fixed reception and portable indoor reception. The analysis is done only for 64QAM modulation. The required C/N values are applied values from the measurements; other values are applied values from DVB-H and DVB-T Implementation Guidelines. [2][4][3][5] It can be noticed that the required minimum field strength level of portable reception is comparable to the mobile indoor reception scenario.
Table 3. Link budgets for fixed and portable indoor reception

	Parameter
	Unit
	64QAM 3/4   Fixed reception
	64QAM 3/4  Portable handheld, indoor

	 
	 
	 
	 

	Frequency
	MHz
	610,0
	610,0

	Noise floor
	dBm
	-105,1
	-105,1

	Rx Noise Figure
	dBm
	6,0
	6,0

	C/N
	dB
	21,0
	21,0

	Min Rx input power
	dBm
	-78,1
	-78,1

	Rx antenna gain
	dB
	7,0
	-12,0

	Antenna aperture
	dBm2
	-8,0
	-27,0

	Minimum Field Strength
	dBuV/m
	45,7
	64,7

	Building penetration loss
	dB
	0,0
	15,0

	Building penetration std
	dB
	-
	6,0

	Location variation std outdoor
	dB 
	5,5
	3,0

	Location variation 70% prob.
	dB
	2,9
	3,5

	Location variation 95% prob.
	dB
	9,0
	11,0

	 
	 
	 
	 

	Emin 70% prob. at 10/1,5m
	dBuV/m
	48,6
	83,2

	Emin 95% prob. at 10/1,5m
	dBuV/m
	54,7
	90,7


Then the coverage area prediction is calculated for fixed and portable services with 70% of coverage area probability. The network consists of 9 transmitter stations. The same calculation method and tool that were used for mobile reception scenarios are used here except the reception antenna height of 10m for fixed services. The used coverage area probability is 90% for mobile scenarios. The coverage area of portable indoor scenario is presented along with mobile scenarios in figure 4. The coverage area of portable indoor reception is almost the same as the coverage area of the mobile indoor scenario because the difference between the required field strength of mobile indoor and portable indoor reception is only 1dB. The brown area together with the red area corresponds to the portable indoor reception.
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Figure 4. Coverage area prediction, 64QAM, 9 transmitter sites. Red: mobile car indoor, 956721 Red+Brown: Portable indoor, population 966536, Red+Brown+Orange: mobile outdoor, population 1114595
The coverage area prediction of fixed reception is presented in figure 5. The yellow area corresponds to the coverage area of fixed reception. It can be noticed that the network covers the whole target area in this scenario. 
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Figure 5. Coverage area prediction, 64QAM, 9 transmitter sites. Yellow: fixed reception

5.1.5 Summary

The previous network planning exercise shows that by selecting an appropriate parameter set the DVB-T2 network operator is able to establish different service scenarios in one network. The example also shows that the network operator can increase the system throughput straightforwardly by adding new sites. The analysis of different scenarios based on the population coverage is shown in table 4.
Table 4. Population coverage analysis for different scenarios
	Scenario
	Modulation
	Number of sites
	Population

	Mobile car indoor reception
	16QAM   6 sites
	6
	999010

	 
	64QAM   6 sites
	6
	882667

	 
	64QAM   9 sites
	9
	956721

	Mobile car outdoor reception
	16QAM   6 sites
	6
	1142326

	 
	64QAM   6 sites
	6
	1112548

	 
	64QAM   9 sites
	9
	1114595

	Portable indoor reception
	64QAM   9 sites
	9
	966536


5.2 DVB-T2 network for HDTV and mobile TV services
In this planning exercise a DVB-T2 network is designed to provide both HDTV and mobile TV services within one network.

5.2.1 Selection of network parameters

The selection of parameters for DVB-T2 mixed services network is based on the guidelines given in chapter 2. The mixed services could be provided by using the schema of MPLPs or the multiplexed DVB-T2 and T2-Lite using FEF parts, but here only the last schema is presented. Using MPLPs a compromise should be done between fixed and mobile reception parameters while the schema of using FEFs enables a more flexible parameter selection.
The required system throughput depends on the number of services and the required bit rate of one service. A network operator can choose the strategy of capacity allocation. The required bit rate of one HD service is about 8Mbit/s whereas about 1Mbit/s is required for one service adapted to mobile reception. One mobile service could be comparable with one SD TV service. Hence the maximum number of carried services could be for example around 4 HDTV services and 4-6 mobile TV services. 
The network structure is based on the high tower masts. Those provide a good basic coverage, but besides some additional sites are needed in urban areas to improve the service quality fro mobile reception. The network structure will be dense SFN. FFT size of 32k and GI 1/32 is selected for fixed reception to maximize the throughput, but for mobile services the size must be lower, hence 8k is chosen with GI 1/8. The used bandwidth in this example is 8MHz. Modulation parameters are 256QAM for fixed reception services and 64QAM for mobile services. The code rate of 4/5 is used for fixed reception and ¾ for mobile reception. Rotated constellation is used for mobile but not for fixed reception. Pilot pattern 4 is selected for fixed services and PP2 for mobile. SISO scheme is adopted in this study. With LDPC block length 64800 bits the resulted system throughput is about 45,8Mbit/s for fixed and with 16200 bits about 26,7Mbit/s for mobile services. The fixed reception parameters are based on the parameter set adopted in Finland. There are many possible allocation strategies for system throughput. If 4/5 of capacity is allocated to fixed and 1/5 to mobile, the net value of system throughput would be around 36,6Mbit/s for fixed and 5,3Mbit/s for mobile services. The parameters are presented in table 4. The height loss is a coverage area planning tool’s built-in  parameter and hence not presented here.
Table 4. Selected network configuration parameters for DVB-T2 mixed services network using MPLP technique
	Network parameters
	Fixed
	Mobile

	LDPC block length
	64800 bits
	16200 bits

	Bandwidth
	8 MHz
	8 MHz

	FFT size
	32k ext.
	8k ext.

	GI
	1/32
	1/8

	Modulation
	256QAM
	64QAM

	Code rate
	4/5
	3/4

	PP
	PP4
	PP2

	SISO/MISO
	SISO
	SISO


5.2.2 Link budget

The link budgets for fixed reception and mobile reception classes C and D are presented in table 5. The link budget values of required C/N are applied values based on the DVB-T2 measurement results and NorDig specification. [2][4] Other values are adopted from the DVB-H and DVB-T Implementation Guidelines. [3][5] The height loss is not presented as it is a built-in coverage area planning tool parameter.
Table 5. Link budget for fixed and mobile services
	Parameter
	Unit
	256QAM 4/5 Fixed reception
	64QAM 3/4 Mobile handheld, car indoor
	64QAM 3/4 Mobile outdoor car roof top ant.

	 
	 
	 
	 
	 

	Frequency
	MHz
	610,0
	610,0
	610,0

	Noise floor
	dBm
	-105,1
	-105,1
	-105,1

	Rx Noise Figure
	dBm
	6,0
	6,0
	6,0

	C/N
	dB
	28,0
	25,0
	25,0

	Min Rx input power
	dBm
	-71,1
	-74,1
	-74,1

	Rx antenna gain (+feeder loss)
	dB 
	7,0
	-12,0
	-2,0

	Antenna aperture
	dBm2
	-8,0
	-27,0
	-17,0

	Minimum Field Strength
	dBuV/m
	52,7
	68,7
	58,7

	Car penetration loss
	dB
	0,0
	7,0
	0,0

	Car penetration std
	dB
	-
	6,0
	6,0

	Location variation std outdoor
	dB 
	5,5
	3,0
	3,0

	Location variation 70% prob.
	dB
	2,9
	-
	-

	Location variation 90% prob.
	dB
	-
	8,6
	8,6

	Location variation 95% prob.
	dB
	9,0
	-
	-

	Location variation 99% prob.
	dB
	-
	15,6
	15,6

	 
	 
	 
	 
	 

	Emin 70/90% prob. at 10/1,5m
	dBuV/m
	55,6
	84,3
	67,3

	Emin 95/99% prob. at 10/1,5m
	dBuV/m
	61,7
	91,3
	74,3


5.2.3 Simulation results
A commercial network planning software was used to predict the coverage area. The propagation model is based on diffraction calculation that is used together with 25m and 100m digital elevation models. Reception antenna height is 10m for fixed reception and 1,5m for mobile reception. Figure 6 presents the coverage area prediction for 64QAM with both reception classes C and D. The used grid resolution is 100m.
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Figure 6. Coverage area prediction, 64QAM, 9 transmitter sites. Red: mobile car indoor, Red+Orange: mobile outdoor

Then a coverage area prediction is calculated for fixed reception. First in figure 7 a simulation result of 9 transmitter stations is presented. Then an additional prediction is calculated with only one active transmitter station, Tx1 with ERP 10kW. The calculated population coverage in this particular example is 1 160 174 for the network structure of 9 transmitter sites and 1 157 493 for the network structure of a single transmitter station. The difference in covered population is small compared to the amount of assigned transmitter stations in each network.
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Figure 7. Coverage area prediction, 256QAM, 9 transmitter site. Yellow: fixed reception 
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Figure 8. Coverage area prediction, 256QAM, 1 transmitter site. Yellow: fixed reception 
5.2.4 Summary

In this exercise a draft of mixed service DVB-T2 network was created. The network parameters were selected separately for fixed and mobile reception which gave a more optimized result in system throughput compared to the first exercise. The coverage area prediction of fixed services was calculated with two different network structures to show that compared to mobile services which require a rather dense network structure the fixed services can be provided with a single station.
5.3 Conclusions

This chapter gave an exhaustive description of the DVB-T2 network planning process. Two planning exercises were executed in order to present two possible strategies that can be used to provide DVB-T2 services: pure mobile TV network or mixed services network. A traditional pure fixed reception scenario was not treated as it is included in the scenario of mixed services. Network configuration parameters were defined and the link budgets were created based on the selected parameter combinations. In this example the network parameters for mobile TV services were 8k ext GI 1/8 PP2 16QAM and 64QAM ¾. The resulted bit rate was 17,7Mbit/s for 16QAM and 26,7Mbit/s for 64QAM. The study shows that the selected parameter combinations and network structure fully support fixed reception. The selected parameters for mixed services were 32k ext GI 1/32 PP4 256QAM 4/5 for fixed reception and 8k ext GI 1/8 PP2 64QAM ¾ for mobile. When allocating the capacity as 4/5 for fixed and 1/5 for mobile, the corresponding bit rates would be 36,6Mbit/s and 5,3Mbit. The total throughput is better compared to the pure mobile scenario, but due to the selected parameters it is not possible to receive all services independently from the reception type.
When this report was written only few DVB-T2 SFN and mobility test results were available. More tests are required in the near future to confirm the DVB-T2 system performance, i.e. required C/N, in various conditions and with relevant parameter combinations. 
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6 DVB-T2 modes for France (TDF)
6.1 Introduction
The physical layer of DVB-T2 is characterized by many parameters, which allow to consider different scenarios in terms of usage and network architecture. The following analysis is based on the introduction of DVB-T2 in France according to three scenarios :

· Fixed reception : no breaking with the fundamentals underlying the current DVB-T networks. The objective is to get comparable coverage without any change on the network side, i.e. keeping same ERP values for the transmitters. The result of this choice is an extra capacity on the net bit rate for audio and video contents.
· Mobile reception : a dedicated network for reaching mobile or nomadic users. Requirements related to usage cases, type of terminals, targeted capacity and expected quality of coverage, will drive the network topology (number of transmitters, ERP to plan).
· Hybrid broadcast : multiple PLP (mode B) are carried with different levels of robustness on the RF bearer. Network topology is optimized for fixed reception, and other services with a higher robustness are offered on a "best-effort" basis (depending on use case and terminal type).
For each case the choice of a DVB-T2 profile is related by a C/N requirement. According to the link budget (one per use case and type of terminal), it can be translated as a field strength level which is an input for the network design (see 5.5.5)
Please note that at this stage, there are no plans for hybrid broadcasting. The analysis has just an informative status. 

6.2 Study of fixed reception case 
The technical assumptions for fixed reception case are the following :

· Use of UHF band, 8 MHz channelisation

· Rooftop antenna at an height of 10 meters

· Large SFN cell size (at least 33 km or more), no MISO mode consideration

· DVB-T2 mode A (transport stream in a single PLP), meaning common modulation (constellation) and robustness (FEC rate) for all services.  

· Search for an optimal profile, combining high spectral efficiency and moderate C/N requirement (DVB-T aligned)

· C/N data derived from two sources : ETSI ETR 102 831 DVB-T2 Implementation Guidelines, and NorDig Unified Requirements for Integrated Receivers Decoders (version 2.2.1)

Considering the different parameters defining a DVB-T2 profile, it is possible to preconfigure part of them, depending on what are the assumptions. Chart below highlights how to preconfigure the parameters. Full configuration is achieved through complementary parameters in red font, in order to satisfy the needs (capacity, robustness, SFN cell size, etc.)
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All preselected profiles are put in the table below. By checking performances for respective Eb/No and spectral efficiency, two profiles can be immediatly eliminated. Remaining profiles are respectively A, B1, B2, C1, C2, D1, D2.
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A ranking of the remaining profiles will help for a right choice. It is simply acheived by considering Eb/No and spectral efficiency performances for each profile, see below :
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Best balance is got for profiles "A", "B1", "B2". All related C/N values are also close to existing DVB-T frequency planning requirement. Other extreme configurations such as "Cn" or "Dn" highlight non relevant result on spectral efficiency (low capacity) or Eb/No (too demanding). The only difference between "x1" and "x2" is the guard interval value which allows a higher (or lower) SFN cell size. As "A" profile seems not to be implemented in the chipset, and there is a need for a higher cell size (compared to existing DVB-T), the "B2" profile appears as to be the most suited for french case.

Radar charts provide a complementary representation of the performance of selected profiles on the following criteria: Robustness, Capacity, SFN (cell size), Implementation (chipset). See results below for a few of them.

[image: image25.png]DVB-T France

Capacity

Robustness SFN

Implernentation



 [image: image26.png]DVB-T2 - Profile B2

Capacity

1

Robustness SFN

Implernentation





Existing DVB-T (reference)


   Good balance

[image: image27.png]DVB-T2 - Profile C2

Capacity

Robustness SFN

Implernentation



 [image: image28.png]DVB-T2 - Profile D2

Capacity

1,

Robustness SFN

Implernentation





      Lower Capacity

              Lower Robustness

6.3 Study of mobile reception case 
Technical assumptions which are shared with the fixed reception case are :

· Use of UHF band, 8 MHz channelisation

· Large SFN cell size (at least 33 km or more)

Specific assumptions for the mobile reception case are : 

· Handheld device or car-rooftop reception (see 5.5.5)

· Use in outdoor places, nomadic or mobile reception at an height of 1,5 meter

· Indoor reception offered on a "best effort" basis

· Common modulation (constellation) and robustness (FEC rate) for all services. DVB-T2 mode B, meaning that services are mapped on several physical layer pipes (multi PLP). Elementary data rate on each PLP does not exceed 4 Mbit/s according to recommandations for DVB-T2 Lite.    

· Search for an optimal profile, combining high spectral efficiency and moderate C/N requirement. However a C/N value beyond 13 dB is not recommanded, because the impact is too strong on the network design (see 5.5.5). Due to types of terminal and use case requirements, the network becomes very dense / expensive beyond this treshold value (DAB and DVB-H network experiences).

· C/N data are derived from test reports, as values for TU6 channel propagation are not still available through ETSI or NorDig documents.

· MISO broadcast mode is not considered because benefits are still unclear at this stage. However mobile reception would be more comfortable thanks to the diversity paths provided by MISO configuration. Whatever is the choice, there is no impact on net bit rate calculation.

Taking into account all these assumptions, the relevant profiles are summarized in the table below.
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According to the needs on the net bit rate, the profile can be choosen between M1, M2, M3 and M7. The B2 profile is put in the table as a reminder. Keep in mind that B2 is not suited for reaching mobile or nomadic users on a comfortable basis. However his profile will be considered in the case of hybrid broadcast to provide the fixed reception path.
6.4 Study of hybrid broadcast case 
DVB-T2 is set for mode B, allowing different levels of robustness for at least two or more PLP. Guard Interval and FFT size are independent thanks to DVB-T2 Lite specifications. It means that we can aggregate the B2 profile with any Mx profile on the same bearer. 

Allocation of capacity between B2 and Mx depends on rhythm of DVB-T2 frames. Here fixed services and mobile services are both FEFs of each other. To keep calculations simple we are going to consider the case where there is an alternate broadcast between each type of DVB-T2 frame:
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An other assumption is that there is one PLP per Time Interleaving Block, and this last one is mapped on one DVB-T2 frame. 

The complete calculations are shown for B2-M1 case and are repeated for B2-M2, B2-M3 and B2-M7 configurations.
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The above table highlights results for each selected configuration. In any cases we note that the mobile component does not exceed 4 Mbit/s, as recommended by DVB-T2 Lite specifications.
6.4.1 Network design and resulting coverage

Regardless of DVB-T2 technology, it is possible to calculate a weighting factor (K) for each use case and type of terminal.  The required RF field strength level (FSL) is linked to (C/N) by the relation :

FSL (dBµV/m) = (C/N) (dB) + K
The K factor is derived from the link budget. Data are coming from BMCO document "Mobile Broadcast Technologies – Link Budgets". Two examples are detailed below :
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The results for most of scenarios are summarized in the table below. 
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· The K factor can reach 71 dB. This value is related to the most demanding use case (indoor reception) and unfavorable features of the terminal (integrated antenna and connected device). However considering the targeted scenarios (see 5.5.3), we get two close values for K factor. A value of 47 dB will be kept as a common trunk for the analysis.
· There is a difference on the antenna height between fixed and other reception use cases. That's why it is necessary to translate all FSL values at a same height reference (10 m), in order to facilitate the calculations of relative coverages. For a rough analysis, we assume commonly a ΔFSL value of 11 dB between these two heights of reception.
By taking into account each profile and its C/N performance, we can determine respective FSL requirements. 
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If the network is solely intended for mobile use, its design will be acheived in order to get the required FSL value (see above) on the wanted area..

For hybrid broadcast, the bearer carries services with two level of robustness : one for fixed reception and the other for mobile reception. In this situation the network design is studied for reaching correctly rooftop antennas. Consequently the mobile component is received on a best effort basis. 
For the hybrid broadcast case, we can have an idea of the relative coverage, by doing rough computations based on the use of UIT-R 1546 propagation model. Two types of sites have been considered :

· Tall tower or mast (300 m) and high ERP (50 kW)

· Small tower or mast (50 m) and low ERP (100 W)

For each FSL value and respective Mx profile, we get a range on the relative coverage. 100% is the reference value linked to the area covered for reception of fixed services (B2 profile). No DTM or DEM are used here, but results highlight the fact that the covered area for mobile services remains small compared to the reference coverage.
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As a conclusion for the case of the hybrid broadcast scenario, there are several limitations or disadvantages :

· Initial network design is driven by fixed reception, meaning that increasing the number of sites for reaching mobile users is economically questionable.
· Bit rate capacity for mobile services remains modest, e.g. 1.03 Mbit/s @ FSL = 63 dBµV/m. An increase of this capacity is always achieved at the expense of bit rate capacity for fixed services (T2 frames rate) or a lower coverage for mobile services, e.g. 2.08 Mbit/s @ FSL = 68 dBµV/m

· Covered area for the mobile services is done on a "best effort" basis. Results depend on the configuration of the broadcast site (mast height, ERP value, vertical and horizontal antenna radiation patterns) and the reception environment (urban, rural, etc.)

· Some historical transmitters are too far from the city for providing significant coverage for mobile services.

· In most cases UHF transmitters use horizontal polarization at antenna level. It means that there is a penality for car-rooftop reception, specially in rural areas.

· QoS user is closely linked to the type of terminal. Main parameters are the antenna form-factor and the other existing radio parts (e.g. 3G module). The link budget is degradated, meaning a lower mobile coverage compared to other devices.
M1 part of the bearer





B2 part of the bearer
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