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Abstract

This document describes the field trials carried out in TF12 for testing some of the T2 advanced features supported by the prototypes developed in TF10 that had been previously tested in the laboratory measurements of the TF11. These field trials were carried out in Barcelona (Spain) in November 2011 with the main objective of testing the correct transmission and reception of DVB-T2 with multiple PLPs in real urban and dense urban environments in mobility (with both mobile and pedestrian speeds).
A key aspect of these trials is the capability to measure different configurations of DVB-T2 at the same time and with the same reception conditions. This is possible thanks to the new feature included in the standard and called multiple PLP [1], [2]. These Physical Layer Pipes allow the allocation of several services with different robustness in the same multiplex. In this case, DVB-T2 signals with 3 PLPs were measured and the results show the performance of each PLP in the complex urban and dense urban scenarios in mobility.
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Introduction

The field trials from TF12 were dedicated to test some of the advanced features of the DVB-T2 system on the prototypes developed in TF10 that were previously tested in the laboratory measurements in TF11. The main goals were to test the use of multiple PLPs, the correct reception in mobility and the measurement of the SFN or MISO performance. The field trials took place in Barcelona (Spain) in November 2011. 
Several companies contributed to these field trials: Abertis Telecom, ENENSYS, iTeam-UPVLC, La Salle University, MIER Comunicaciones, SONY, Teamcast, Thomson-Broadcast and the University of the Basque Country (UPV/EHU). The equipment provided by each partner is shown on Table 1.
Table 1: Equipment provided by the different participant partners

	Partner
	Provided Equipment

	Abertis Telecom
	Network

	ENENSYS
	Modulator, Demodulator and Gateway

	iTeam-UPVLC
	Demodulator

	La Salle University
	Gateway

	Mier Comunicaciones
	Transmitter

	SONY
	Demodulator

	TeamCast
	Modulator and Demodulator

	Thomson Broadcast
	Modulator

	UPV/EHU
	Reception System


The work presented in this document focuses on the complex urban and dense urban environments measuring DVB-T2 signals with multiple PLPs in mobile and pedestrian reception. For the T2 configuration mode selection and for the measurement procedure it has been taken into account that signal reception is affected by a severe multipath, which changes along time due to the receiver travelling around the buildings. It is also important to point out other factors typical of urban reception environment such as traffic density, speed changes due to traffic lights or pedestrian crossings, and the building density in the reception area which should be considered in the data processing phase.
1 Field Trials

1.1 Network Configuration

Figure 1 shows the network configuration. Two transmitters were supposed to be used in order to set up a SFN. 

The main transmitter centre was located on a mountain in Collserola, 448 meters higher than the average altitude of the covered urban area of Barcelona and 6 km away from the city centre where the main digital terrestrial TV commercial channels are broadcasted to the city. This transmitter was from Mier Comunicaciones and its radiating system consisted on two array panels with a transmitted power of 350 W and an antenna gain of 16 dBi.
The secondary transmitter was located on the Abertis Building C roof in the industrial area of “La Zona Franca”. This is 5 km away from the city centre with an altitude of no more than 25m above the sea level. This transmitter was a gapfiller from Egatel with a power of 1W so that it was such a low power level that the coverage are of this secondary transmitter was very limited. For this reason, no SFN or MISO studies could finally be carried out. Only the main transmitter was finally used for the multiple PLP study with mobile and pedestrian reception in the urban and dense urban scenarios of Barcelona.
During these field trials two different gateways were used. One from La Salle University from Spain and another one from ENENSYS:

Selected and configured polarization was vertical to benefit the better radiation pattern of the receiver monopole antenna, which presents almost omnidirectional pattern for vertical polarization. The frequency was 482 MHz (channel 22).

[image: image1.png]



Figure 1: Network scheme for the field trials in Barcelona

1.2 Multiple PLP DVB-T2 Modes definition
One of the main new features included in the DVB-T2 standard is the introduction of the PLPs, where physical layer data is divided into logical entities. One PLP is applicable to one service or to multiple services multiplexed that share the same configuration parameters (code rate, constellation mapping and time interleaving). The DVB-T2 transmitted signal can combine multiple PLP with different grade of robustness, which is related to the configuration parameters selected for each PLP [1], [2].
Apart from testing the correct transmission and reception of DVB-T2 signals with multiple PLP using the prototypes from Table 1, the use of multiple PLPs is associated to the advantage of measuring several signals with different parameters of robustness at the same time and under the same conditions of reception.

Considering that the parameters that may vary from one PLP to another are basically the code rate, the modulation scheme and the time interleaving, three DVB-T2 configuration modes containing three PLPs have been defined. The three PLPs share the rest of parameters for the OFDM frame structure, ie, FFT size, pilot pattern, guard interval or the L1 modulation. Table 2 includes the three configurations defined for this study with the OFDM parameters common to the 3 PLPs and those that correspond to each PLP.
Table 2: DVB-T2 Multiple PLP Configuration parameters
	Mode 1

	Common Parameters
	FFT=4K; Pilot Pattern= PP1; GI= 1/4
FEC length=16200; CR=1/2; Rotated Constellation

	PLP0
	16 QAM; Time Interleaving 33ms; NTI =1; 3.1Mbps

	PLP1
	16 QAM; Time Interleaving 16ms; NTI =2; 3.1Mbps

	PLP2
	QPSK; Time Interleaving 16ms; NTI =2; 1.5Mbps

	Mode 2

	Common Parameters
	FFT=8K; Pilot Pattern= PP2; GI= 1/8

FEC length=16200; CR=1/2; Rotated Constellation

	PLP0
	16 QAM; Time Interleaving 33ms; NTI =1; 3.6Mbps

	PLP1
	16 QAM; Time Interleaving 16ms; NTI =2; 3.6Mbps

	PLP2
	QPSK; Time Interleaving 16ms; NTI =2; 1.7Mbps

	Mode 3

	Common Parameters
	FFT=16K; Pilot Pattern= PP3; GI= 1/16
FEC length=16200; CR=1/2; Rotated Constellation

	PLP0
	16 QAM; Time Interleaving 33ms; NTI =1; 3.8Mbps

	PLP1
	16 QAM; Time Interleaving 16ms; NTI =2; 3.8Mbps

	PLP2
	64 QAM; Time Interleaving 16ms; NTI =2; 5.6Mbps


The 4K mode was selected as the option for improving network planning flexibility by trading off mobility and SFN size. It could be used both for single-transmitter operation and for small and medium SFNs, providing a very good doppler tolerance for very high speed reception. The 8K mode was selected as it could be used both for single-transmitter operation, multifrequency networks (MFNs), and for small, medium, and large SFNs. It provides a good doppler tolerance allowing high-speed reception. The 16K mode is initially oriented to fixed and portable reception, but it has also shown good performance also for mobile reception.
Considering that the experimental network had finally a single transmitter for the trials and therefore there was no SFN, the guard interval had been the same in the 3 modes to isolate its influence relative to the rest of the parameters, being this value the highest allowed value for a 4K FFT (112μs).
1.3 Measurement System

The measurement system is based on a on-line IQ signal recording for posterior off-line laboratory processing [3], which provides greater flexibility.

The reception system used has a 2 dBi gain monopole antenna. This antenna is on the roof of the mobile unit, which is a self-powered van. Inside the mobile unit the following equipment was used:

· A DVB-T2 compatible TV from SONY used to verify that the signal that was being received was correct.
· A professional demodulator from ENENSYS (belonging to the UPV/EHU) to carry out on-line measurements.

· A Signal analyzer used for baseband IQ samples recording and a hard drives with high speed eSATA connection where to store the IQ files.
· A Channel filter, set to channel 22, to prevent other emissions interfere with desired signal measurement.
· A GPS and a tachometer to record information about receiver position and velocity in each signal capture.
· A Computer and a control software measurement system which remotely configures each measure, records the RF signal (IQ files) and associates this information with the information provided by the GPS and the tachometer.
Figure 2 shows the complete measurement system mounted on the mobile unit used for the field trials.
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Figure 2: Measurement system diagram for the field trials.
The modulator was controlled via web interface which allows remote control of the equipment and remote and fast configuration of all the parameters associated with the transmitted DVB-T2 signal.
1.4 Reception environment description and measured routes
This section describes the environment and the routes where the measurements have been gathered. The measured routes pass through different areas of the city with narrow roads combined with multiple lane wide avenues making it convenient to classify the reception scenarios as “Urban” and “Dense Urban” environments, based on the building density and the wide of the streets.

The buildings of the city centre are generally high-rise residential and commercial blocks. For those cases with buildings over than 6 floors or with narrow roads (2 or 3 lanes) the building density is also high and it is considered “Dense Urban” reception scenario. On the other hand, in the areas of multiple wide avenues the building density is lower and it can be considered as “Urban” environment. Figure 3 shows two examples of described classification.
[image: image3.emf] [image: image4.emf]
Figure 3: Urban (left) and Dense Urban (right) reception environments
Figure 4 shows the measured routes around the city of Barcelona where multiple PLP with mobile and pedestrian urban and dense urban reception was tested. All the routes add up to more than 150 km long and crosses both urban and dense urban environments in a time lapse of more than 600 minutes. This supposed more than 3.6 TB of information saved.
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Figure 4: Measured routes in Barcelona

2 Measurements
2.1 On-line Measurements
The measurements were divided into two phases. The first one consisted on on-line measurements that were carried out during the field trials. With these measurements some preliminary results of coverage areas were obtained. 

The SONY TV, which was previously tested on the laboratory measurements in the TF11, was used to choose the more suitable routes in which the DVB-T2 signal was correctly received. Thanks to it, it was known that the DVB-T2 signal saved for posterior off-line analysis was correctly received.

Figure 5 shows the screen of the SONY TV used on the on-line measurements.

[image: image15.png]
Figure 5: TV used on the on-line measurements
2.2 Off-line Measurements
Once the DVB-T2 signals were saved during the measurement campaign, a posterior off-line analysis has been done.
The main objective of the off-line analysis is to measure the amount of seconds with good reception and with errors for both mobile and pedestrian reception, so as to obtain the time percentage with no errors.

2.2.1 Reception Threshold Criteria

The DVB-T2 standard sets the threshold criterion for DVB-T2 signal reception in getting to the Quasi Error Free (QEF) point. This point is reached when BER≤10-7 after LDPC (Low Densitiy Parity Check). However, in mobile scenarios this criterion cannot be used for instantaneous measurement because of the high variation in mobile channels. 
The behaviour of the LDPC codes has a very sharp fall in the relation between the error rate and the SNR. For this reason, the change from correct reception to signal loss happens in a few tenths of decibel of the value of SNR. Because of the sharp behaviour of the protection codes used, the loss of visual signal in the image is directly related to the presence of BER=10-7. Consequently, another criterion for the reception threshold comparable to having a BER=10-7 is the SNR threshold situation in which no visual errors happen in the image during 1 second. This is the reception criterion used for obtaining the performance when commercial receivers (TV and Set Top Box (STB)) are used.

Another criterion is based on the Frame Error Rate (FER), which is the ratio of erroneous DVB-T2 baseband frames received after FEC (LDPC+BCH), during an observation period. FER has shown to be an extremely good indicator for received services in mobile conditions [4]. For this reason, another criterion for the reception threshold is to have a FER = 0 during 1 second. This is the reception criterion used for obtaining the performance when professional demodulators are used.

2.2.2 Methodology

Once all the information has been stored on hard disks, these data is processed off-line in the laboratory in order to obtain the performance results. The recorded IQ samples can be played back as many times as desired, obtaining in each case one RF signal identical to the real signal that was recorded in the field.
Processing stage is shown on Figure 67. It involves replaying IQ samples files saved during the measurement campaign using an IQ player and then analyzing the results provided by two different T2 receivers in combination with data from the GPS and tachometer.
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Figure 6: Measurement methodology

One of the receivers is a commercial STB (HUMAX) connected to a monitor. The threshold reception criterion in this case is the visualization of the image with no errors during 1 second. This would result into many manual measurements in which a person should be watching TV and detecting when errors happen in the image on the screen as this equipment cannot be controlled remotely. However, the DVB-T2 demodulator chip in the STBs has a pin whose internal electrical signal activates every time there is a loss of image. The location of this pin allows its connection to an A/D converter which can be controlled remotely. Thus, the loss of image and therefore the reception threshold criterion (associated to a BER = 10-7), can be monitored automatically without the need for a person to be watching the screen for hours.

The other receiver is a professional demodulator (ENENSYS Referee T2). In this case, the threshold reception criterion involves obtaining measurements of FER=0 during 1 second. This is an automatic methodology, as the professional receiver used generates a log file with FER values every second.

2.2.2.1 Data Preprocessing

The first stage consisted on preparing the data files recorded during the campaign. The signal analyzer used for baseband IQ samples recording saves data at 20MSps while the IQ player can only replay files at up to 10MSps. For this reason, it was necessary to decimate the saved files by 2, in order to obtain files that could be replayed by the IQ player and subsequently analyzed.
The noise figure becomes 3 dB worse due to the decimation of pre-recorded IQ files.

2.2.2.2 Data Processing

Figure 7 shows the off-line processing system diagram for the commercial STB receiver. The decimated IQ files are replayed as many times as needed and the pin from the chip of the HUMAX STB, that activates when there are any errors in the demodulated image, is monitored at the same time. 
The pin is monitored for periods of 100ms so that when the analysis of a decimated IQ file finishes a STB Quality file with “ones” and “zeros” is obtained. A zero indicates that some errors have been detected during the period of analysis (100ms), in other words, the pin has been activated. A one indicates that the demodulation has correctly been done and no activations of the pin have happened. 
As the reception threshold criterion for the commercial STB is based on obtaining a correct image on the screen in periods of 1 second, ten consecutive measurements from the pin have been analyzed together.
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Figure 7: Off-line processing system diagram for the commercial STB receiver.
The analysis with the STB were done only for 258 saved IQ files as the HUMAX STB was not capable of demodulating the signals recorded when the gateway from ENENSYS was used on the measurement campaign. Those files (and consequently routes) were finally only analyzed with the professional demodulator.
Figure 8 shows the off-line processing system diagram for the professional receiver. The decimated IQ files are replayed as many times as needed as well. The professional demodulator analyses the received signal at the same time generating a log file with many information. Between all the data obtained, the FER value is obtained every second. When the FER = 0, no errors have happened during the time of analysis (1 second). However, when the FER≠0, some errors have happened and that second is considered erroneous in the time percentage study.
The analysis with the professional demodulator was done for all the 366 IQ files saved.
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Figure 8: Off-line processing system diagram for the professional receiver.
The results obtained are very conservative as the methodology followed adds a system noise that is similar to the receivers’ internal noise (or even higher) as it can be seen on Figure 9. For this reason, the system noise has an important influence on the results obtained by the methodology described and they would be better in on-line receptions, as there would be no additional noise source.
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Figure 9: Noise sources influence on the measurement methodology

2.2.2.3 Data Postprocessing

Once quality files (both from the analysis with the STB and with the professional demodulator) are obtained, the quality information is extracted and it is processed in combination with the data from the GPS (latitude and longitude coordinates). 

By this way, a KML file to be shown on Google Earth is generated. Figure 10 shows an example of a KML file obtained. It shows graphic results about the correct (green points) or incorrect (red points) reception. The results are updated every 2 seconds, as this is the updating time for the location with the GPS.

One KML file per route, per PLP and per receiver used for the performance analysis is obtained.

[image: image10.emf] [image: image11.emf] [image: image12.emf]
Figure 10: Example of a KML file for mode 2 PLP 0(left), PLP1(middle) and PLP2 (right)
There were some location problems because of an incorrect GPS position signal, especially in dense urban scenarios, as some streets were too narrow and the received signal was too low. Figure 11 shows some examples of location problems, were the position points are over a house, not over a street. The incorrect location points were finally ignored and have not been taken into account in the measurement of the time percentage of correct reception.
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Figure 11: Example of location problems

3 Results
This document provides results about the mobile and pedestrian urban reception of DVB-T2 signals with multiple PLPs based on the first field trials of this type. Apart from the novelty of testing real signals with multiple PLPs, it is noteworthy that the measurements were made in urban mobile reception scenario, providing new results for this kind of such complex reception. 

The results are based on the percentage of video without errors of the measured signal for each of the modes and their 3 PLPs under study along the tested routes. Table 3 summarizes, for the analyzed routes using the modes described in Table 2, the performance results in terms of percentage of seconds without errors, considering erroneous seconds those in which the pin from the chip of the STB is activated at least once or those with FER≠0 in the case of using the professional demodulator. 

It is important to underline that neither of the receivers is optimized for mobility, although the professional demodulator is slightly better than the commercial STB. 

Table 3: Correct reception percentages for DVB-T2 mobile and pedestrian reception

	
	Commercial STB
	Professional Demodulator

	
	Mobile
	Pedestrian
	Mobile
	Pedestrian

	
	Urban
	Dense Urban
	
	Urban
	Dense Urban
	

	Mode 1

GI=1/4,

PP1

CR=1/2
	PLP0:16QAM_33ms
	3.1Mbps
	82,2% 
	60,7% 
	98,8% 
	92,3% 
	61,7% 
	99,6% 

	
	PLP1:16QAM_16ms
	3.1Mbps
	77,7% 
	50,1% 
	99,8% 
	87,6% 
	61% 
	99,4% 

	
	PLP2:QPSK_16ms
	1.5Mbps
	84,3% 
	71,4% 
	100% 
	95,3% 
	73,7% 
	100% 

	Mode 2

GI=1/8

PP2

CR=1/2
	PLP0:16QAM_33ms
	3.6Mbps
	84,4% 
	51,2% 
	95,8% 
	94,1% 
	58,4% 
	98,2% 

	
	PLP1:16QAM_16ms
	3.6Mbps
	88,5% 
	42,6% 
	96% 
	93,1% 
	60% 
	95,7% 

	
	PLP2:QPSK_16ms
	1.7Mbps
	87,1% 
	74,7% 
	95,5% 
	98,9% 
	75% 
	96,6% 

	Mode 3

GI=1/16

PP3

CR=1/2
	PLP0:16QAM_33ms
	3.8Mbps
	78,2% 
	50,1% 
	97,1% 
	91,7% 
	62,7% 
	99,4% 

	
	PLP1:16QAM_16ms
	3.8Mbps
	83,7% 
	46,5% 
	96,2% 
	89,7% 
	60,9% 
	99,3% 

	
	PLP2:64QAM_16ms
	5.6Mbps
	54,4% 
	36,1% 
	97,1% 
	70,9% 
	38% 
	98,8% 


In pedestrian reception the results are much better than in mobile, obtaining correct reception time percentages always higher than 95% and in many cases near 99%. The best results are obtained with Mode 1 and Mode 3 for both receivers, especially with the PLP3 in Mode 1. In this case the time coverage percentage is 100%. However, in this case the data-rate is so low that it does not compensate the high robustness of the mode. For this reason, in exchange for losing a bit in robustness (from 100% to 99.4% or 99.3% when using the professional demodulator and from 100% to 97.1% or 96.2% with the commercial STB), the PLP0 or PLP1 of Mode 3 increase the data-rate from 1.5 Mbps to 3.8Mbps.
Considering the mobile reception in urban environments, the best results are obtained for Mode 2. When using the commercial STB, the best results are for PLP1 (88.5 %) and PLP2 (87.1 %) while when the professional demodulator is used, the best results are clearly for PLP2 (98.9%). For the STB, the best results in time coverage match up with the best relation between robustness and data-rate (with Mode 2 and PLP1 88.5 % of coverage is obtained with a data-rate of 3.6Mbps). However, for the professional demodulator, the data-rate can be improved from 1.7 Mbps of the configuration mode with which the best results in time coverage are obtained (98.9 %) to 3.6 Mbps obtained when Mode 2 and PLP0 or PLP1 are used by reducing the time coverage in less than 6%.
In the case of dense urban environments the results are significantly worse for all tested modes. However, the tendency is the same than in urban environments. The best results are obtained for Mode 2 with PLP2 (74.7% with the STB and 75% when the professional demodulator is used). However, in this case, an increment in the data-rate (or in the modulation) supposes a considerable decrement on the time coverage percentage (from around 75% to 60% in the best case).
4 Conclusions
Field trials have been carried out in TF12 testing in real scenarios the prototypes developed in TF10 and previously tested in TF11 in the laboratory. During the trials, the prototypes gathered on Table 1 were firstly tested in on-line measurements. At the same time, the DVB-T2 signal was saved for posterior off-line analysis.

These trials have demonstrated that mobile reception of DVBT2 signal with multiple PLPs is feasible and also that the procedure based on the transmission of various PLP in the same RF channel turns out to be an efficient methodology to test the performance of the new DTT standard in situations of non-stationary reception in urban environments. It has also been demonstrated the suitability of this feature to analyze and compare more quickly and with identical reception conditions different robustness parameters included in each PLP of the defined configuration modes.

The off-line measurements show that the modulation scheme seems to be one of most critical parameter and the robustness of the QPSK modulation (PLP2) gives the best results in comparison with the 16 QAM and 64 QAM options, even if the interleaving depth is longer for 16 QAM as in the case of PLP0. For urban reception the results are slightly better for PLP2 and the difference in the improvement of QPSK is bigger when the reception conditions turns more difficult due to the multipath caused by the building and traffic density. In the other hand, such robustness supposes a lower data rate.

It is important to point out that the coverage results have been calculated using receivers that are not optimized for mobility. Moreover, the results obtained are very conservative as the off-line methodology used adds a system noise that is similar to the receivers’ internal noise (or even higher) so that the system noise has an important influence on the results obtained by the methodology described. The coverage results would be better in on-line receptions, as there would be no additional noise source.
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