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Executive summary

This document describes the field trials carried out in TF12 for testing some of the “NGH-Phase1” (T2-Lite) new features supported by the prototypes developed in TF10 that were previously tested in the laboratory measurements of the TF11. 
These field trials were carried out in Barcelona (Spain) in September and October 2012 with the main objective of testing the correct transmission and reception of T2-Lite signals in real urban and dense urban environments in mobility (with both mobile and pedestrian speeds).

In more detail, the topics considered are:

· Chapter 1: Introduction 
In Chapter 1, a brief introduction to the field trials has been done, including the prototypes used and the main objectives of these trials.
· Chapter 2: The description of the carried out field trials 
In Chapter 2, a description of the carried out field trials has been done. Firstly, the description of the used prototypes, the definition of the configuration modes used and the description of the different TS files used for each configuration mode have been included. 
Next, all the possible measurement scenarios have been defined, including both MFN and SFN measurements (in this case, with a secondary transmitter). 
The transmission system (both the main and the secondary for the SFN measurements) and the reception systems have been also described, stressing the description of the measurement system inside the mobile unit used for these field trials.

Finally, the type of environments and the different routes measured have been included.

· Chapter 3: The description of the measurements
Chapter 3 described the on-line and off-line measurements carried out during these field trials. The on-line measurements were mainly carried out so as to test all the used equipments and check the correct reception along the selected routes. During these on-line measurements the received signal was recorded for posterior off-line measurements.
The off-line measurements were done in the University of the Basque Country (UPV/EHU) laboratory, based on the previously recorded signals. The obtained results of the off-line measurements are the correct reception percentage for each configuration mode. Besides, a study of the influence of the type of environment (urban and dense urban) and the receiver speed (pedestrian and mobile speeds) on the correct reception percentage is also presented. Finally, a study about the SFN gain for different receiver speeds was also done.
· Chapter 4: Conclusions
The main conclusions of these field trials have been presented in Chapter 4. 
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1 Introduction

TF12 field trials were dedicated to test some of the new features of the T2-Lite profile (included in version 1.3.1 of the DVB-T2 standard [1]) using the prototypes developed in TF10, that were previously tested in the laboratory measurements in TF11. 
The main goals were to test the advantages of using the new T2-Lite profile so as to increase the correct reception percentage in mobility. Besides, mixed DVB-T2 Base and T2-Lite signals were also measured. These field trials took place in Barcelona (Spain) from September to October 2012.They were focused on testing T2 reception in the complex urban and dense urban environments.
Several companies contributed to these field trials: Abertis Telecom, ENENSYS, MIER Comunicaciones and the University of the Basque Country (UPV/EHU). The prototypes described in D10.2 [2] that have been evaluated in these field trials are presented in Table 1:

Table 1. TF10 prototypes tested.

	Id.
	Provided Prototype
	Partner

	P.4
	T2 Transmitter
	Mier

	P.5
	T2 Gap-Filler
	Mier

	P.8
	T2 Gateway
	Enensys

	P.11
	T2 Demodulator
	UPV/EHU


The main objective of these field trials focused on measuring the correct reception percentage in mobility for the urban and dense urban environments, typical of big cities such as Barcelona. Besides, the influence of the type of environment and the receiver speed on the correct reception percentage will also be studied. Finally, the SFN gain will also be measured.
2 T2-Lite Field Trials
2.1 Description

The inclusion of T2-Lite in the DVB-T2 standard has supposed a new profile with new features, such as the effect of post-scrambling and subslicing as well as the new code-rates that increase the robustness of the transmitted signal. 

Besides, mixed modes are now a reality, transmitting T2-Base and T2-Lite at once so as to transmit different contents with different modulations depending on its use. One of the parts will usually be a high data rate content that should be correctly received at fixed points. For this reason, a T2-Base configuration with a high constellation order will be used for this part. Low data rate contents will also be transmitted in order to be correctly received in mobility. In this case, the T2-Lite profile will be used in the FEFs, increasing the robustness of the transmitted signal with some of its new features.
The main goal of these field trials was to test some of the new features of T2-Lite both in MFN (Multiple Frequency Networks) and in SFN (Single Frequency Networks). For both of them, two different T2-Lite configuration modes were tested as well as three different mixed T2-Base / T2-Lite modes.
2.2 Prototypes under test
Regarding the transmission side, there were two transmitters from Mier (one of them is the main one and the other one is used as the secondary one in SFN scenarios) and two gateways from Enensys. The two gateways were needed because the combination of the T2-Base component and the T2-Lite component for the mixed modes is done by the transmitter, not by the gateway. For this reason, each component is generated by a different gateway and the transmitter combines them. Figure 1 shows the prototypes used in the transmission side, that were previously tested in the TF11 laboratory measurements [3].
[image: image1.jpg]


  [image: image2.jpg]



Figure 1. Prototypes under test in the transmission side 
Firstly, SFN measurements were planned to be carried out not only with a secondary transmitter, but also with a gapfiller (also from Mier). However, the gapfiller could not finally be used because of a non-suitable location of the radiating system used by the gapfiller. The reception and transmission antennas were not isolated enough and the transmitted signal was also received by the gapfiller reception antenna. The gapfiller was not capable to eliminate so many powerful echoes.

Regarding the reception side, there was only one demodulator from the University of the Basque Country (UPV/EHU), which was also tested in TF11 [3]. Figure 2 shows one capture of the screen of the UPV/EHU demodulator.
[image: image3.jpg]



Figure 2. Prototype under test in the reception side 
2.3 Tested DVB-T2 Configuration Modes definition

Two single modes and three mixed modes were defined and tested. Each one is described in the following list and their parameters are resumed in the Table 2.

· Mode M1: T2-Lite Time Interleaving
This mode allows the testing of the multiple PLP feature in the T2-Lite new profile. This mode includes three PLPs with three different TI lengths (from 13 to 43 ms) so as to test the influence of this parameter over the received signal. The rest of parameters provide good robustness to the signal thanks to the QPSK modulation and 1/2 code rate in the 3 PLPs. 

· Mode M2: T2-Lite Code Rate

This mode is similar to M1. It also includes three PLPs but with very long interleaving lengths by using sub-slicing (126 ms). The code rate (CR) changes in the 3 PLPs to test the new options included in the T2-Lite profile, with 1/3 in PLP0, 2/5 in PLP1 and 1/2 in PLP2. So this mode is to test the influence of these more robust code rates over the received signal. 

· Mode M3: Mixed T2-Base/T2-Lite
This is a mixed configuration based on transmitting two modes through the FEF feature. The T2-Base mode has been selected in order to have high bit-rate although its robustness is not very high (256-QAM). This is because it is thought for high definition fixed reception. This is an optimized T2-Base configuration mode when a T2-Lite component is transmitted at once.  The T2-Lite mode has been selected to be quite robust (QPSK 1/2) but with low bit-rate (near 1MBps). By this way, a realistic balance between the T2 and T2-Lite parts is achieved.

· Mode M4: Mixed T2-Base/T2-Lite FFT Change
This is also a mixed configuration. In this case, both the T2-Base and T2-Lite components includes the same configuration parameters (with the exception of the FFT size), which are common for both of them. It allows testing in identical conditions of mobile reception the effect of two FFT sizes (4k and 8k) and two modulation schemes (QPSK and 16-QAM) while maintaining fixed and equal the rest of parameters of a common DVB-T2 signal (T2-Base).  

· Mode M5: Mixed T2-Base/T2-Lite PP Change
This is the third mixed mode. In this case, both the T2-Base and T2-Lite components includes the same configuration parameters (with the exception of the pilot pattern), which are common for both of them. It allows testing in identical conditions of mobile reception the effect of two different pilot patterns (PP1 and PP2) and two different modulation schemes (QPSK and 16-QAM) while maintaining fixed and equal the rest of parameters of a common DVB-T2 signal (T2-Base).

Table 2. DVB-T2 tested modes configuration parameters
	Reference
	M1
	M2
	M3
	M4
	M5

	Name
	T2-Lite Time Interleaving
	T2-Lite Code Rate
	Mixed T2-Base/T2-Lite
	Mixed T2-Base/T2-Lite FFT Change
	Mixed T2-Base/T2-Lite PP Change

	Base/Lite
	Lite
	Lite
	Base
	Lite
	Base
	Lite
	Base
	Lite

	Single or Multiple PLP
	Multiple (3)
	Multiple (3)
	Single
	Single
	Multiple (2)
	Multiple (2)
	Multiple (2)
	Multiple (2)

	Frames per Superframe
	2
	2
	2
	2
	2
	2
	2
	2

	Number of data symbols
	91
	125
	31
	39
	65
	130
	58
	65

	Subslices
	1
	1620
	1
	1
	1
	1
	1
	1

	Channel BW (MHz)
	7.61
	7.61
	7.77
	7.61
	7.61
	7.61
	7.61
	7.61

	FFT
	8k
	8k
	32k ext.
	8k
	8k
	4k
	8k
	8k

	Guard Interval
	1/8
	1/8
	1/16
	1/8
	1/8
	1/8
	1/8
	1/8

	L1 Constellation
	BPSK
	BPSK
	BPSK
	BPSK
	BPSK
	BPSK
	BPSK
	BPSK

	Post-scrambling
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Pilot Pattern
	PP2
	PP2
	PP4
	PP2
	PP2
	PP2
	PP1
	PP2

	TR-PAPR
	L1 & P2
	L1 & P2
	L1 & P2
	L1 & P2
	L1 & P2
	L1 & P2
	L1 & P2
	L1 & P2

	SISO/MISO
	SISO_LITE
	SISO_LITE
	SISO
	SISO_LITE
	SISO
	SISO_LITE
	SISO
	SISO

	FEF
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	FEF Length
	---
	---
	379.904
	1.116.160
	619.520
	619.520
	619.520
	616.448

	FEF Interval
	---
	---
	1
	1
	1
	1
	1
	1

	
	PLP0
	PLP1
	PLP2
	PLP0
	PLP1
	PLP2
	PLP0
	PLP0
	PLP0
	PLP1
	PLP0
	PLP1
	PLP0
	PLP1
	PLP0
	PLP1

	PLP Type
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2
	Type 2

	Constellation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	256QAM
	QPSK
	QPSK
	16QAM
	QPSK
	16QAM
	QPSK
	16QAM
	QPSK
	16QAM

	Rotated Constellation
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Code Rate
	1/2
	1/2
	1/2
	1/3
	2/5
	1/2
	2/3
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2

	LDPC Frame Length (bits)
	16200
	16200
	16200
	16200
	16200
	16200
	64800
	16200
	16200
	16200
	16200
	16200
	16200
	16200
	16200
	16200

	Number of FEC blocks
	32
	26
	13
	32
	32
	32
	103
	30
	25
	50
	25
	50
	22
	44
	25
	50

	HEM
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	ISSY
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	NPD
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No

	IL Type
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	IL Length
	1
	1
	1
	1
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Frame Interval
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Interleaving time (ms)
	43.7
	33.3
	16.7
	126.2
	126.2
	126.2
	60.9
	41.3
	33.2
	33.2
	33.3
	33.3
	32.7
	32.7
	30.4
	30.4

	In band Signalling
	Type B
	Type B
	Type B
	Type B
	Type B
	Type B
	Type A
	Type B
	Type B
	Type B
	Type B
	Type B
	Type B
	Type B
	Type B
	Type B

	Network Topology
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN
	SFN

	Bit-Rate (Mbps)
	2.4
	1.9
	1
	1.3
	1.6
	1.8
	27.2
	1.23
	1.3
	2.6
	1.3
	2.6
	1.1
	2.2
	1.3
	2.6


NOTE: In all cases, the data rate of each PLP depends on its complete parameter set, mainly dependent on the code rate, number of FEC blocks, and the modulation scheme. 
2.4 Transport Stream (TS) files

For these field trials 14 different Transport Stream (TS) files were generated. Each one is adapted to each PLP capacity in order to avoid the insertion of null packets in the TS for each configuration mode tested. By this way, any transmission error would affect the video and would be correctly detected.

All TS files contain the same video program (13min 17sec length), specially edited for ENGINES tests. These videos show a tandem paragliding flight at the Basque Country. Figure 3 shows a screenshot of one of these videos. 
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Figure 3. Screenshot of the video service included in the TS files

Table 3 resumes the main information about the different TS files used in the field trials. 

Table 3. TS files main information

	Filename
	Bitrate (bit/s)
	Video Service
	PLP Id.
	Ts Id.
	Other info

	ENGINES.TF12.(M1_PLP0).ts
	2,300,000
	'Test Modo5 PLP0 2300kbps'
	0
	13056 (0x3300)
	Length: 13 minutes and 17 seconds
Network id: 4386 (0x1122)
Service id: 21862 (0x5566)
Contains 1 video service coded at MPEG-4/AVC, High@4.0, 1920x720, 29.976fps, VBR to fit TS-size



	ENGINES.TF12.(M1_PLP1).ts
	1,930,000
	'Test Modo5 PLP1 1930kbps'
	1
	13057 (0x3301)
	

	ENGINES.TF12.(M1_PLP2).ts
	960,000
	'Test Modo5 PLP2 960kbps'
	2
	13058 (0x3302)
	

	ENGINES.TF12.(M2_PLP0).ts
	1,290,000
	'Test Modo6 PLP0 1290kbps'
	0
	13056 (0x3300)
	

	ENGINES.TF12.(M2_PLP1).ts
	1,560,000
	'Test Modo6 PLP1 1560kbps'
	1
	13057 (0x3301)
	

	ENGINES.TF12.(M2_PLP2).ts
	1,740,000
	'Test Modo6 PLP2 1740kbps'
	2
	13058 (0x3302)
	

	ENGINES.TF12.(M3_Lite).ts
	1,270,000
	'Test Modo7 Lite 1270kbps'
	0
	13056 (0x3300)
	

	ENGINES.TF12.(M3_Base).ts
	27,120,000
	'Test Modo7 Base 27120kbps'
	0
	13056 (0x3300)
	

	ENGINES.TF12.(M4_PLP0).ts
	1,270,000
	'QPSK FFT PLP1 1270kbps'
	0
	13056 (0x3300)
	

	ENGINES.TF12.(M4_PLP1).ts
	2,560,000
	'16QAM FFT PLP2 2560kbps'
	1
	13057 (0x3301)
	

	ENGINES.TF12.(M5_Base_PLP0).ts
	1,120,000
	'PP1 QPSK PLP1 2260kbps'
	0
	13056 (0x3300)
	

	ENGINES.TF12.(M5_Base_PLP1).ts
	2,260,000
	'PP1 16QAM PLP2 2260kbps'
	1
	13057 (0x3301)
	

	ENGINES.TF12.(M5_Lite_PLP0).ts
	1,280,000
	'PP1 QPSK PLP1 1280kbps'
	0
	13056 (0x3300)
	

	ENGINES.TF12.(M5_Lite_PLP1).ts
	2,570,000
	'PP2 16QAM PLP2 2570kbps'
	1
	13057 (0x3301)
	


2.5 Measurement Scenarios

These field trials were supposed to be carried out in six different scenarios. However, due to a non-suitable location of the secondary radiating system, the two in a SFN with a gapfiller were not finally carried out. Table 4 resumes the main information about each scenario.

Table 4. Field trials scenarios
	Id.
	Scenario name
	Type of mode
	Type of Network
	Secondary transmitter

	1
	T2-Lite MFN
	T2-Lite
	MFN
	--

	2
	T2-Lite SFN
	T2-Lite
	SFN
	Transmitter

	3
	Mixed mode MFN
	Mixed T2-Base/T2-Lite
	MFN
	--

	4
	Mixed mode SFN
	Mixed T2-Base/T2-Lite
	SFN
	Transmitter


2.5.1 Scenario 1: T2-Lite MFN

The first scenario consisted on a T2-Lite MFN scenario. Three TS players were needed in order to play three different Transport Streams (TS) (for more information about the TS files see section 2.4). These TS players were connected to a gateway through ASI connections. The gateway generated the T2-Lite frames with three different PLPs, one per TS file. This gateway was configured through a web interface using an Ethernet/IP connection. The data from the gateway was sent to the main transmitter in Collserola through another IP connection.

In Collserola, a T2-Lite transmitter (T2-Lite modulator + amplifier) with an input IP interface, to receive the data flow from the gateway, was needed. This equipment was also configured through a web interface using an Ethernet/IP connection.

This scenario was measured for modes M1 and M2 from Table 2. Figure 4 shows the network scheme for the T2-Lite MFN scenario.
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Figure 4. Network scheme for the T2-Lite MFN scenario

2.5.2 Scenario 2: T2-Lite SFN

This scenario consisted on a T2-Lite SFN scenario using a secondary transmitter. Three TS players were needed in order to play three different Transport Streams (TS) (for more information about the TS files see section 2.4). These TS players were connected to a gateway through ASI connections. The gateway generated a T2-Lite frame with three different PLPs, one per TS file. This gateway was configured through a web interface using an Ethernet/IP connection. 

The data from the gateway was sent to the main transmitter in Collserola through an IP connection and to the secondary transmitter located in the Abertis facilities through an ASI connection. This secondary transmitter was configured through an Ethernet/IP connection using a web interface, as well.

In Collserola, a T2-Lite transmitter (T2-Lite modulator + amplifier), with an input IP interface to receive the data flow from the gateway, was needed. This equipment was configured through a web interface using an Ethernet/IP connection.

This scenario was measured for modes M1 and M2 from Table 2. Figure 5 shows the network scheme for the T2-Lite SFN scenario with a secondary transmitter.
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Figure 5. Network scheme for the T2-Lite SFN scenario with a secondary transmitter
2.5.3 Scenario 4: Mixed T2-Base / T2-Lite MFN

This scenario consisted on a Mixed T2-Base / T2-Lite MFN scenario. Up to four TS players were needed in order to play up to two different Transport Streams (TS) (for more information about the TS files see section 2.4) for each component of the Mixed signal. In other words, each component of the mixed signal had between one or two different PLPs depending on the configuration mode (one for M3, and 2 for M4 and M5). The TS players were connected to two gateways through ASI connections. One of them generated the T2-Lite component of the mixed signal and the other one generated the T2-Base component. These gateways were configured through a web interface using an Ethernet/IP connection. 

The data from one of the gateways was directly sent to the main transmitter in Collserola through an IP connection. However, the data from the second gateway was sent to an IP to ASI converter located also in Collserola so as to convert the IP data signal into an ASI signal that was next sent to the ASI transmitter input. By this way, the transmitter was capable to combine both components and generate the mixed signal. The transmitter was configured through a web interface using an Ethernet/IP connection.

This scenario was measured for modes M3, M4 and M5 from Table 2. Figure 6 shows the network scheme for the Mixed T2-Base / T2-Lite signal MFN scenario.
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Figure 6. Network scheme for the T2-Base T2-Lite Mixed MFN scenario
2.5.4 Scenario 5: Mixed T2-Base / T2-Lite SFN

This scenario consisted on a Mixed T2-Base / T2-Lite SFN with a secondary transmitter. Two TS players were needed in order to play one Transport Streams (TS) (for more information about the TS files see section 2.4) for each component of the Mixed signal. Each TS player was connected to one gateway through ASI connections. One of them generated the T2-Lite component of the mixed signal and the other one generated the T2-Base component. These gateways were configured through a web interface using an Ethernet/IP connection. 

The data from one of the gateways was directly sent to the main transmitter in Collserola through an IP connection. However, the data from the second gateway was sent to an IP to ASI converter located also in Collserola so as to convert the IP data signal into an ASI signal that was next sent to the ASI transmitter input. By this way, the transmitter was capable to combine both components and generate the mixed signal. The transmitter was configured through a web interface using an Ethernet/IP connection.

Besides, the data from the gateways was also sent to a secondary transmitter located in the Abertis facilities using two ASI connections. This transmitter was also capable to combine both components and generate the mixed signal. This transmitter was also configured through a web interface using an Ethernet/IP connection.
This scenario was measured only for modes M3 from Table 2. Figure 8 shows the network scheme for the T2-Base and T2-Lite mixed signal SFN scenario using a secondary transmitter.
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Figure 7. Network scheme for the T2-Base T2-Lite Mixed SFN scenario with a secondary transmitter
2.6 Field Trials Schedule

The T2-Lite field trials were held from 20th September until 20th October 2012 with some free days. Each working day, testing started around 10:00 am and finished at around 21:00 pm.

Table 5 resumes the different sessions of the field trials.

Table 5. Session characteristics for T2-Lite field trials
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday
	Saturday
	Sunday

	17
	18
	19
	20
	21
	22
	23

	---
	---
	---
	Network set-up and tests
	Network Set-up and tests
	Network Set-up and tests
	Network Set-up and tests

	24
	25
	26
	27
	28
	29
	30

	Network set-up and tests
	Network set-up and tests
	M1 and M2 MFN
	M1 and M2 MFN
	M1 and M2 MFN
	M1 and M2 MFN
	M1 and M2 MFN

	1
	2
	3
	4
	5
	6
	7

	M2 SFN
	M1 SFN and M3 MFN
	M3 MFN
	M3 SFN
	---
	---
	---

	8
	9
	10
	11
	12
	13
	14

	---
	---
	---
	---
	---
	---
	---

	15
	16
	17
	18
	19
	20
	21

	M4 and M5 MFN
	M4 and M5 MFN
	M4 and M5 MFN
	M4 and M5 MFN
	M4 and M5 MFN
	---
	---


2.7 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 8 shows two examples of described classification.
[image: image9.emf] [image: image10.emf]
Figure 8. Urban (left) and Dense Urban (right) reception environments

Figure 9 shows the measured routes around the city of Barcelona where T2-Lite with mobile and pedestrian urban and dense urban reception was tested. All the routes add up to more than 64 km long and crosses both urban and dense urban environments. As these routes were measured for the different configuration modes, all the measurements were saved in a time lapse of more than 16 hours (and more than 320 km traveled). This supposed more than 4.5 TB of information saved.
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Figure 9. Measured routes in Barcelona
There were 8 different routes inside the city of Barcelona that were measured in MFN. Besides, there were also two other routes in the surroundings of the city that were measured in both MFN and SFN. One of them was near the main transmitter location (Collserola), covering an almost “rural” area. This route was not considered for the analysis of the current studio, but it was taken as reference to measure the power level received next to the main transmitter. The second one was near the secondary transmitter location (La Zona Franca), covering an industrial area. This was considered for the SFN studio. Table 6 resumes the main information about each route.
Table 6. Measured routes

	Id
	Route Name
	Color in map
	Estimated Length
	Estimated

duration
	Studio
	Commentaries

	1
	Barceloneta
	Green
	2,7 km
	8 minutes
	MFN
	Dense urban scenario

	2
	L’Example
	Red
	8,8 km
	26 minutes
	MFN
	Quasi-theoretical scenario (homogeneous streets and narrow avenues)

	3
	Diagonal
	Dark Blue
	8,5 km
	22 minutes
	MFN
	Residential areas and a very narrow avenue

	4
	Gracia
	Purple
	10,9 km
	31 minutes
	MFN
	Narrow avenues with dense traffic

	5
	Rambla
	Light blue
	8,4 km
	24 minutes
	MFN
	Urban and dense urban scenarios

	6
	Gotiko
	Yellow
	4,6 km
	18 minutes
	MFN
	Dense urban scenario

	7
	Poblenau
	Orange
	5,4 km
	16 minutes
	MFN
	Urban scenarios and huge olimpic buildings

	8
	Montjuic
	Dark green
	0,7 km
	5 minutes
	MFN
	Area in front of the main transmitter with possibility of areas in shadow

	9
	Abertis
	Black
	10,1 km
	22 minutes
	SFN
	Industrial area near the secondary transmitter

	10
	Collserola
	Brown
	4,4 km
	8 minutes
	--
	Rural scenario near the main transmitter


2.8 Transmission systems
As both MFN and SFN field trials were carried out, two transmission systems were neccessary.
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. Figure 10 shows an image of the main transmitter in its location while Table 7 resumes the main information about the main transmitter location. 
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Figure 10. Main transmitter location
Table 7. Main transmitter location information

	UTM Coordinates
	- Time Zone: 31

- UTM X: 426 072

- UTM Y: 4 585 662

	Geographic coordinates
	- Longitude: 02º 06’ 55,41” E

- Latitude: 41º 25’ 06,20” N

	Address
	Barcelona to Vallvidrera road s/n


This transmitter was from Mier with a transmitted power of 350 W. Its radiating system consisted on three array panels with an antenna gain of around 16 dBi. Vertical polarization was used in the transmission. Table 8 resumes the main information about the radiating system used with the main transmitter.
Table 8. Main radiating system main information

	Mechanical features
	- Composition: 3 panels

- Azimuth: 162º

- Elevation: 0º (electrical + mechanical)

- Height: 125 m (11 floor)

- Feeder: 7/8”

- Flexwell: 35 m

	Electrical features
	- Polarization: vertical

- Maximun gain: 15,3 dBd

- Losses (500 MHz): 1,45 dB


Figure 11 shows the theoretical radiation patterns in the horizontal (0º elevation) and vertical planes (162º azimuth) of the main transmitter radiating system.
[image: image13.emf] [image: image14.emf]
Figure 11. Radiation patterns for the main radiating system 

The secondary transmitter needed for the SFN were 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. Figure 12 shows an image of the secondary transmitter in its location while Table 9 resumes the main information about the secondary transmitter and the gapfiller location.
[image: image15.png]



Figure 12. Secondary transmitter location
Table 9. Secondary transmitter/gapfiller location information

	UTM Coordinates
	- Time Zone: 31

- UTM X: 427 039
- UTM Y: 4 576 984

	Geographic coordinates
	- Longitude: 02º 07’ 40,74” E

- Latitude: 41º 20’ 27,86” N

	Address
	Avda. Parc Logistic, 12-20. Building C.


The secondary transmitter was also from Mier and its radiating system consisted on two dipoles array panel with a transmitted power of 100 W and an antenna gain of 7 dBd, as it can be seen in Figure 13. Vertical polarization was used in the transmission. Table 10 resumes the main information about the radiating system used with the secondary transmitter and the gapfiller.
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Figure 13. Secondary transmitter radiating system
Table 10. Secondary radiating system main information

	Mechanical features
	- Composition: one two dipoles panel

- Azimuth: 162º

- Elevation: 0º (electrical + mechanical)

- Height: 12 m

- Feeder: 7/8”

- Flexwell: 35 m

	Electrical features
	- Polarization: vertical

- Maximun gain: 7,5 dBd

- Losses (500 MHz): 1,49 dB


Figure 14 shows the theoretical radiation patterns in the horizontal (0º elevation) and vertical planes (0º azimuth) of the secondary transmitter radiating system.
[image: image17.emf] [image: image18.emf]
Figure 14. Radiation patterns for the secondary radiating system 
2.9 Measurement System

The measurement system was based on an on-line IQ signal recording for posterior off-line laboratory processing, which provided greater flexibility.
The reception radiating system was a dipole antenna, as it can be seen in Figure 15. Its main features are summarized in Table 11. 
[image: image24.png]
Figure 15. Reception antenna
Table 11. Reception radiating system main information

	Type
	Half-wave Dipole

	Polarization
	Vertical or horizontal

	Gain
	0dBd (2,14dBi)

	Impedance
	50Ω

	Maximun power
	100W

	R.O.E
	<1.5

	Frequency
	482 MHz

	Bandwidth
	20 MHz

	Length
	0.4m

	Weight
	0.4 Kg


Figure 16 shows the theoretical radiation patterns for the reception dipole antenna for both the vertical and horizontal plane.

[image: image19.emf]
Figure 16. Radiation patterns for the reception radiating system 

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 Channel filter, set to channel 22, to prevent other emissions interfere with desired signal measurement.

· UPV/EHU demodulator prototype (USRP device + operational laptop) so as to carry out on-line measurements.
· A Signal analyzer used for measuring received signal power (Rohde & Schwarz ESPI).
· A Signal recorder used for baseband IQ samples recording and a hard drives with high speed eSATA connection where to store the IQ files (Anritsu MS2690A).
· A GPS (GARMIN GPSMap 62s) 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 17 shows the connection scheme of the equipment used inside the mobile unit during the field trials.
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 Figure 17. Measurement system inside the mobile unit
The transmitters and gateways were controlled via web interfaces which allow remote control of the equipment and remote and fast configuration of all the parameters associated with the transmitted DVB-T2/T2-Lite signals.
3 Measurements
3.1 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 and the signal for the posterior off-line analysis was recorded.

The UPV/EHU demodulator, which was previously tested on the laboratory measurements in the TF11, was used in its on-line operation mode [2] so as to choose the most suitable routes in which the DVB-T2 and T2-Lite signals were correctly received. Thanks to it, it was known that the DVB-T2 and T2-Lite signals saved for a posterior off-line analysis using the Anritsu IQ recorder were correctly received. 
Besides, some additional information in the way of a “.dcp” file was also obtained. Table 12 resumes the main information needed for the current analysis from the “.dcp” file.
Table 12. On-line measured “.dcp” file main information
	Information
	Commentaries

	Clock_Date
	Tha date and time when the IQ signal recording starts

	Anritsu_File
	The name of the IQ signal recorded file

	ESPI_Power
	Time stamp and power level of the received signal each 33ms

	GPS_Location
	Time stamp and longitude and latitude location coordinates each 1s

	GPS_Speed
	Time stamp and speed (km/h) information each 1s

	Tachometer_Speed
	Time stamp and speed (km/h) information with a variable updating period depending on the speed (*)


(*) The updating period was higher with fast speeds and lower with slow speeds

3.2 Off-line measurements
Once the DVB-T2 signals were saved during the measurement campaign, a posterior off-line analysis was done.

The main objective of the off-line analysis was to measure the amount of seconds with good reception and with errors, so as to obtain the percentage with no errors (correct reception). For doing it, the UPV/EHU demodulator was used in its off-line operation mode [2].
3.2.1 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 the BER is lower than or equal to 10-7 after LDPC (Low Densitiy Parity Check). However, due to the measurement time required to obtain BER = 10-7 values and considering the measurement capabilities of the UPV/EHU demodulator, the threshold criterion was based on the FEC Blocks Error Rate (FBER), which is the ratio of erroneous FEC blocks (LDPC+BCH) received during an observation period. In this case, the criterion for the reception threshold was to have a FBER = 0 during an observation period established in a T2-frame time. In other words, the FBER value per frame is the number of FEC blocks with errors inside a T2-frame.
3.2.2 Methodology

Once all the information had been stored on hard disks, this data was processed off-line in the laboratory in order to obtain the performance results. The recorded IQ samples were analyzed using the UPV/EHU demodulator in the off-line operation mode in combination with data from the GPS and tachometer.

The UPV/EHU demodulator generates many log files. Table 13 summarizes the main log files that were interesting for the current analysis.
Table 13. Main log files obtained from the UPV/EHU analysis

	Log file
	Updating period
	Commentaries

	FEC_Bch_X.txt 
	FEC block
	Time stamp and FEC error flag (indicator of error or correctness) per FEC Block for each PLP.

	Power.txt
	Symbol
	Time stamp and Received power value per symbol.

	Summary.txt
	Event
	Time Stamp and Received signal configuration information and detected events (synchronization acquired, synchronization lost, frequency offset)


As the threshold criterion was set to a value of FBER≠0 during a T2-frame time, all this information had to be combined and reduced to an updating period of a frame time. For this, the following modifications had to be done:

· The FEC error flag per FEC block was set to 1 (if there were errors) or 0 (it it was correct). The FBER value per T2-frame was the sum of all the FEC error flags inside a T2-frame. In other words, the maximum FBER value per T2-frame was the number of FEC blocks per frame. The number of FEC blocks per PLP was obtained from the Summary.txt file.
· The power value per frame was the mean of the power values per symbol of all the symbols of a frame. The number of symbols of a frame was obtained from the Summary.txt file. 
When the synchronization was lost, the power level could not be obtained from the UPV/EHU demodulator and it had to be obtained from the “ESPI_Power” information from the “.dcp” file previously recorded during the on-line measurements. Thanks to the “Clock_Date” information from this file, it was possible to synchronize all the information from the “.dcp” file with that from the UPV/EHU demodulator log files. As all the information from the “.dcp” file had a time stamp, it was possible to obtain the power measurement for the frames with synchronization errors. This measurement was the mean value of the power measurements within the time of the frames with synchronization errors.

Figure 18 shows the received power levels measured in the field trials. The columns in blue show the number of T2 frames received for each power level interval, while the red line shows the accumulated percentage of T2 frames considering its power level.
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Figure 18. Received power level histogram

As it can be seen, almost all the frames (more than 98%) were received with a power level higher than -86 dBm. Considering that the floor noise reference level (indicated with a vertical red line in Figure 18), was around -98.1dBm (set by the Anritsu IQ recorder), it can be said that almost all the frames were received with an enough power level of more than 10dB higher than the noise reference level. For this reason, the measured power levels were not influenced by the floor noise level. 

On the other hand, the above described information was also combined with the location data from the GPS (latitude and longitude coordinates) and the speed data from both the GPS and the tachometer. The “GPS_Location” and “GPS_Speed” information from the “.dcp” file had an updating period of 1s, which is time length longer than any frame time. Thanks to the “Clock_Date” information from the “.dcp” file and their own time stamps, it was possible to synchronize the location and speed information. This information was repeated for every frame within the updating period of 1s. In the case of the tachometer, the situation was the same, and the information was also synchronized thanks to its own time stamp, repeating it when it was necessary.
It is important to underline that there were some transmission problems in the network due to IP connectivity errors which generated small cuts of less than a frame length or even some frames length in the received signal. These frames were eliminated from the study and were not considered.

Taking all above into consideration, the number of correct frames (frames with FER=0) and incorrect frames (frames with FER≠0) were calculated, obtaining the correct reception percentage for each configuration mode. 

Moreover, the correct reception percentage depending on the type of environment, differentiating between urban and dense urban environments, was also obtained thanks to the GPS location information. The differences in the correct reception percentages depending on the speed were also obtained, differentiating between pedestrian and mobile reception, thanks to the GPS and tachometer speed information. Finally, a study of the improvement in the correct reception percentage thanks to the SFN was also done.
The measuring methodology in outline is shown in Figure 19.
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Figure 19. Off-line measuring methodology
The selection of the areas considered “urban” and “dense urban” environments was done manually, considering the building density and height and how narrow the roads in the area were. Some square areas in the city of Barcelona were defined as “dense urban” environments, while the remaining areas were defined as “urban” environments. The distribution of the measured frames in the previously defined as urban or dense urban environments was done considering the coordinates associated to each frame obtained from the GPS.

Another study about the speed of the receiver was done. Figure 20 shows the speed values of the receiver, recorded during the field trials. The columns in blue show the number of frames for each speed interval while the red line shows the accumulated percentage of frames considering its speed.
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Figure 20. Speed of the receiver histogram
As it can be seen, almost the half of the frames (near 40%) was received at pedestrian speed (speed lower than 5km/h). The other frames were received at a speed higher than 5 km/h, which is considered as mobile reception. By this way, a representative study of the correct reception percentage at pedestrian and mobile reception speeds was correctly done.
3.2.3 Results
The results presented are based on the percentage of received signal without errors of the measured signal, for each configuration mode under study along the tested routes in different circumstances.
3.2.3.1 General Correct Reception Percentage

Table 13 summarizes, for the analyzed routes using the modes described in Table 2, the performance results in terms of percentage of frames without errors, considering erroneous frames those with FER≠0. It is the average coverage percentage of each configuration mode in a typical urban environment similar to the city of Barcelona.
Table 13. Correct reception percentages for T2-Lite and Mixed DVB-T2 / T2-Lite reception
	
	Correct Reception Percentage (%)

	Mode 1
	PLP0
	Time Interleaving 43ms; 2.4Mbps
	99.6

	
	PLP1
	Time Interleaving 33ms; 1.9Mbps
	99.6

	
	PLP2
	Time Interleaving 16ms; 1Mbps
	99.7

	Mode 2
	PLP0
	QPSK 1/3; 1.3Mbps
	99.5

	
	PLP1
	QPSK 2/5; 1.6Mbps
	99.4

	
	PLP2
	QPSK 1/2; 1.8Mbps
	99.3

	Mode 3
	Base PLP0
	256QAM 2/3; 27.2Mbps
	55.9

	
	Lite PLP0
	QPSK 1/2; 1.2Mbps
	99.9

	Mode 4
	Base PLP0
	8K QPSK 1/2; 1.3Mbps
	99.7

	
	Base PLP1
	8K 16QAM 1/2; 2.6Mbps
	98.8

	
	Lite PLP0
	4K QPSK 1/2; 1.3Mbps
	99.2

	
	Lite PLP1
	4K 16QAM 1/2; 2.6Mbps
	97.6

	Mode 5
	Base PLP0
	PP1 QPSK 1/2; 1.1Mbps
	99.7

	
	Base PLP1
	PP1 16QAM 1/2; 2.2Mbps
	99.2

	
	Base PLP0
	PP2 QPSK 1/2; 1.3Mbps
	99.4

	
	Lite PLP1
	PP2 16QAM 1/2; 2.6Mbps
	98.9


Considering the results obtained in Table 13, which include the general correct reception percentages, the following conclusions can be obtained:

· The general correct reception percentage is higher than 99% with the entire tested configuration mode with QPSK constellation. The correct reception percentage is decreased in at maximum 2% (at least 97% of correct reception coverage) when the constellation order increases to 16QAM. The correct reception percentage decreases up to 55% when the constellation order increases to 256QAM.

· The time interleaving length has little influence on the correct percentage reception, obtaining a 99.6-99.7% of coverage with the three lengths measured.

· The code-rate has little influence on the reception, as only 0.1% increment in the correct reception coverage is obtained when the code-rate increases its robustness.

· The T2-Base part with a 256QAM constellation has a correct reception percentage of around 55%, while the T2-Lite part, which is more robust, has a 99.9% of correct reception coverage.

· The FFT size has some influence on the results, obtaining 1% higher correct reception percentage with 8K than with 4K.

· The Pilot Pattern has also some influence on the results, obtaining 0.5% higher correct reception percentage with PP1 than with PP2.

· In Mode 4 and Mode 5, the change in the constellation order from QPSK to 16QAM means a decrement of between 0.5 and 1.5% of the correct reception percentage.
3.2.3.2 Correct Reception Percentage depending on the type of environment

Table 14 shows the correct reception percentage for each configuration mode differentiating between the type of environment: urban and dense urban environments.

Table 14. Correct reception percentages for T2-Lite and Mixed DVB-T2 / T2-Lite reception depending on the type of environmment.
	
	Correct Reception Percentage in Urban environments (%)
	Correct Reception Percentage in Dense Urban environments (%)

	Mode 1
	PLP0
	Time Interleaving 43ms; 2.4Mbps
	99.8
	99.0

	
	PLP1
	Time Interleaving 33ms; 1.9Mbps
	99.8
	99.1

	
	PLP2
	Time Interleaving 16ms; 1Mbps
	99.8
	99.2

	Mode 2
	PLP0
	QPSK 1/3; 1.3Mbps
	99.5
	99.4

	
	PLP1
	QPSK 2/5; 1.6Mbps
	99.4
	99.3

	
	PLP2
	QPSK 1/2; 1.8Mbps
	99.3
	99.2

	Mode 3
	Base PLP0
	256QAM 2/3; 27.2Mbps
	58.1
	44.8

	
	Lite PLP0
	QPSK 1/2; 1.2Mbps
	99.9
	99.9

	Mode 4
	Base PLP0
	8K QPSK 1/2; 1.3Mbps
	99.9
	98.6

	
	Base PLP1
	8K 16QAM 1/2; 2.6Mbps
	99.4
	95.5

	
	Lite PLP0
	4K QPSK 1/2; 1.3Mbps
	99.4
	97.9

	
	Lite PLP1
	4K 16QAM 1/2; 2.6Mbps
	98.3
	93.8

	Mode 5
	Base PLP0
	PP1 QPSK 1/2; 1.1Mbps
	99.9
	98.5

	
	Base PLP1
	PP1 16QAM 1/2; 2.2Mbps
	99.7
	96.3

	
	Base PLP0
	PP2 QPSK 1/2; 1.3Mbps
	99.7
	98.0

	
	Lite PLP1
	PP2 16QAM 1/2; 2.6Mbps
	99.5
	95.6


Considering the results obtained in Table 14, which include the correct reception percentages depending on the type of environments, the following conclusions can be obtained:

· The type of environments in which the field trials were done has some influence on the correct reception percentage measured. The correct reception percentage in urban environments is always higher than 99% with the entire tested configuration mode with QPSK constellation, although there is a decrement of at maximum 1.7% when “dense urban” environments are considered (obtaining percentages higher than 96.5%). 
· The increment in the constellation order means a higher decrement in the correct reception percentage for “dense urban” environments over the “urban” environments. QPSK means a decrement of maximum 1.7%, 16QAM of between 3.4% and 4.5% and 256QAM of around 12%.

· The change in the time interleaving length has little influence (up to 0.1%) on the decrement in the correct reception percentage between urban and dense urban environments.
· The change in the code-rate has little influence (up to 0.2%) on the decrement in the correct reception percentage between urban and dense urban environments.
· The change in the FFT size has little influence (up to 0.2%) on the decrement in the correct reception percentage between urban and dense urban environments.
· The change in the pilot pattern has little influence (up to 0.3%) on the decrement in the correct reception percentage between urban and dense urban environments.
3.2.3.3 Correct Reception Percentage depending on the receiver speed

Table 15 shows the correct reception percentage for each configuration mode differentiating between the receiver speed: pedestrian and mobile reception. This separation was done because there were enough samples for both speeds: 40% of the analyzed samples were taken at pedestrian speed (<5km/h) while the remaining 60% were taken at mobile speed (>5km/h).
Table 15. Correct reception percentages for T2-Lite and Mixed DVB-T2 / T2-Lite reception depending on the receiver speed.
	
	Correct Reception Percentage with pedestrian speed (%)
	Correct Reception Percentage with mobile speed (%)

	Mode 1
	PLP0
	Time Interleaving 43ms; 2.4Mbps
	99.6
	99.7

	
	PLP1
	Time Interleaving 33ms; 1.9Mbps
	99.6
	99.7

	
	PLP2
	Time Interleaving 16ms; 1Mbps
	99.6
	99.7

	Mode 2
	PLP0
	QPSK 1/3; 1.3Mbps
	99.5
	99.4

	
	PLP1
	QPSK 2/5; 1.6Mbps
	99.4
	99.3

	
	PLP2
	QPSK 1/2; 1.8Mbps
	99.3
	99.2

	Mode 3
	Base PLP0
	256QAM 2/3; 27.2Mbps
	63.6
	50.4

	
	Lite PLP0
	QPSK 1/2; 1.2Mbps
	99.9
	99.9

	Mode 4
	Base PLP0
	8K QPSK 1/2; 1.3Mbps
	99.3
	99.9

	
	Base PLP1
	8K 16QAM 1/2; 2.6Mbps
	99.3
	99.0

	
	Lite PLP0
	4K QPSK 1/2; 1.3Mbps
	98.7
	99.3

	
	Lite PLP1
	4K 16QAM 1/2; 2.6Mbps
	97.4
	97.6

	Mode 5
	Base PLP0
	PP1 QPSK 1/2; 1.1Mbps
	99.5
	99.8

	
	Base PLP1
	PP1 16QAM 1/2; 2.2Mbps
	99.0
	99.2

	
	Base PLP0
	PP2 QPSK 1/2; 1.3Mbps
	99.3
	99.5

	
	Lite PLP1
	PP2 16QAM 1/2; 2.6Mbps
	99.0
	98.8


Considering the results obtained in Table 15, which include the correct reception percentages depending on the receiver speed, the following conclusions can be obtained:

· The correct reception percentages obtained for pedestrian and mobile speeds of the receiver are quite similar for the configuration modes clearly defined for mobility, obtaining the same or even lower (at maximum, 0.6%) percentages in pedestrian than in mobile reception. This could be because the samples considered in mobile and in pedestrian reception were not taken in the same environment; for this reason, the cause of the decrement in pedestrian reception could be due to an environment reason more than to the receiver speed. 
· The correct reception percentage for the configuration mode clearly defined for fixed reception, the one with 256QAM constellation order, is higher in pedestrian than in mobile reception (15% higher).

· Summarizing, the speed of the receiver may not have influence on the correct percentage results for the configuration modes defined for mobile reception, while it has big influence on the results obtained in the configuration modes defined for fixed reception.

3.2.3.4 Correct Reception Percentage improvement with SFN

Table 16 shows the correct reception percentage for each configuration mode differentiating between the reception in MFN and in SFN and the receiver speed. By this way, the SFN gain could be obtained for both pedestrian and mobile reception. For this studio, only route 9 from Table 6 was considered.
Table 16. Correct reception percentages for T2-Lite and Mixed DVB-T2 / T2-Lite reception in MFN and SFN depending on the receiver speed (*)
	
	Correct Reception Percentage with pedestrian speed (%)
	Correct Reception Percentage with mobile speed (%)

	
	MFN
	SFN
	% Gain
	MFN
	SFN
	% Gain

	Mode 1
	PLP0
	Time Interleaving 43ms; 2.4Mbps
	98.738
	99.822
	1.084
	98.761
	99.459
	0.698

	
	PLP1
	Time Interleaving 33ms; 1.9Mbps
	98.657
	99.886
	1.229
	98.721
	99.940
	1.219

	
	PLP2
	Time Interleaving 16ms; 1Mbps
	98.736
	99.877
	1.141
	98.704
	99.939
	1.235

	Mode 2
	PLP0
	QPSK 1/3; 1.3Mbps
	99.997
	100
	0.003
	99.998
	99.988
	-0.010

	
	PLP1
	QPSK 2/5; 1.6Mbps
	100
	100
	0
	100
	99.963
	-0.037

	
	PLP2
	QPSK 1/2; 1.8Mbps
	100
	100
	0
	100
	99.933
	-0.067

	Mode 3
	Base PLP0
	256QAM 2/3; 27.2Mbps
	99.093
	99.853
	0.760
	64.034
	54.745
	-9.289

	
	Lite PLP0
	QPSK 1/2; 1.2Mbps
	100
	99.814
	-0.186
	100
	99.784
	-0.216


(*) This table presents the results with 3 decimals so as to see the small differences between MFN and SFN reception.

Considering the results obtained in Table 16, which include the correct reception percentages for MFN and SFN for each configuration mode depending on the receiver speed, the following conclusions can be obtained:

· For the 32K FFT size configuration (Mode 3 Base), the intercarrier space is very small (279 Hz). For this reason, the different transmitters interfere each other (ICI) in mobility under SFN conditions, and the obtained percentage gain is high and negative (around -9%). However, in a pedestrian reception scenario, in which the ICI is lower, a positive SFN gain is achieved (around 0.7%). 
· For the 8K FFT size configurations, the intercarrier space is bigger (1116 Hz = 4*279Hz). For this reason, the ICI is 4 times lower than in the previous case and a positive percentage gain (from around 1%, in case of Mode 1) is maintained even in mobility under SFN conditions. The null and small negative (lower than -0.25%) values obtained for Mode 2 and Mode 3 Lite are not significant as the correct reception percentage in MFN was nearly 100% and it was not possible to improve the coverage percentage. Besides, these small differences may also have been because the routes in MFN and SFN were not recorded at once.
Summarizing, the reception under SFN conditions for the T2-Lite configurations mode do not degrade the correct reception percentage, in fact, it sometimes improves the coverage percentage in about 1%. On the other hand, although the T2-Base reception is not degraded under SFN conditions at pedestrian receiver speeds, it is severely degraded at mobile receiver speeds, decreasing the coverage percentage in about 10%.

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 T2-Lite and mixed T2-Base/T2-Lite signals were saved for posterior off-line analysis.

These trials have demonstrated that mobile reception of T2-Lite signals is feasible due to its high robustness. Moreover, the use of T2-Base and T2-Lite Mixed signals is possible so as to receive the T2-Base component in fixed reception and the T2-Lite component in mobile reception.
The obtained results demonstrate that a correct reception percentage of more than 99%, which is considered as a limit for “good” reception [4], is possible with QPSK constellation. The increment in the constellation order from QPSK to 16QAM means a decrement in the percentage of at maximum 1.5%, obtaining percentages lower than 99%. For this reason, considering a balance between correct reception percentage and bit-rate, the Mode1_PLP0 may be the most suitable selection for broadcasting services using the T2-Lite standard for a mobile reception.
On the other hand, a study about the influence of the type of environment has also been done. The constellation order is the configuration parameter with more influence on the correct reception percentage depending on the type of environment. A decrement of at maximum 1.7% with QPSK, between 3.4% and 4.5% for 16QAM and 12% for 256QAM were obtained from the reception in urban environments to the reception in dense urban environments. Other parameters, such as the FFT size, the pilot pattern, interleaving length and code-rate, has a limited influence (up to 0.3%) which is masked by the effect of the constellation order.
Besides, a study of the influence of the receiver speed was also done. For configuration modes defined for mobility, the speed has little or even no influence on the correct reception percentage. However, the receiver speed has influence on the correct reception percentage for configuration modes defined for fixed reception, decreasing the percentage in 15% from pedestrian (speed lower than 5km/h) to mobile (speed higher than 5km/h) reception.
Finally, a study about the percentage gain under SFN conditions has also been done. The reception under SFN conditions for the T2-Lite configurations mode do not degrade the correct reception percentage, in fact, it sometimes improves the coverage percentage in about 1%. However, although the T2-Base reception is not degraded under SFN conditions at pedestrian receiver speeds, it is severely degraded at mobile receiver speeds, decreasing the coverage percentage in about 10%.
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