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Abstract 
This Deliverable D9.2 Evaluation of NGH was planned to present analyses of DVB-NGH simulation, laboratory and field trial results. Instead, the DVB-Lite field trials performed within the ENGINES project in September 2012 are analyzed in the deliverables of Task Force 12. This deliverable contains laboratory test of how configuration parameters, such as the FFT size, the pilot pattern and the time interleaving influence the mobile reception. 
1 Introduction 

This is a final deliverable 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 Forces 11 and 12 produce simulations, laboratory and field test results that are 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 Deliverable 9.2, Evaluation on NGH, contains analyses of DVB-NGH simulations, laboratory and field trial results. Deliverable 9.1, Comparison of simulation, laboratory and field trials contains performance analysis of DVB-T2 simulations and measurement results. Deliverable 9.3, Network structure requirements for T2 and NGH, contains network parameters and coverage area planning related studies for different type of DVB-T2 and DVB-NGH networks.

The contributor for this deliverable is the University of the Basque Country (UPV/EHU). This paper will also be part of a book: “Next Generation Mobile Broadcasting” (CRCpress) that will be published in March 2013. Further results are presented in the deliverables of task force 12 Field trials. Also Deliverable D9.3 covers similar topics as D9.2.
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2 Influence of the DVB-T2 configuration parameters in mobile reception
Manuel Velez, Cristina Reguiro, UPV/EHU - University of Basque Country, Department of Electronics and Telecommunications
2.1 Introduction
Laboratory tests have been carried in order to study the influence of the FFT size, the pilot pattern and the time interleaving in the mobile performance of DVB-T2. To perform these tests, the DVB-T2 signal is generated in a PC card-based DTT multi-standard modulator. This card also includes a channel simulator module, so different CNR levels and multipath propagation models can be adjusted in the tests, including Doppler effects. The generated signal is received and decoded by a professional DVB-T2 receiver, which provides several signal quality measurements. The reception of 30 consecutive seconds with BBFER=0% has been selected as the QoS criterion in the tests. Because of the random characteristics of the simulated channels, the measurements have been repeated several times and the performance results are presented as the average value. Figure 1 shows the measurement set-up used in these tests.
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Figure 1. Laboratory tests Set-up.
The main simulation parameters are shown in Table I, including the DVB-T2 signal configuration and the simulated channel. The channel model is a standard TU6 profile with different Doppler frequencies (the corresponding user velocity for each Doppler at a carrier frequency of 600 MHz is also listed in the table). The TU6 channel with no Doppler and the Gaussian channel have also been measured in order to investigate the degradation caused by mobile reception. All the combinations of FFT Size, modulation scheme, code rate and pilot pattern (if allowed by the standard) have been analyzed. In total, 174 different configurations have been measured in the laboratory tests.

Table II shows the guard intervals selected for each combination of FFT size and pilot pattern. PP8 pilot pattern has not been considered in the laboratory tests since it is intended for stationary reception. In a similar manner, the 256QAM constellation has been excluded from the study due to the fact that its CNR requirements are too high to be achieved in mobile reception conditions.
	DVB-T2 Parameters

	Bandwidth
	8 MHZ

	Extended Mode
	No

	FFT size
	2K, 4K, 8K, 16K, 32K

	Pilot Pattern
	PP1, PP2, PP3, PP4, PP5, PP6, PP7

	Modulation scheme
	QPSK, 16 QAM, 64 QAM

	Code Rate
	1/2, 2/3

	Guard interval
	1/128, 1/32, 1/16, 1/8, 1/4

	Time interleaving
	From 0 ms to 90 ms

	FEC size
	16200, 64800

	Rotated Constellations
	On

	PAPR reduction
	Off

	HEM
	On

	Number of PLPs
	1

	L1 Modulation
	BPSK

	L1 Repetition
	Off

	Channel model

	Channel model
	TU6

	Doppler frequency

(Corresponding speed at  RF 600 MHz)
	2.5 Hz, 5Hz, 10 Hz, 33 Hz, 40 Hz, 80 Hz

(4,5 km/h, 9 km/h, 18 km/h, 60 km/h, 72 km/h, 144 km/h)


Table I: Simulation Parameters.

	
	32K
	16K
	8K
	4K
	2K

	PP7
	1/128
	1/32
	1/32
	1/32
	1/32

	PP6
	1/32
	1/32
	---
	---
	---

	PP5
	---
	1/16
	1/16
	1/16
	1/16

	PP4
	1/16
	1/16
	1/16
	1/16
	1/16

	PP3
	---
	1/8
	1/8
	1/8
	1/8

	PP2
	1/8
	1/8
	1/8
	1/8
	1/8

	PP1
	---
	1/4
	1/4
	1/4
	1/4


Table II: Guard Interval values selected for each FFT size and pilot pattern combination.
2.2 CNR threshold performance in mobile reception
This section focuses on the CNR degradation caused by the Doppler frequency, i.e. the receiver speed. In the tests, the FEC size is 64K and the time interleaving duration is between 70 ms and 80 ms (TI type=0, TI length=3). Figure 2a shows the results for different pilot patterns with the 4K FFT size, which can be considered as a compromise value between capacity and robustness against ICI. In Figure 2b, the study focuses on the influence of the FFT size with pilot pattern PP2, which provides the best performance according to Figure 2a. The highest CNR value obtained in the figures for each configuration corresponds to the maximum tolerated Doppler when no external noise is added in the channel simulator. In that situation, the internal noise of the receiver is the main noise source, and the CNR value has been estimated to be around 33 dB. The CNR threshold values are also calculated for the TU6 channel without Doppler and for the Gaussian channel (Table III).  It should be pointed out that the values corresponding to the Gaussian channel are higher than the simulation results provided in the Implementation Guidelines for DVB-T2, and therefore, they can be used as a reference to define the implementation loss of the hardware setup used in the tests.
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a) FFT size 4K.
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b) Pilot Pattern PP2.


Figure 2: Minimum CNR vs. Doppler for code rate 1/2.
	
	
	Gaussian Channel
	TU6 0 Hz

	
	
	32K
	16K
	8K
	4K
	2K
	32K
	16K
	8K
	4K
	2K

	QPSK
	PP7
	1.4
	1.4
	1.5
	1.6
	1.7
	3.3
	3.2
	3.3
	3.5
	3.6

	QPSK
	PP6
	1.5
	1.3
	
	
	
	3.5
	3.0
	
	
	

	QPSK
	PP5
	
	1.4
	1.5
	1.7
	1.7
	
	3.1
	3.2
	3.4
	3.6

	QPSK
	PP4
	1.4
	1.4
	1.5
	1.5
	1.6
	3.4
	3.2
	3.2
	3.4
	3.4

	QPSK
	PP3
	
	1.5
	1.5
	1.7
	1.7
	
	3.4
	3.4
	3.4
	3.6

	QPSK
	PP2
	1.4
	1.5
	1.5
	1.5
	1.7
	3.4
	3.3
	3.5
	3.5
	3.6

	QPSK
	PP1
	
	1.5
	1.8
	1.7
	1.9
	
	3.6
	3.7
	3.7
	3.8

	16QAM
	PP7
	6.5
	6.5
	6.5
	6.5
	6.6
	8.6
	8.7
	8.8
	8.9
	9.0

	16QAM
	PP6
	6.5
	6.6
	
	
	
	8.7
	8.7
	
	
	

	16QAM
	PP5
	
	6.5
	6.5
	6.6
	6.6
	
	8.7
	8.8
	8.9
	9.1

	16QAM
	PP4
	6.6
	6.5
	6.6
	6.6
	6.6
	8.7
	8.6
	8.7
	8.9
	8.8

	16QAM
	PP3
	
	6.5
	6.6
	6.6
	6.6
	
	8.8
	8.9
	8.9
	8.9

	16QAM
	PP2
	6.5
	6.6
	6.6
	6.6
	6.6
	8.7
	8.8
	8.8
	8.9
	8.9

	16QAM
	PP1
	
	6.6
	6.6
	6.6
	6.6
	
	9.0
	8.9
	9.0
	9.0

	64QAM
	PP7
	10.9
	10.9
	11.0
	11.0
	11.0
	13.1
	13.1
	13.2
	13.2
	13.4

	64QAM
	PP6
	10.9
	10.9
	
	
	
	13.0
	13.2
	
	
	

	64QAM
	PP5
	
	11.0
	10.9
	10.9
	11.0
	
	13.1
	13.1
	13.3
	13.3

	64QAM
	PP4
	10.9
	10.9
	11.0
	11.0
	10.9
	13.1
	13.1
	13.1
	13.2
	13.2

	64QAM
	PP3
	
	11.0
	10.9
	11.0
	11.0
	
	13.2
	13.3
	13.5
	13.5

	64QAM
	PP2
	11.0
	10.9
	11.0
	10.9
	11.0
	13.1
	13.2
	13.2
	13.2
	13.3

	64QAM
	PP1
	
	11.0
	10.9
	11.0
	11.0
	
	13.2
	13.3
	13.3
	13.3


Table III: Minimum CNR (dB) in Gaussian and TU6 (no Doppler) Channels for code rate 1/2
It can be seen in Figure 2 that lower CNR values are obtained as the Doppler increases. This is caused by the lower correlation of the fast fading channel in combination with the time interleaving. However, the CNR drastically increases near the maximum allowed Doppler. The chosen pilot pattern has less influence in the CNR results than the FFT size for medium Doppler values, but both are determinant for the maximum Doppler that is supported by the system (see next section). On the other hand, there is no noticeable influence of the pilot pattern and the FFT size for stationary channels (Table III), even in the case of the configuration with 2K, PP7 and guard interval 1/32, where the duration of the guard interval (7 μs) is close to the delay spread of TU6 channel. Finally, there is a significant increase in the CNR values when comparing the TU6 channel with no Doppler and the TU6 channel with 2.5 Hz of Doppler.

2.3 Influence of FFT size and Pilot Pattern in maximum Doppler allowed
The maximum Doppler spread that is supported for different combinations of FFT size, pilot patterns and MODCOD has been measured in order to identify the influence of these parameters in the mobile performance of DVB-T2 (Figure 3). In these tests, the FEC size is 64K and the time interleaving duration is between 70 ms and 80 ms (TI type=0, TI length=3).
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Figure 3: Maximum tolerable Doppler.
The results show that even pilot patterns (PP2, PP4 and PP6), which contain a pilot carrier in every second OFDM symbol, achieve better performance than odd pilot patterns (PP1, PP3, PP5, PP7), in which the pilot carrier is present in one out of four symbols. For example, comparing pilot patterns PP1 and PP2, which introduce the same overhead (8.33%), the maximum Doppler with PP2 pattern doubles the one with PP1. Similar results are obtained when comparing FFT sizes. As the FFT size is increased by a factor of two, the maximum Doppler is reduced by the same factor. The overhead added by the FFT size is related to the guard interval duration. If the guard interval duration is fixed, then the overhead is doubled when the FFT size is reduced by a factor of two. Therefore, these parameters should be selected as a trade-off between capacity and robustness against Doppler effects.

2.4 Influence of Time Interleaving in CNR threshold
Figure 4 shows the influence of time interleaving in the minimum CNR that is required in six different Doppler scenarios. These measurements have been carried out using a DVB-T2 mode with 4K FFT, PP2, QPSK 1/2 and guard interval 1/8. In these tests, a FEC size of 16K has been selected and the time interleaving varies from 0 ms to 90 ms. The different interleaving values have been obtained by dividing the T2 frames in several interleaving blocks of desired interleaving length. Longer interleaving times are not allowed for this configuration with a single PLP due to the limited amount of TDI memory in receivers. 
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Figure 4: Minimum CNR vs. interleaving time for 4K, PP2, QPSK, 1/2.
The results in this case show that mobile reception improves with longer values of time interleaving. Moreover, it can be observed that, as the interleaving duration increases, the performance gain of time interleaving is larger in high Doppler scenarios. In order to achieve larger gains in the low Doppler scenarios, the interleaving duration should be increased beyond 90 ms by means of time sub-slicing.[image: image7.png]
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