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Abstract – This paper summarises the results of several sessions of 
measurements executed in the context of the research project 
named “J-ORTIGIA”. The scope of the project was to validate all 
kinds of hybrid reception supported by the DVB-SH able to 
counteract fading in satellite and terrestrial environments. The 
results of the measurements have also contributed to the 2nd issue 
of the DVB-SH Implementation Guidelines.  
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I.  INTRODUCTION 

The recent availability of two professional receivers 
supporting all DVB-SH profiles has allowed, for the first time 
in the young history of DVB-SH, a comparative session of 
measurements within J-ORTIGIA project. Thanks to ESA 
support, it was possible liaising on-field measurements focused 
project (J-ORTIGIA) with chipset design projects (ITT5507). 
Most significant results on some sessions of measurements, 
taken by the J-ORTIGIA team, are presented in this paper. 

The main target of J-ORTIGIA project was to reach a 
complete and flexible measurement setup that was fully 
compliant to DVB-SH and able to support the outstanding 
configurations among all possible combinations contained in 
the standard. 

DVB-SH [1][2]is the technical standard designed to deliver 
optimised broadcasting of mobile radio, TV and data content to 
small handheld devices such as mobile cell phones, and to 
vehicle-mounted devices in S-Band. The standard inherits the 
experience of DVB toolkit (DVB-H is considered as its 
terrestrial ancestor) and ETSI family’s standards (in particular 
ESDR [13][14][15], an improved version of early US-based 
Digital Radio Broadcasting systems). 

After its approval from DVB steering board in February 
2007 and its publication from ETSI in March 2008, DVB-SH 
has reached a technical maturity in terms of consolidated 
specifications and equipment availability at both transmitting 
and receiving side. DVB-SH is optimized for operation in a 
frequency range between 1 and 3 GHz (typically S-Band 
Frequencies around 2.2 GHz adjacent to the 3G terrestrial 
frequencies), both in a satellite only and in a hybrid network 
mode using Complementary Ground Components (CGC). 

The key feature of DVB-SH is the fact that it is a hybrid 
satellite/terrestrial system that will allow the use of a satellite to 
achieve coverage of large regions or even a whole country. In 
areas where direct reception of the satellite signal is impaired, 
and for indoor reception, terrestrial repeaters are used to 
improve service availability. 

The hybrid mode may use OFDM over satellite with on-
channel CGC in OFDM (mode SH-A-SFN [Single Frequency 



Network]) as well as single carrier modulation (TDM) for the 
satellite and multi-carrier modulation (OFDM) for the 
terrestrial signal (mode SH-B-CC [Code Combining])1. The 
trade-off analysis for applicability of the two modes is not in 
the scope of this paper.  

Hybrid transmission systems based on DVB-SH offer high 
flexibility and wide parameter ranges to allow various trade-
offs between overall system capacity, Quality-of-Service 
(QoS), delay, and share between common and local content. 
The main element of the technical solutions proposed to 
counteract the difficult Land Mobile Satellite (LMS) channel is 
the combination of long interleaving and FEC on Physical 
Layer (PL), called Class-2 techniques. Instead in Class-1 
terminals, the PL interleaver length is limited to 200 ms and the 
slower shadowing/blockage protection is provided by MPE-
IFEC. Within the DVB-SH group, most of the performance 
analysis was done by extensive simulations, adopting a set of 
agreed LMS time series synthetically generated using the LMS 
Fontan channel model [6] and making particularly assumptions 
on the demodulator behaviour.  

II. J-ORTIGIA PROJECT OUTLINE 

The J-ORTIGIA project is the follow up of the successful 
ESA project named ORTIGIA, focused on studying and 
validating the technical and business feasibility of launching a 
family of Mobile Satellite Services (MSS) using new satellite 
resources in S-Band.  

With the financial support of ESA and Solaris Mobile Ltd2., 
J-ORTIGIA intended to carry out on-field trials and testing 
activities aiming at demonstrating and optimizing the 
performance of the DVB-SH standard for provision of 
broadcasting services to vehicular and handheld terminals in a 
cost-effective way by the interworking of satellite systems with 
terrestrial networks.  

The project takes advantage of the availability of W2A 
satellite as in-kind contribution of Solaris Mobile Ltd. With its 
~61dBW irradiated power over the area of trials (Figure 1. ), it 
was possible to take reliable values of service availability for 
vehicular terminals. 

  

Figure 1.  Expected satellite coverage over Pisa area 

                                                           
1 SH-A is also possible in MFN. So far, this profile is not supported in terms 
of equipment availability, and then it will not be considered in the rest of the 
paper. 

2 Solaris Mobile Ltd., a joint venture between Eutelsat and SES-Astra was set 
up in 2008 to develop next generation mobile communication services. 

Thanks to the simultaneous availability of receivers coming 
from two distinct manufacturers coupled in a tailored campaign 
of takes on the field in January 2010, it was possible to 
compare the end-to-end performance in different system 
configurations, namely: 

·  QoS for satellite only (SO), terrestrial only (TO) and 
hybrid networks in dedicated takes; 

·  Different physical layer interleaver configurations; 

·  Class-1 with short physical layer interleaver and 
additional MPE-IFEC vs. Class-2 with long physical 
layer interleaver; 

·  SH-A profile in Single Frequency Network (OFDM 
waveform over both satellite and terrestrial vs. SH-B 
profile using Code Combining (TDM waveform over 
satellite and OFDM waveform in terrestrial link). 

All sessions of measurements have been complemented by 
extensive laboratory emulation campaigns, carried out with the 
receivers used on the field, in order to assess the performance 
of both TDM and OFDM waveforms in particular over a 
satellite channel.  

In the aim of providing reliable results collected on the 
field, J-ORTIGIA has liaised with DVB organisation since 
October 2008 and joined the Validation Task Force [12] group 
of DVB-SH in charge of selecting representative results to be 
added in the new version of the Implementation Guidelines [3]. 
The plain and homogeneous rules defined by this group have 
been timely applied to the J-ORTIGIA measurement setup.  

The objective of reaching a full interoperable setup has 
been also fixed as a key target of J-ORTIGIA, as an 
amendment for the final part of the activity plan.  

III.  TRANSMISSION / RECEPTION SETUP 

This section describes  the end-to-end system deployed for 
J-ORTIGIA measurements. The setup reproduces a hybrid 
network capable to grant a full compatibility with all profiles 
supported by DVB-SH architecture. 

A. Transmission Setup 
The Head-end platform was provided by Solaris Mobile 

through one of its shareholders (Eutelsat) for J-ORTIGIA trials 
as in-kind contribution to the project. 

The transmission chain had the following characteristics 
(see Figure 2. ): 

·  Audio/video encoding (AVC) was based on the 
MPEG4 toolbox (H.264 for video, AAC-LC or AAC-
HE for audio) at constant bit-rate; 

·  RTP encapsulated video streams were transported 
through RTP/UDP/IP over MPEG-TS; 

·  MPE (multi-protocol encapsulation) was applied 
following DVB-SH transport protocol; 



·  Standard MPE-IFEC and interleaver profiles were 
used respectively for Class-1 and Class-2 
configurations. 
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Figure 2.  Transmission setup for SH-B configuration 

B. Reception Setup 

1) Fraunhofer-IIS Receiver 
The DVB-SH receiver developed by the Fraunhofer IIS is 

based on a mobile development platform for testing and 
verification of new receiver and waveform designs. The 
platform is called embedded module for application 
development (EMAD) or, shortly embedded module (EM) 
receiver (see Figure 3. ). 

For the J-ORTIGIA project the receiver was equipped with 
the following features: 

·  S-Band Tuner 

·  Antenna diversity with up to 4 antennas 

·  DVB-SH OFDM and TDM demodulators 

·  Maximum-Ratio-Combining(MRC) 

·  Code-Combining(CC) between OFDM and TDM 
signals 

·  Class-1 and Class-2 decoding capabilities 

The DVB-SH receiver consists of 4 inner physical layer 
(IPL) modules and 1 outer physical layer (OPL) module. 

 

Figure 3.   Fraunhofer IIS EM100 Receiver 

The IPL modules are programmed with either OFDM or 
TDM demodulators. This allows quad antenna diversity with 

only OFDM demodulators for Class-1 or any other variation of 
OFDM and TDM demodulators for Class-2. Both OFDM and 
TDM demodulators provide log-likelihood ratios (LLRs) of the 
demodulated signal. The LLRs are streamed to the OPL 
module for further decoding and processing. 

The OPL module is capable of processing up to 4 different 
LLR data streams coming from the different demodulators on 
the IPL modules. The module provides MRC, de-interleaving, 
turbo decoding with CC, and DVB-SH service extraction. 

The LLR data streams coming from identical demodulators 
are combined using the MRC method. The MRC method 
benefits from the statistically independent signals coming from 
the different antennas. The combined LLRs are de-interleaved 
and then handed over to the turbo decoder. The turbo decoder 
provides additional CC for different OFDM and TDM signals. 
The use of CC takes advantage of the hybrid gain and the 
independent signal sources, providing overall better decoding 
performance. The DVB-SH services in the decoded signal are 
extracted and streamed via Ethernet to any kind of MPEG4 
capable video player. 

2) Sidsa Receiver 
The DVB-SH A/B receiver from Sidsa is a modular, multi-

standard (DVB-T/H/SH) FPGA-based real-time prototyping 
system that is used to validate in the field the functionality and 
performance of the demodulator chipset and IP (Intellectual 
Property). 

The real-time prototype is divided in two main parts: 

·  The main board, built around a Virtex-5 LX330 FPGA, 
contains the digital part of the demodulator. It also 
contains the external memories needed for Class-2 de-
interleaver, along with the ARM7 main processor and 
the interfaces with the host. 

·  The RF board contains a multi-band (UHF, S-Band) 
NXP tuner. 

For the J-ORTIGIA field trials, the demodulator contains 
two RF boards and two main (digital) boards where the whole 
receiver is mapped. The ARM7 processor subsystem adds 
flexibility to the receiver and controls the reception process.  

The receiver supports the entire DVB-SH standard features: 

·  Class-1 and Class-2 de-interleaver profiles. 

·  SH-A, either MFN or SFN configurations. In SFN 
configuration, MRC antenna diversity is supported. 

·  SH-B, with Code-Combining between TDM and 
OFDM signals. 

·  MPE-IFEC processing is also performed by the 
demodulator. 

·  SH-B with code-combining and MRC antenna 
diversity of 2 could be supported by interconnecting 
several receivers for a total of 4 receiving antennas. 

The receiver has several interfaces for interconnection: 

·  Ethernet Interface for Service streaming; 



·  USB interface for service streaming and 
demodulator control; 

·  ASI interface for transport stream; 

·  SPI and/or SDIO for service streaming and 
control. 

 

Figure 4.  Sidsa DVB-SH A/B receiver design 

 
Figure 5.  Sidsa Prototyping platform 

3) Antenna characteristics 
The automotive S4B DVB-SH antenna designed by Calearo 

and used during the trials in January 2010 receives the RHCP 
(Right Hand Circular Polarized) signals from the satellite 
network and the VP (Vertical Polarized) signals from the 
terrestrial network. The TABLE I. reports the technical 
parameters. 

TABLE I.  CALEARO S4B ANTENNA CHARACTERISTICS 

 
Parameters Value 
Current absorption 200 mA max (typ. 145 mA) 

Frequency range 2170-2200 MHz 

LNA Gain measured 4m ext. cable Typ. 32,5 dB 

LNA Noise Figure Typ. 1.1 dB ; Max 1.5dB @ 25°C 
Output Impedance 50 Ohm 

Output VSWR  VSWR < 2 :1 in whole range 

Passive antenna gain 0 dBic @30° (satellite) 

+1 dBic @zenith (satellite) 

-5dBi @0° (terrestrial) 
G/T typ. -21,5 dB/ºK 

LNA Input P1dB compression 
point (in-band) 

typ. -18 dBm 

 

In particular the main effort of the antenna was the 
optimisation of the G/T value (-21.5 dB/°K) able to receive 
satisfactory RHCP signals. 

According to the automotive constrains, in order to foresee 
in the design and validation phase the vehicle roof behaviour, a 
“one meter in diameter” ground plane, as in [11] has been used 
for the antenna validation. 

C. Link Budget for Satellite Transmission 
Due to time-limited availability of satellite, it was possible 

to test only three configurations during the measurement 
session of January 20103. The selected configurations SH-B#2 
in Class-1 and SH-B#1 and SH-B#8 in Class-2 are not fully 
comparable in terms of spectral efficiency and applied 
protection.  

Since previous session of measurements [4] had 
demonstrated the clear advantage of Class-2 vs. Class-1 
receivers, it has been decided, in this session, to assign more 
challenging receiving conditions, in terms of higher system 
throughput and lower interleaver protection (see TABLE II. ), 
to Class-2 configurations. 

The configuration SH-B#2 (green column in Figure 6. ) 
deals with a Class-1 type, with satellite component configured 
with modulation QPSK and coding rate 1/2 (with a an 
interleaver length of 244 ms), while the CGC part is configured 
with 16-QAM and code rate 1/3 (with an interleaver length of 
122ms). The scheme is complemented by an MPE-IFEC with 
B=17 and S=9 (25s of MPE-IFEC duration), with actual coding 
rate 1/2 4. 

The configuration SH-B#1 (yellow column in Figure 6. ) is 
of Class-2 type, with an interleaver of 5.6s in the satellite 
component and 122ms on the terrestrial one. The satellite 
component is protected by a rate 1/3 code, with QPSK 
modulation, while the CGC is based on a 16-QAM signalling 
and on coding rate 1/5. 

The configuration SH-B#8 (grey column in Figure 6. ) is of 
Class-2 type, with an interleaver of 5.6s in the satellite 
component and 5.1 seconds on the terrestrial one. The satellite 
component is protected by a rate 1/3 code, with 8-PSK 
modulation, while the CGC is still based on a 16-QAM 
signalling and on coding rate 1/3. 

                                                           
3 A larger session of measurements has been performed in April-May 2010. 
Post-processed data will be further presented by J-ORTIGIA team. 

4 This actual code rate has been derived after post-processing, considering the 
padding in the ADT table. It was originally intended to have RLL=2/3. 



 

Figure 6.  Configurations used in January on-field trials 

TABLE II. summarizes the key parameters of the satellite 
transmission used during the test campaign. With a measured 
LOS C/N on the satellite component of around 9dB, the link 
margin denotes the difference between the available C/N and 
the required C/N on AWGN channel5 for identical modulation 
and code rate [3]. 

TABLE II.  DISTRIBUTION OF CODE RATES IN PL AND LL 

Receiver class Modulation RLL 
Spectral 
Efficiency 
(bit/s/Hz) 

Link 
margin 
[dB] 

Class-1 
Sat:QPSK1/2 
Terr:16QAM1/3 1/2 

Sat:<0.67 
Terr:<0.89 8.0 

Class-2 Sat:8PSK1/3 
Terr:16QAM1/3 1 Sat:1 

Terr:1.25 7.5 

D. Terrestrial Network Planning 
For the planning of the complementary terrestrial repeater 

network in the Pisa area coverage, simulations have been 
performed by using a deterministic ray-optical wave 
propagation model. As input for the coverage prediction model 
the 3-D building data in vector format has been superposed to 
the terrain profile (topographical data). The ray-optical model 
considers the dominant propagation characteristics as the 
reflection on building walls, the diffraction around corners, the 
shadowing behind buildings, and can be used for both satellite 
and terrestrial transmitters. During the session of interest, the 
complementary ground component (CGC) is composed of 2 
two terrestrial repeaters, both mounted above rooftop level, 
with 50 W power amplifier and use a sector antenna with 
maximum gain of 18.0 dBi and 66° half power beam width, 
oriented towards the city centre. According to the single 
frequency network (SFN) approach the contributions of both 
repeaters (north-east and south-east from Pisa centre) have 
been superposed, leading to the combined terrestrial coverage 

                                                           
5 Theoretical C/N (dB) in AWGN channel for TDM @ BER = 10-5 is 1.1dB 
for QPSK ½ and 1.6dB for 8PSK 1/3. 

(see Figure 7. ), which has been used for the definition of 
measurement routes. 

 

Figure 7.  Expected signal powers for the Superposition of 2 terrestrial 
transmitter in the vicinity of Pisa 

DVB-SH supports a hybrid network topology including 
satellite and terrestrial components. Accordingly the coverage 
area can be distinguished in satellite only, terrestrial only, and 
hybrid coverage. For urban areas the satellite signal is often 
blocked due to obstacles, thus the coverage mainly relies on the 
complementary ground component. The link budget shown in 
TABLE III. derives the maximum allowed path loss in order to 
reach the target coverage. Based on the evaluation of the 
COST-Hata model [16], a maximum cell radius can be derived 
in order to judge about the required repeater density in urban 
areas. 

TABLE III.  TERRESTRIAL LINK BUDGET FOR PISA TRIALS 

Transmitter Low power 
sector 

  

Power amplifier     47.0 dBm a1 

Cable loss & back-off       3.0 dB a2 

Antenna gain      18.0 dB b 

EIRP     62.0 dBm c = a1 – a2 + b 

Radio Channel    

Path loss (max. allowed)          tbd     dB d 

Shadow fading margin     13.1 dB e 

Building penetration loss       0.0  f 

Receiver    

Thermal noise density - 173.8 dBm/Hz g 

Noise figure of receiver       2.0 dB h 

Receiver noise density - 171.8 dBm/Hz i = g + h 

Receiver noise power - 105.1 dBm j= h+10log(4.75e06) 

Required C/N       5.1 dB k 

SFN gain       3.0 dB l 

Min. Rx level at antenna  - 103.0 dBm m = j + k  – l 

Vehicular antenna gain      -2.5 dB n 



����  Path loss allowed   149.4 dB d = c –m –e –f +n 

����  Max cell radius R1       2.9 km ���������	
��
�		
��	���	���	���		
��	�
����	��
� �

E. Measurement Setup 
The configuration of the measurement setup realized with 

the S4B Calearo antenna and the receivers before mentioned is 
reported in Figure 8. . 

 

Figure 8.  Measurement setup for the J-ORTIGIA trials. 

The configuration ensures a simultaneous signal decoding 
from the receivers. Moreover, the final system performances 
are effected by a total of 11,5 dB losses, as further detailed: 

·  Calearo low-loss extension cable, including the 
connectors and the adapter: losses of ~2 dB; 

·  Bias tee: losses of ~0,5 dB; 

·  Signal splitter: losses of ~ 4 dB for each single splitter; 

·  Connection cables, including adapters: losses of ~1 dB. 

IV. SH-B CODE COMBINING 

A. On-field Measurements 

1) Dumping: Architecture, Rules and Strategy 
This section reports on the measurement campaign 

performed in Pisa (Italy) on January 2010. The collected results 
are compared in terms of service availability, with two 
receivers from different manufacturers.  

The Pisa activities are compliant with the rules defined on 
the Test Methodology document of DVB-SSP Validation Task 
Force [12]. A common dumping architecture was foreseen for  
the receivers used during the Pisa trials. As showed in the 
Figure 9. , each receiver provides the output data to a 
centralized server that handles them in parallel with the data 
extracted from a GPS receiver, from a gyroscope system and 
from a fish-eye camera. 

 

Figure 9.  Overall dumping architecture 

2) Routes description  
Two routes have been selected in order to analyze all 

possible environments: urban, sub-urban, highway and rural. 

Route1, depicted in Figure 10. , is mainly devoted to the 
performance assessment in urban and sub-urban scenarios. 
Most of the route is located in the city of Pisa. Part A, which is 
the first and the last part of the route, is characterized by an 
open sub-urban environment on the north-south axis. Part B 
passes through a sub-urban area, with a travelling direction 
which is mostly east-west. Parts C and D are urban areas. Part 
E deals with a route on the west-east axis, in a tree alley (no 
foliage in winter). 

 

Figure 10.  Route1 of the Pisa trials 

3) Service Availability – ESR5(20) 
Most of the valid results are derived from measurements 

done along Route1 and concentrated in the days from 
17.01.2010 to 20.01.2010, where three configurations, SH-
B#1, SH-B#2 and SH-B#8 (see Figure 6. ), have been tested. 

Tests have been carried out with 3 different network 
topologies: satellite only (with CGC switched on), terrestrial 
only, and code combining. 

A summary of test results in terms of service availability 
(ESR5(20) criterion [10]) of the two receivers in different 
sessions is provided in TABLE IV.  

 

 



TABLE IV.  AVERAGE VALUES OF SERVICE AVAILABILITY FROM ON -
FIELD MEASUREMENTS IN JANUARY 2010 

Average 
values 

SH-B#1 
(Class-2) 

SH-B#2 
(Class-1) 

SH-B#8 
(Class-2) 

Spectral 
Efficiency 

~0.5 
b/s/Hz 

~0.5 b/s/Hz ~1 b/s/Hz 

Terrestr 
only 

97% 71% 66.5% 

Sat only, 
CGC on 

59% 52% 40% 

Code 
combining 

98% 94% 90% 

Detailed 
results 

Receiver 
1 

Receiver 1 Receiver 
2 

Receiver 1 Receiver 
2 

Terrestr 
only 

97% 72% 70% 68% 65% 

Sat only, 
CGC on 

59% 55%/48% 54%/52% 39% 40% 

Code 
combining 

98% 94%/95%/93% 95% 89%/91%/90% 90% 

The SH-B#1 configuration results the most solid 
configuration in hybrid reception where it reaches 98% of 
service availability. 

For SH-B#2 configuration, service availability close to 95% 
is achieved in hybrid reception, while a terrestrial only 
reception provides roughly 72%.  

For SH-B#8 configuration, a service availability of 90% is 
achieved thanks to code combining, while in the terrestrial only 
case it does not exceed 70%.  

In TABLE V. a summary of the service availability in 
different environment on Route 1 is presented. 

TABLE V.  DETAILED RESULTS IN TERMS OF ESR5(20) IN 
DIFFERENT ENVIRONMENT ON ROUTE 1. 

Env SH-B#1 (Class-2 ) SH-B#2 (Class-1 ) SH-B#8 (Class-2) 
 SO TO CC SO TO CC SO TO CC. 

A1 70% 100% 100% 65% 100% 100% 93% 99% 100% 
B 56% 100% 100% 45% 100% 100% 17% 63% 83% 
C 62% 35% 100% 77% 35% 100% 58% 36% 93% 
D 31% 67% 72% 26% 66% 72% 20% 52% 79% 
E 74% 100% 100% 18% 100% 100% 32% 100% 100% 

A2 47% 100% 100% 60% 100% 100% 79% 100% 100% 

 
The position of the terrestrial repeaters provides good 

coverage of the sub-urban (A1, B, and A2) and intermediate 
tree shadowed areas (E) in both directions (north-south and 
east-west). The presence of high buildings and narrow streets 
do not permit an optimal coverage of the urban area (C and D). 
The ESR5(20) results match with the radio planning prediction 
of the trials area (see Figure 7. ). 

The satellite component, instead, seems to suffer mostly in 
the parts of the route which are developed along the east-west 
axis (B, D and E). Interestingly, in areas where neither the 
satellite component nor the CGC alone can provide coverage, 
their combination is successful. 

The impressive matching of ESR5(20) values between two 
different receivers shows the excellent work done from the 
receiver makers and makes results more reliable. 

B. Code Combining gain 
The January trials confirm the advantage brought by the 

hybrid coverage of DVB-SH systems. Satellite and terrestrial 

coverage not only prove to be quite complementary, but, 
moreover, the hybrid code combining mechanism allows 
receiving the signal in areas where neither the satellite nor the 
terrestrial signal is correctly received. 

The role of code combining is especially visible in the SH-
B#8 (Class-2) configuration. In the image below (see Figure 
11. ) a part of the route (urban environment) has been 
highlighted where both the terrestrial only and the satellite only 
coverage are not sufficient to fulfil the ESR5(20) criterion. 
Also, the plot of errors at transport stream level plotted over the 
time shows time interval where code combining is giving a 
clear gain in the system through error recovering (see red 
rectangle across three Burst Error Flag graphs in the right part 
of Figure 11. ) 

 

Figure 11.  Role of code combining. SH-B#8 configuration. Terrestrial only 
(top), Satellite only (mid), Code combining (bottom). 

C. Post-processing analysis 

1) Propagation  vs.measured C/N values 
The Figure 12. shows the comparison between the 

predicted and measured C/N values of the satellite signal along 
Route1. 



 

Figure 12.  Propagation and Measured C/N values from Satellite signals 

The plot corresponds to the section in the Pisa city centre 
(labelled with ‘D’ in Figure 10. ). Accordingly, there are 
frequent notches of the measured signal due to the shadowing 
by buildings, which are in good agreement with the ray tracing 
prediction evaluating the 3D vector data of buildings. Possible 
reasons for the given differences are missing obstacles in the 
map data as e.g. vans and trees, and furthermore the leakage of 
the active CGC in the satellite band reducing the C/N. 

 

Figure 13.  Propagation and Measured C/N values from Terrestrial signals 

2) Laboratory vs. Trials results in Satellite only 
With an accurate analysis, it has been observed that results 

of physical layer simulations (extracted from Table 11.30 in 
[3].) cannot be directly compared with measured results taken 
in January 2010, due to the different parameters used on the 
field with respect to the simulated ones: lower EIRP provided 
by the W2A satellite, higher spectral efficiency, and shorter 
physical layer interleaver (5s instead of 10s) on the field. 

In order to show a representative matching between 
Expected vs. Measured results, the post-processing of some 
dumps of the final measurement campaign (done in April 
2010) have been anticipated, while some laboratory results 
have been extracted from the chapter A.13.1.2 of the DVB-SH 
IG document [3]. The laboratory results were performed in 
intermediate tree shadowing (ITS) and sub-urban (SU) 
environments for a vehicular terminal with Class-1 and Class-
2configurations.  

Although there are still some differences between 
laboratory and the trials configurations, comparison is feasible. 
The compared configurations are listed in TABLE VI.  

TABLE VI.  TRIAL AND LABORATORY CONFIGURATIONS. 

Name January Trials 
(JAN) 

April Trials   
(APR) 

Laboratory  

SH-B#1 QPSK-1/3 U 5.6 s QPSK-1/3 U 10.9s QPSK-1/3 U 9s 

SH-B#2 QPSK-1/2 S 

+ IFEC rate 1/2 

QPSK-1/2 Short 

+ IFEC rate 2/3 

QPSK-1/3 eq 

16QAM-1/3 eq. 

16QAM-1/4 eq. 

SH-B#8 8PSK-1/3 U 5.6s  8PSK-1/3 U 9.2s 16QAM-1/3 U 9s 

16QAM-1/4 U 9s 

 

Class-1 configurations are referred as physical layer 
configuration equivalent with MPE-IFEC code rate embedded 
into the physical code rate protection. 

TABLE VII.  CLASS-1 EQUIVALENT CONFIGURATIONS USED TO 
OBTAIN LABORATORY RESULTS 

Name Class1 configuration 

QPSK-1/3 eq. QPSK-1/2 Short + iFEC rate 2/3 

16QAM-1/3 eq. 16QAM 1/2 Short + iFEC rate 2/3 

16QAM-1/4 eq. 16QAM 2/5 Short + iFEC rate 2/3 

 

TABLE VIII. shows the obtained ESR5(20) values over 
measured C/N in SU environment respectively in January 
(JAN) and April (APR) sessions. These data are mapped as 
well over the laboratory curves in Figure 14. for SH-B#2 and 
Figure 15. for SH-B#1 and #8. 

TABLE VIII.  MEASURED ESR5(20) VALUES IN SU ENVIRONMENT  

SU SH-B#1 SH-B#2 SH-B#8 
C/N 

[dB] 
Point 

JAN 56.45 %   7.4 J1 

JAN 29.98 %   ~3.46 J2 

APR 89.53 %   7.87 A1 

APR 89.14 %   7.87 A2 

JAN  66.3 %  7.67 J3 

JAN  58.91 %  7.33 J4 

JAN  45.09 %  7.33 J5 

APR  70.48 %  8.8 A3 

APR  49.18 %  8.8 A4 

JAN   46.66 % 7.6 J6 

JAN   55.39 % 7.6 J7 

JAN   68.94 % 7.6 J8 

APR   67.01 % 9.89 A5 

APR   80.82 % 10.05 A6 

APR   89.81 % 10.05 A7 

                                                           
6
 4dB of attenuation was applied to the RX antenna in order to emphasize the 

code combining gain on that session of measurement 



APR   85.08 % 10 A8 

APR   85.75 % 10 A9 

 

Figure 14.  Laboratory curves and trials results for SU environment in Class-1 
with different configuration. 

 

Figure 15.  Laboratory curves and trials results for SU environment in Class-2 
with different configuration. 

TABLE IX. summarises the obtained ESR5(20) values over 
C/N measured in ITS environment respectively in January 
(JAN) and April (APR) sessions. These data are mapped over 
the Laboratory curves for different configuration in Figure 16.  
for SH-B#2 and in Figure 17. for SH-B#1 and SH-B#8. 
January results were not representative since the foliage impact 
was marginal on that season. On the other side, April 
measurements give reasonable results that can be compared 
with the laboratory results. 

TABLE IX.  MEASURED ESR5(20) VALUES IN ITS ENVIRONMENT 

ITS SH-B#1 SH-B#2 SH-B#8 C/N 

[dB] 

Point 

JAN 74.25 %   6.5 J1 

JAN 8.43 %   2.56 J2 

APR 61.05 %   7.07 A1 

APR 60.45 %   7.07 A2 

JAN  18.43 %  6.39 J3 

JAN  8.75 %  6.2 J4 

JAN  10.49 %  6.2 J5 

JAN   4.49 % 6.72 J6 

JAN   5.47 % 6.72 J7 

APR   4.26 % 8.24 A6 

 

Figure 16.  Laboratory curves and trials results for ITS environment in Class-1 
with different configuration. 

 

Figure 17.  Laboratory curves and trials results for ITS environment in Class-2 
with different configuration. 

The analysis of measured vs. laboratory results highlights the 
following encouraging behaviours recorded on the field with 
respect to expectation coming from laboratory activities. 
·  Class-1 configuration (SH-B#2) underperforms in SU7 

environment of 1.5-2dB compared with laboratory curve 
(J3, J4, J5 green points vs. yellow curve in Figure 14. ). In 
the ITS environment, the measured results are aligned 
with the QPSK1/3-equivalent curve (J3, J4, J5 green 
points in yellow within Figure 16. ). It should be noted 
that the comparison is done in the left region of the curves 
where low ESR5(20) values come from limited C/N 
values (6-6.5 dB), this makes the matching less 
representative. 

·  For both Class-2 configurations (SH-B#1 and SH-B#8) 
the performances recorded on the field are in line with the 
expected laboratory curves. 
SH-B#8 (1 bit/s/Hz as spectral efficiency) values recorded 
in January follows the 16QAM-1/4 (1 bit/s/Hz as SH-B#8) 
(J6, J7, J8 green points close to violet curve in Figure 15. 

                                                           
7 The extracted sub-urban parts of the route during the trials were heavily 
affected by several traffic lights and penalised by the east-west direction of the 
portion B of the route (see Figure 10. ) 



); while SH-B#8 values collected in April follow the 
16QAM-1/3 (1.33 bits/s/Hz) in SU environment with an 
remarkable gain in terms of system capacity (A5, A6, A7, 
A8, A9 green points vs. yellow curve in Figure 15. ); the 
few and poor ESR5(20) values for ITS (J6, J7, A6 green 
points in Figure 17. ) prevent a clear assessment in ITS.  
The configuration SH-B#1 reaches 90% of ESR5(20) at 
7.8 dB on the field vs. 6dB of laboratory results (A1, A2 
green points vs. light blues curve in Figure 15. ); in the 
ITS environment instead, the measured results of SH-B#1 
configuration present a gain 2-2.5dB compared to the 
laboratory curve on QPSK 1/3 (J1, J2, A1, A2 green 
points vs. yellow curve in Figure 17. ). 

 

The outcome of the comparison confirms the reliability of 
results taken on the field. The gap of ±2dB, between measured 
and laboratory values, is explained as a consequence of the 
statistical channel models used in laboratory activities that can 
be significantly different of a real environment. These 
differences in the channel modelling are particularly visible in 
the SU environment (Figure 14. and Figure 15. ). The sub 
urban scenario analysed in J-ORTIGIA is characterised by the 
presence of narrow streets and traffic lights where the satellite 
was shadowed: this has penalised the ESR5(20) values in from 
satellite in those environments. 

D. General Conclusions 
The data collected in January have revealed, once more, the 

significant contribution of the satellite signal, not only in rural 
and open areas, but in urban scenarios as well. Several takes 
have demonstrated the situation depicted in Figure 11. where, 
through the code combining mechanism, the satellite and 
terrestrial components are providing an error-free sequence 
where a terrestrial only coverage was affected by several 
service outages. 

Results presented in this paper are currently used as 
technical basis for the commercial deployment of the service 
by Solaris Mobile and its partners. Furthermore in the study of 
the follow-on satellite, Solaris Mobile intends to fully exploit 
indications from J-ORTIGIA for the system requirements of 
future S-Band satellite payloads.  

V. FUTURE ACTIVITIES 

An extensive session of measurements has been run by the 
J-ORTIGIA team in January and April-May 2010. More than 
65 takes recorded in that period have targeted six distinct SH 
configurations (SH-A and SH-B) tested in a hybrid system 
where satellite and terrestrial signals were synchronised to 
provide either a single frequency network or a code combined 
mechanism. 

The post-processing phase of the collected data is currently 
on-going and will allow to carry out a series of comparative 
exercises and provide clear indications for the service operator. 

All outstanding outcomes of this further activity will be 
published either on the DVB reflector or through dedicated 
future publications managed by the J-ORTIGIA team. 
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