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Abstract. In this paper some simple cooperative relaying strategies
which rely on the exploitation of the Delay Diversity technique and
the Maximal Ratio Combining (MRC) receive diversity algorithm are
proposed for a DVB-SH compliant hybrid satellite/terrestrial network.
These strategies are investigated in a public emergency scenario where
the adoption of an integrated heterogeneous network combined with the
cooperative diversity techniques guarantees the connection between the
incident area and the external areas: particularly, the drawbacks of the
Non-Line-Of-Sight (NLOS) propagation are mitigated. The NAV/COM
capabilities of the cooperative DD algorithm in a DVB-SH Single Fre-
quency Network (SFN) are discussed, highlighting the suitability of these
schemes in emergency situation management. A comparison analysis of
the proposed schemes is performed, describing the assumptions required
and the simulation results with respect to the satellite-only and the
terrestrial-only cases.

Keywords: NAV/COM System, Cooperative, Satellite/Terrestrial
network, Emergency Communication, Delay diversity, Maximal Ratio
Combining.

1 Introduction

In the last few years the increasing number of natural or antrophic disasters
pushes the scientific communities to further investigate the research topic of
communications and networking technologies for public safety and security. In
the provision of emergency telecommunication facilities, particular attention has
been given to the integration of satellite and terrestrial segments with the goal
to exploit the complementary capabilities of both systems and overcome the
drawbacks of each scheme [24] [2] [22].

The integration of satellite and terrestrial segments is required for both com-
munication and navigation systems:

- Communication system: The satellite can complement the terrestrial net-
works while the gap fillers allow the communication with an end-user whose
satellite link is characterized by bad channel condition.
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- Navigation system: a GPS NLOS visibility receiver can achieve navigation
capabilities through the exploitation of satellite and terrestrial cooperation.

Together with the integration of satellite and terrestrial components, also the
integration of navigation and communication systems can be seen as one of the
main needs for the emergency network [13]. The NAV/COM capabilities allow
the exploitation of both navigation information for communication purpose [19]
(optimization of communication techniques, interference reduction and location-
based information services delivery) and communication supports for navigation
purpose [16] (cooperative localization techniques, high precision achievement).

Therefore an efficient emergency rescue management is based on the fast im-
plementation of an integrated satellite-terrestrial NAV/COM network, which
enables the Emergency Control Centre (ECC) to properly coordinates the res-
cue teams interventions.

In this paper we study hybrid satellite/terrestrial cooperative relaying strate-
gies which can be adopted in public emergency situations with the aim of guar-
anteeing communication between the emergency area and the external areas.

Simple and suitable solutions to overcome the performance loss of the NLOS
environment are analysed. In particular we propose the combination of the hy-
brid satellite/terrestrial network OFDM-based proposed by the DVB-SH stan-
dard (SH-A Architecture) with the Cooperative Delay Diversity (DD) relaying
technique [18] [8] [17] [7] [5]. Moreover, we analyse the adoption of the MRC re-
ceive diversity scheme together with the Cooperative Delay diversity technique
with the aim of guaranteeing a more robust communication link. Finally to high-
light the importance of a NAV/COM satellite/terrestrial network for emergency
management we briefly address the double-use capabilities of the proposed sys-
tem for communication and navigation purposes.

2 System Model: Hybrid Satellite/Terrestrial
Cooperative Relaying Network

The basic building blocks of a satellite/terrestrial cooperative relaying system
are the following: the Satellite Component (SC), the Complementary Ground
Component (CGC) and the receiver (D), acting as the source, the relay and the
destination respectively.

Analysing a single frequency network (SFN) we combine the hybrid cooper-
ative relaying scheme with the Delay Diversity technique in order to cope with
the NLOS propagation condition through the exploitation of the channel prop-
agation properties.

The system model, which has been considered in this paper, is depicted in
Fig.1. In particular two different types of cooperative-relay nodes are considered:

- CGC-Gap Fillers (CGC-GFs) which process the received signal according to
the Amplify and Forward (AAF) algorithm.

- CGC-Transmitters (CGC-TXs) which complement the satellite reception in
those areas where the satellite coverage is not guaranteed.
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Fig. 1. Hybrid satellite/terrestrial N-Relay Cooperative Delay Diversity system with
different types of CGCs: GFs (Gap Fillers) and TXs (Transmitters)

Both cooperative nodes can be seen as relays between the satellite or the broad-
cast distribution network and the destination node.

2.1 Hybrid Cooperative Delay Diversity Algorithm

In a satellite/terrestrial cooperative relaying network, where Ngf relays act as
gap fillers and NC relays are directly connected to the broadcast distribution
network, (Ngf+Nc+1) different faded and delayed copies of the same information
data arrive at the destination node. The delay diversity gain is achieved through
the increase of the delay spread of the channel, and, therefore, the raise of the
frequency selectivity [25].

In order to describe the delays of the DD technique, we analyse separately the
two different types of CGCs involved in the cooperative network. In particular
we assume as a reference the propagation delay (δ0) of the signal through the
direct path (from SC to D).

CGC-Gap Filler Delays. Denoting as δi the propagation delay of the signal
of the indirect path from SC to D through CGC-CF-i (with i = 1, .., Ngf ), since
d(SC,CGC(GF )−i) � d(SC,D), the delays (δCGC(GF )−i) of the DD scheme are:

δCGC(GF )−i = δi − δ0 � d(CGC(GF )−i,D)

c
, c = speed of light. (1)
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Therefore, the DD technique can be seen as a natural cooperative-relaying trans-
mission: in fact, no additional operation is required at the destination node. In
order to keep the complexity low, each gap filler can work according to the Am-
plify and Forward algorithm, amplifying and retransmitting the received signal.

Nonetheless, some simple operations have to be considered; in fact to make a
gap-filler simultaneously receive and retransmit the signal a frequency conversion
is needed. According to the DVB-SH standard the satellite transmits the same
signal to D and CGC on different frequencies: in fact, the link SC-D is in Ka-
Band, while the link SC-CGC is in L-Band. Therefore the gap filler amplifies
and retransmits the received Ka-Band signal after converting into L-Band. In
this way different delayed L-band copies of the signal arrive at D, allowing the
implementation of the DD technique in a hybrid satellite/terrestrial network.

CGC-Transmitters Delays. Assuming a synchronization condition between
both types of CGCs (SFN network) the delays of the CGCs which are directly
connected to the distribution network are the effective propagation delays be-
tween the CGC-TX-z (with z = 1, ...Nc) and the destination:

δCGC(TX)−z =
d(CGC(T X)−z,D)

c
(2)

Therefore, both the delays of the signals coming from the CGC-GFs and the ones
coming from the CGC-TXs depend on their position and their mutual distance.

Otherwise, assuming at D a synchronization condition between the signal
coming from the SC and the one coming from the CGCs directly connected to
the distribution network, the cooperative nodes have to delay artificially the
transmitted signal with the aim to create a time diversity at the receiver end.
In particular the delays can be taken equal to the effective propagation time
intervals between the CGC-TXs and the destination.

2.2 Validation of the Proposed System

With the aim to validate the efficiency of the scheme described in the previous
subsection and highlight the importance of the cooperation between the satellite
and the terrestrial segments, we analyse a particular case of the proposed system:
the N-Way Relay cooperative DD scheme, which is characterised by the absence
of the direct link SC-D (g0 = 0, see Fig.1). Particularly, D selects and processes
only the signals coming from the CGCs involved in the transmission scheme.
As the simulation results confirm (see Section 1.7), neglecting the signal coming
directly from the satellite does not imply any advantages, even if the channel
between SC and D is modelled as an alternation of LOS/NLOS cases. On the
contrary, we can observe a performance degradation, which also depends on
the environment considered. The absence of a path implies a reduction of the
frequency selectivity of the equivalent channel transfer function and therefore
the diversity introduced by the DD technique is less with respect to the one
introduced in the original system.
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Besides, it is important to highlight that the implementation of the proposed
cooperative DD schemes does not require any change in the standard. In fact:

– the CGCs considered in the paper are the ones which are defined in the
standard specs;

– the frequency conversion at the gap filler is standard-compliant;
– the SFN synchronization performed in DVB-SH network allows the presence

of a delayed replica of the original signal, which fulfil the DD constrain.

2.3 Receive Diversity in a Hybrid Cooperative DD System

In order to increase the diversity order we can assume the presence of two anten-
nas at the receiver-end. In particular we consider the N-relay scheme depicted
in Fig.1, replacing D with a double antenna equipped destination node.

A Maximal Ratio Combiner (MRC) is adopted with the aim to not increase
the complexity of the destination node by the implementation of additional op-
erations. Due to the frequency used and the height of the receiver, it is realistic
to consider that the several copies of the transmitted signal, which arrive at D,
are affected by independent channel coefficients.
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Fig. 2. Hybrid satellite/terrestrial 2-Relay Cooperative Delay Diversity with MRC at
the double antenna equipped receiver-end
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Without losing in generality, we consider the two gap fillers case which is
depicted in Fig.2: in this case independent faded copies of the transmitted signal
are received either from the SC or from the gap fillers; this is true for both
the elements of the receiver antenna. In particular the copies coming from each
gap filler are characterized by a specific delay, which can be derived from the
expression 1.

3 Analysis of the Equivalent Channel Impulse Response

In order to highlight the relationship between the Cooperative Delay Diversity
technique and the channel properties, we describe the effect of the application
of this scheme on the channel impulse response.

In particular we analyse a hybrid satellite/terrestrial cooperative relaying net-
work, where Ngf relays act as gap fillers and NC relays are directly connected
to the broadcast distribution network, while the receiver is equipped with two
receive antennas. Denoting with s(n) the complex-valued transmitted signals in
the time domain, after the removal of a cyclic prefix and neglecting the AWGN
noise, the received signal at the r-antenna (r = 1, 2) of the Destination node can
be written as:

yr(n) = αg0rs(n)

+
Ngf∑

i=1

Nmax∑

p=0

βigihir(n, p)s(n − δi − τp)

+
NC∑

z=1

Nmax∑

q=0

γzbzr(n, q)s(n − δz − τq) (3)

where

- hir(n, p) is the channel complex coefficient of the p-path of the terrestrial
multipath channel between the CGC-GF-i and the r-antenna of the receiver
D, τp the delay of the p-path and Nmax the number of paths;

- bzr(n, q) is the channel complex coefficient of the q-path of the terrestrial
multipath channel between the CGC-TX-z and the r-antenna of the receiver
D, τq the delay of the q-path and Nmax the number of paths;

- gi is the channel complex coefficient of the satellite channel between SC and
the CGC-GF-i; in particular g0r is the one between SC and the r-antenna
of the receiver D and it assumes the value 0 if the N-Way Relay system is
considered;

- α, βi and γz are the power scale factors.

Analysing the DD effects in terms of channel impulse response, the expression
(3) can be rewritten as:

yr(n) = s(n) ∗ h(r)
equ(n) (4)
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where h
(r)
equ(n) is the equivalent channel impulse response which is perceived by

the r-antenna at the receiver:

h(r)
equ(n) = αg0rδ(n)

+
Ngf∑

i=1

Nmax∑

p=0

βigihir(n, p)δ(n − δi − τp)

+
NC∑

z=1

Nmax∑

q=0

γzbzr(n, q)δ(n − δz − τq) (5)

According to this analysis, switching from the non-cooperative to a cooperative
mode, the Destination node experiences an increase of the frequency selectivity
of the propagation channel; in fact the receiver cannot discriminate whether the
propagation path comes from the effect of the cooperative relaying DD technique
or the channel itself. Therefore, as highlighted in (5) , from the r-antenna point
of view, transmitting delayed copies of the same signal through a propagation
channel makes the MISO channel (Multiple-Input Single-Output) transform into
a SISO (Single-Input Single-Output) channel with increased frequency selectiv-
ity [11]. We can conclude that in the cooperative scheme proposed the spatial
diversity is transformed into frequency diversity, which makes the error distri-
bution change: this feature can be exploited by the use of FEC codes with a
remarkable improvement of the performance.

In the previous expressions, the satellite channel between SC and the gap fillers
and D is assumed to be in LOS or NLOS condition, while the one between the
CGCs (both types) and D is supposed to be a NLOS multipath channel (with
Rayleigh Distribution). It is important to notice that the equivalent channel
perceived by D is an hybrid channel, which consists in terrestrial and satellite
components and is characterized by a mixed LOS/NLOS propagation conditions.
In general the adoption of the DD technique combined with the presence of a
LOS component carries to a loss in performance: particularly, the increase of
frequency selectivity involves the presence of deep fades which are the responsible
of the performance degradation [12]. However, we analyse hybrid cooperative
schemes, which have to be evaluated with the satellite channel model. Therefore
the alternation of LOS/NLOS state (environmental dependent) of the satellite
channel makes the DD technique more suitable with respect to the terrestrial
case with a LOS component.

Despite the low complexity of the proposed system, the increase of frequency
selectivity of the channel propagation perceived by the receiver involves an ac-
curate channel estimation. In fact, the reduction of the coherence bandwidth as
far as the delays increase make a conventional SISO channel estimator unable to
correctly estimate the channel. [6] addresses the problem of the channel estima-
tor in a DD OFDM system, while a trade off study of the maximum tolerable
delay with respect to the channel estimation impacts has been conducted in [23].
Even though all these topics are beyond the aim of this paper, they are under
investigation and will be considered in the future works.



416 S. Morosi, S. Jayousi, and E. Del Re

4 Some Consideration on NAV/COM Integration
through Hybrid Cooperative Relaying DD System

The integration of NAV/COM capabilities is strictly required in an emergency
context. The hybrid cooperative delay diversity system proposed can easily make
the receiver in GPS NLOS visibility acquire self-positioning information. The
receiver can estimate its location through the combination of the cooperative
relaying scheme in a Single Frequency Network (SFN) and the implementation
of the Time Differences of Arrivals (TDoA) algorithm. In particular we address
to the case, where almost three (2D-positioning) or four (3D-positioning) CGCs
are in GPS LOS visibility or alternatively their positions are known. The syn-
chronization of the CGCs, which is the fundamental requirement for navigation
applications based on TDoA, is achieved in a DVB-SH SFN of emitters. In this
context the receiver through an accurate channel estimation can obtained the
required TDoA measurements, which enable the positioning [20].

Therefore the implementation of the cooperative system proposed allow the
receiver to:

- improve the performance of the communication system, which can be evalu-
ate in terms of coverage extension, power consumption reduction or robust-
ness of the radio link;

- estimate its position even in case of GPS NLOS visibility.

5 Emergency Scenario

Among the different phases of a public emergency situation management (pre-
paredness, response, recovery and mitigation), we consider the first response
phase of a disaster (fire, earthquake, flood, explosion), where several rescuers or-
ganised in teams act with the aim of saving lives and preserving the environment
during emergencies.

The implementation of the hybrid cooperative system proposed in the emer-
gency scenario (Fig.3) allows the connection of the rescuers operating in the
emergency area with the outside world even when the satellite-team link is char-
acterised by bad channel condition.

In this context the relays can be represented by:

- CGC-gap fillers which enable the rescue teams to communicate with the
Emergency Control Centre in absence of the terrestrial infrastructure net-
work, which is often only partially available or completely destroyed due
to the disaster effects. In particular the gap fillers can be represented by a
temporary, mobile stations placed at the perimeter of the disaster site.

- CGC-TX, assuming a partially available terrestrial infrastructure; in par-
ticular we supposed the presence of a still available CGC, which is directly
connected to the broadcast distribution network.

Besides the destination node equipped by a two element antenna, which im-
plements the MRC receive diversity scheme, can be represented by an anchor
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Fig. 3. Hypothetical emergency scenario

node able to coordinate the rescuers of its team according to the information re-
ceived from the emergency control centre. With these assumptions the presence
of two antennas at the receiver end does not represent a limitation in terms of
equipment cost and size. In fact, thanks to the performance achieved with this
diversity scheme, just one anchor node is required for a team of rescuers.

6 Simulation Parameters and Assumptions

According to the DVB-SH (SH-A Architecture) specifications [3] [21] [4] , an
OFDM system is implemented both for satellite component and for the CGCs
and a cyclic prefix is introduced to avoid ISI at the receiver. In particular the
most important DVB-SH compliant parameters which are adopted in the sim-
ulations are: signal bandwidth 5 MHz, mode 1K, OFDM Sampling Frequency
40/7 MHz, OFDM Symbol Duration 179.2μs, OFDM Guard Interval 44.8μs,
QPSK modulation, Turbo Code (code rate 1/4).

Besides at the receiver after the removal of the cyclic prefix, the Zero Forcing
equalization is performed, assuming the knowledge of channel state information.
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The channel propagation models which are used in the simulations are: Lutz
model and TU6 model for the satellite and the terrestrial channel, respectively
[4]. Even though more accurate satellite channel models have been proposed in
[9], with the aim to not loose in generality, we consider the Lutz model, which
is one of the models suggested in the DVB-SH implementation guidelines.

In the simulations we also assume that: the satellite channels between the
satellite and the gap fillers are always in LOS, the gap fillers can be seen as a
transparent relay (no amplification is performed) and the DVB-SH interleavers
are not introduced to make clear the advantages of the cooperative strategies
proposed.

7 Analysis of Simulation Results

In this section we verify the performance of the hybrid cooperative DD system,
analysing some of the most significant comparisons among the possible cases
of the general scheme proposed. In particular in all BER-performance graphs
the satellite and the terrestrial stand-alone systems are depicted as a terms of
reference and the same total transmitted power is assumed.

With the aim to maintain the complexity of the system low we consider the
one-relay and two-relay schemes in two different environments: City and High-
way, which represents the worst and the best case within the range of the en-
vironments [15]. The BER-performance is reported for different values of the
delay in order to represent the impact of this value on the DD scheme; besides,
to implement a more realistic case, different power allocation between the CS
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and the CGC is assumed (not equal power): particularly, the copies of the signals
coming from the CGCs (all types) are characterised by a higher level of power
with respect to the signal directly transmitted from the satellite.

In order to highlight the BER-performance of the N-Relay Cooperative DD
system with only CGC-GFs, the N = 1 and N = 2 cases are depicted in Fig.4,
where the two cooperative relaying schemes are compared in the City environ-
ment. In particular the 2-relay system gains 4-5dB (δ-depending) for BER=10−3

over the 1-relay system. Therefore the presence of more than one relay, increas-
ing the frequency selectivity of the channel transfer function, permits to achieve
a performance improvement in term of bit error rate.

In Fig.5 two versions of the N-Relay Cooperative DD system with N = 2
are compared: the 2-relay-case characterized by the presence of two CGC-GFs
and the 2-relay modified-case, in which the two relays are represented by one
CGC-GF and one CGC-TX. In particular the 2-Relay modified system gains
1-2dB (δ-depending) for BER=10−4 over the 2-Relay system. These results are
justified by the fact that the CGC-TX transmits an exact copy of the original
signal.

In Fig.6 and in Fig.7 the N-Relay Cooperative DD system and the N-Way
Relay Cooperative DD system (with the N = 2) are compared in City and
Highway setting respectively. In particular the N-Relay system gains 1-1.8dB
and 1.5-2dB (δ-depending) for BER=10−4 over the N-Way Relay system in City
and Highway environment respectively, validating the effectiveness of the first
scheme.
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Finally, in order to highlight the effect of the cooperative DD technique com-
bined with the MRC receive diversity scheme, we analyse the BER performance
of the 1-relay (Fig.8) and 2-relay (Fig.9) systems in the City setting, assuming
a double-antenna equipped receiver. The combination of the cooperative DD
technique with the MRC receive diversity algorithm makes the 1-relay DD-2RX
system gains 6dB for BER=10−3 over the 1-relay DD scheme and the 2-relay
DD-2RX system gains 5-6dB for BER=10−4 over the 2-relay DD scheme.

8 Conclusions

Simple and feasible cooperative relaying strategies based on the Delay Diver-
sity (DD) technique have been proposed for a DVB-SH compliant hybrid satel-
lite/terrestrial network in order to reduce the impairments caused by the NLOS
condition in the satellite propagation channel. Besides the combination between
the cooperative DD system and the MRC diversity scheme has been investigated.

The proposed cooperative schemes are characterized by a significant gain with
respect to the satellite system and therefore represent a promising solution to
guarantee communication in public emergency situations, particularly, in the
first response phase of a disaster, without any additional complexity requirement.

Simulation results show that combining the cooperative DD technique with
the MRC receive diversity scheme permits to achieve interesting BER-
performance overcoming the performance of a terrestrial system through the
exploitation of the channel propagation features and the spatial diversity gain.

Moreover the double-use (communication and navigation purpose) of the co-
operative DD algorithm in a SFN DVB-SH system has been discussed, highlight-
ing the NAV/COM capabilities and therefore the suitability of these schemes in
emergency situation management.
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5. Antó, A.: Cyclic delay diversity in cooperative communications and single hop

systems. M. eng. thesis 2007, KTH School of Information and Communications
Technology (2007)

http://lenst.det.unifi.it/salice


Cooperative Strategies of Integrated Sat/Ter Systems for Emergencies 423

6. Auer, G.: Channel estimation for ofdm with cyclic delay diversity. In: 15th IEEE
International Symposium on Personal, Indoor and Mobile Radio Communications,
PIMRC 2004, September 2004. vol. 3, pp. 1792–1796 (2004)

7. Slimane, S.B., Li, X., Zhou, B., Syed, N., Dheim, M.A.: Delay optimization in
cooperative relaying with cyclic delay diversity. In: IEEE International Conference
on Communication (ICC 2008), May 2008, pp. 3553–3557 (2008)

8. Ben Slimane, S., Osseiran, A.: Relay communication with delay diversity for future
communication systems. In: VTC 2006, pp. 1–5 (2006)

9. Burzigotti, P., Prieto-Cerdeira, R., Bolea-Alamanac, A., Perez-Fontan, F.,
Sanched-Lago, I.: Dvb-sh analysis using a multi-state land mobile satellite chan-
nel model. In: 4th Advanced Satellite Mobile Systems, ASMS 2008, pp. 149–155
(2008)

10. Choi, S., Park, J.-H., Park, D.-J.: Randomized cyclic delay code for cooperative
communication systems. IEEE Communications Letters 12, 271–273 (2008)

11. Dammann, A., Plass, S.: Cyclic delay diversity: Effective channel properties and
applications. In: Proc. of the WWRF17-WG4-06, pp. 1–7 (2006)

12. Dammann, A., Raulefs, R., Plass, S.: Soft cyclic delay diversity and its perfor-
mance for dvb-t in ricean channels. In: Global Communications Conference 2007,
November 2007, pp. 4210–4214 (2007)

13. Dominici, F., Marucco, G., Mulassano, P., Defina, A., Charqane, K.: Navigation in
case of emergency (nice): An integrated nav/com technology for emergency man-
agement. In: 5th IEEE Consumer Communications and Networking Conference,
CCNC 2008., January 2008, pp. 608–612 (2008)

14. Lodhi, A., Said, F., Dohler, M., Aghvami, H.: Performance comparison of space-
time block coded and cyclic delay diversity mc-cdma systems. IEEE Wireless Com-
munications 12, 38–45 (2004)

15. Lutz, E., Cygan, D., Dippold, M., DolainSky, F., Papke, W.: The land mobile satel-
lite communication channel-recording, statistics and channel model. IEEE Trans-
actions on Vehicular Technology 40, 375–386 (1991)

16. Mensing, C., Dammann, A.: Positioning with ofdm based communications systems
and gnss in critical scenarios. In: 5th Workshop on Positioning, Navigation and
Communication, WPNC 2008., March 2008, pp. 1–7 (2008)

17. Osseiran, A., Logothetis, A., Ben Slimane, S., Larsson, P.: Relay cyclic delay di-
versity: Modeling and system performance. In: IEEE International Conf. on Signal
Processing Communication (November 2007)

18. Plass, S., Dammann, A.: Cellular cyclic delay diversity for next generation mobile
systems. In: VTC 2006, pp. 1–5 (2006)

19. Raulefs, R., Plass, S.: Combining wireless communications and navigation -
the where project. In: IEEE 68th Vehicular Technology Conference, VTC 2008,
September 2008, pp. 1–5 (Fall 2008)

20. Thevenon, P., Julien, O., Macabiau, C., Serant, D., Ries, L., Corazza, S., Bousquet,
M.: Positioning principles with a mobile tv system using dvb-sh signals and a single
frequency network. In: 16th International Conference on Digital Signal Processing,
pp. 1–8 (July 2009)

21. ETSI EN 302 583 V1.1.1(2008). Framing structure, channel coding and modulation
for satellite services to handheld devices (sh) below 3 ghz (2008)

22. Vanelli-Coralli, A., Corazza, G.E., Karagiannidis, G.K., Mathiopoulos, P.T., Math-
iopoulos, D.S., Mosquera, C., Papaharalabos, S., Scalise, S.: Satellite communica-
tions: Research trends and open issues. In: IWSSC 2007, pp. 71–75 (2007)



424 S. Morosi, S. Jayousi, and E. Del Re

23. Wei, C., Hu, T., You, X.: Cyclic delay diversity performance in ofdma based system.
In: 14th European Wireless Conference, EW 2008, June 2008, pp. 1–5 (2008)

24. SES-SatEC working group. Overview of present satellite emergency communication
resources. Technical Report ETSI TR 102 641 V1.1.1 (2008)

25. Zhang, Y., Cosmas, J., Bard, M., Song, Y.-H.: Diversity gain for dvb-h by using
transmitter/receiver cyclic delay diversity. IEEE Transactions on Broadcasting 52,
464–474 (2006)


	Cooperative Strategies of Integrated Satellite/Terrestrial Systems for Emergencies
	Introduction
	System Model: Hybrid Satellite/Terrestrial Cooperative Relaying Network
	Hybrid Cooperative Delay Diversity Algorithm
	Validation of the Proposed System
	Receive Diversity in a Hybrid Cooperative DD System

	Analysis of the Equivalent Channel Impulse Response
	Some Consideration on NAV/COM Integration through Hybrid Cooperative Relaying DD System
	Emergency Scenario
	Simulation Parameters and Assumptions
	Analysis of Simulation Results
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




