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Lossless-link paradigm

Strong error-correction coding 

Accurate channel estimation and synchronization 

Signaling and retransmission protocols 

High power consumption, large delay, and 
reduced spectral efficiency



Traditional 
communication 
approaches prove 
inefficient in 
unpredictable and 
harsh environments.



RESCUE  D1.1 Version 2.0 

 Page 8 (42) 

by the flooding, cables were cut-off or even unburied from underground, telephone poles were ripped out. 
Other equipment that was not broken stopped operating after battery life depleted due to long lasting 
commercial power outage. Even more problematically, the appropriate operation of the communication 
network is attacked from both sides, the limited capacity provided by the remaining infrastructure and the 
increasing communication demand of people who are concerned about the wellbeing of relatives, family 
members, and friends which causes network congestion and service saturation. Thus, means are required 
to distinguish different services and users in order to prioritize the exchange of data that is vital for public 
safety. This is increasingly difficult, because in the world of tomorrow such communication will not only 
relate to PPDR personnel, but also to all kinds of other sensors and devices, i.e., Device-to-Device (D2D) 
and smart cities 
 
This background motivated us to establish a theoretical, technological, and practical basis for a novel 
communications technology design that efficiently utilize the characteristics of future wireless networks, 
which are expected to be dense in terms of node and link populations, and heterogeneous in terms of their 
built-in capabilities. A network design based on these principles is expected to be robust and flexible 
towards the destruction of infrastructure but also energy and spectral-efficient. 
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Figure 1.1: Typical public safety theater deployment. 

 
Links-on-the-fly is a novel concept for robust, efficient, and smart information transmission in 
unpredictable environments which are characterized by substantial and sudden changes of the network’s 
structure. The concept integrates the key technologies: 

 Distributed joint source/channel coding in lossy wireless networks, 
 Modern signal processing and coding/decoding algorithms (such as distributed turbo coding), 
 Exploitation of multi-route information transfer in wireless multi-hop networks, 
 Distributed and centralized MAC/network protocols for channel access, and routing, 
 Cross layer design for interference management and error control. 

Links-on-the-fly achieves: 

 Successful and robust information transfer through multi-path networks that are constructed 
from lossy point-to-point links (increase of coverage), 

 Adaptability of information quality to the specific quality of service (QoS) requirements of 
applications and devices for higher spectrum and energy efficiency, 

 The integration of diverse communication infrastructure such as base stations, relays, and 
satellites, and terminals for network robustness and fast provision of communication services 
(e.g. in case of disasters). 

The conventional multi-hop/mesh networks are designed on the basis of lossless links, and they are not 
optimal for fragile public-safety networks because: 

 Functional end-to-end connections can only be achieved by accurate planning of the backhaul 
and the access network. Planning also includes accurate link budget allocation which, however, 
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2.2 Vehicle-to-vehicle and group communication 
Vehicular ad hoc networks (VANETs) are of paramount importance for providing safety-critical and 
commercial road services. In the last decade many research, standardization and development activities 
have been carried out in governmental, industrial and academic initiatives. These initiatives have created 
a solid technology basis that provides wireless communications among the vehicles and between vehicles 
and the road-side infrastructure. Here, the network is a combination of ad-hoc and infrastructure based 
subnets. In this network each vehicle can be treated as a specific node. Vehicle-to-Vehicle 
communications (V2V) promise to improve road safety and optimise road traffic through co-operative 
system application especially for emergency communication scenario analysed in the RESCUE project.  
 
 

 

Figure 2.6: Typical VANET architecture with moving nodes. 

 
In the United States the Federal Communication Commission (FCC) allocated 75 MHz of bandwidth in 
the 5 GHz spectrum to dedicated short-range communications (DSRC). The European Conference of 
Postal and Telecommunications Administrations (CEPT) allocated a 50 MHz bandwidth in Europe. The 
allocated spectrum covers multiple channels and is reserved for cooperative Intelligent Transportation 
Systems (ITS) with road safety, traffic efficiency and infotainment applications. 
 
The vehicular environment has some unique characteristics, such as the variable and unstable nature of 
wireless links, the lack of central coordination, the short-lived intermittent connectivity and the dynamic 
topology that lead to a very challenging multichannel coordination, access and synchronisation. So, the 
efficient and effective usability of a multichannel architecture is a controversial subject. The 
communication is achieved by using single-radio or dual-radio transceivers. Single-radio transceivers 
operate on only one radio channel at a specific time in contrast to dual-radio transceivers that can operate 
on two radio channels simultaneously [CM13]. However, the expected deployment of vehicle-to-vehicle 
communication in the next years, starting in 2015, considers a basic system with a single-radio 
transceiver that operates on a common control channel. 
  
Research and application development in VANETs are driven by an amendment to IEEE 802.11 (or ITS-
G5 as the equivalent in Europe) to support the cooperative ITS applications, where reliability and low 
latency are crucial. 
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The                 paradigm
Links-on-the-fly Technology for Robust, Efficient and 
Smart Communication in Unpredictable Environments 

Multi-route, multi-hop information transfer  
based on potentially lossy links 

Intra-link errors are forwarded to destination 

Correlation among multiple copies is exploited to 
recover the message via joint decoding
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Abstract: The RESCUE project – “Links-on-the-fly Technology for Robust, Efficient, and Smart 
Communication in Unpredictable Environments” – introduces a communication concept based on 
distributed turbo codes, targeted for multi-hop communication in mesh networks that are subject to 
dynamic topology changes. This deliverable describes two potential system scenarios, i.e., network 
layouts with communication applications, where the RESCUE system can in practice improve reliability 
and spectral efficiency. The first scenario is public safety operations that take place in areas where the 
communication infrastructure is partially inoperable due to a disaster such as an earthquake. The second 
scenario is vehicle-to-vehicle (V2V) communication, where cars and other vehicles share, for example, 
safety-critical information about the road and traffic conditions with each other. The key functional 
requirements and design challenges for different protocol layers, from the physical to the network layer, 
are also listed. The document provides a framework for the research and validation work in the project, 
from analyses and simulations to field trials. 
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Theoretical 
background



Cooperative relaying…

… allowing for intra-link errors 

Multi-route diversity gain 

Reduced outage probability 

Higher spectral efficiency 

More flexible allocation of transmit power



Lossless/lossy networks
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correlated source coding with helpers. This system setup is exemplified as shown in Figure 1.2 
(a). 

 Lossy network is a network where there is no tandem connection of links where the data remains 
error-free before re-encoding at every relay node. The problems related to this network structure 
can be classified into the category of lossy correlated source coding, such as chief executive 
officer (CEO) problem. This system setup is exemplified as shown in Figure 1.2 (b). 

 
           

           (a)                                                 (b) 

Figure 1.2: Examples of (a) lossless and (b) lossy networks. A dashed arrow indicates that the 
receiver is unable to decode the transmitted sequence error-free. 

 
A complex network can be decomposed into some component networks, where the transmission chain 
structure and its related parameters can be optimized separately, but not network as a whole, since the 
theoretical limits are known only for specific network structures. In the networks, where the network 
nodes are densely populated, it is likely that there exist several routes, even though the connection of each 
link is relatively unstable. This indicates that some of the links guarantee lossless communications while 
the others do not. However, the estimated information sequences, obtained at the destination by decoding 
the multiple signals, conveyed via the multiple routes, are highly correlated. Hence, even though some 
links cannot guarantee the lossless communication, it is still possible to recover the transmitted 
information at the destination with some levels of distortion lower than specified.   
 
Figure 1.3 shows an example of a lossy distributed cooperative network, where there are no error-free 
tandem connections between the source A and the destination E. This network can be further decomposed 
into a lossless and a lossy network, as shown in Figure 1.2. 
 

 

Figure 1.3: An example of a lossy network.   

 

1.2.4 Slepian-Wolf rate region 
The theoretical background of the simplest cooperative communication system, one-way relaying 
allowing intra-link errors, can be related to the source coding theory with side information. An 
exemplifying block diagram is shown in Figure 1.4. Here, the source aims to transmit the information 
sequence s, and the destination aims to recover s with aid of the side information r provided by the helper. 
In order to help in the recovery of s, side information r must be correlated with s. 
   
The encoders at the source and at the helper adjust their compression rates, Rs and Rr, with the aim to 
minimize the signalling load while facilitating error-free recovery of the messages by the decoder. The 
admissible rate region of the source and the helper is shown in Figure 1.5, where notation H(∙) denotes 
entropy of the argument. The rate region for the case of two independent (uncorrelated) sources is shown 
in the rectangular indexed by “independent”. 
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Slepian-Wolf rate region

RESCUE  D1.1 Version 2.0 

 Page 12 (42) 

 

Figure 1.4: Source coding with side information. 

  
The Slepian-Wolf [SW73] admissible rate region for two correlated sources is indexed by A3, where the 
assumption is that both messages s and r need to be decoded. Obviously, it is found that the region A3 is 
much larger than the case where the two sources are independent, resulting in decrease of the required 
transmission rates. 
 

 

Figure 1.5: Admissible rate regions for Slepian-Wolf system and source transmission with a helper. 

 
When applying the Slepian-Wolf system concept to the simple one-way relay system (shown in 
Figure 1.2 (a)), the helper’s sequence r is an erroneous version of the original sequence s. Thus, the 
decoder does not need to recover r. Hence, when viewing the one-way relaying systems from the one-
helper Slepian-Wolf theorem, the admissible rate region is the area shown above the red curve in 
Figure 1.5. This region corresponds to the case where the helper’s information (or relayed sequence) is 
only used to recover the original source information, and the relayed information does not have to be fully 
recovered. It is found that, however, the admissible rate region with one helper can be well approximated 
by the region “A3 plus A4”, when only the source information is intended to be correctly recovered. 
 

1.2.5 Distributed turbo code 
As stated before, cooperative communication network can be seen as a distributed turbo code. In this 
scenario, encoding at each node provides error protection instead of compression. On the other hand, the 
“compression” is induced by the limited radio channel capacity in each link, which restricts the successful 
point-to-point transmission rate. If the rate set supported by the channels falls within the admissible rate 
region, the decoder is again able to successfully decode the transmitted data. Here, the boundary of the 
admissible rate region can be approached by adjusting the transmit powers. In this case, the cooperative 
relaying provides savings in terms of required SNR. 
 
Since the channel gains change due to fading, the outage for the end-to-end connection happens when the 
rate pair falls outside the admissible rate region. The average outage probability is the probability 
averaged over the probability density function of the link gain variations of the links. Furthermore, the 
link variation property largely depends on the propagation characteristics of the link gains, e.g., the links 
are composed of none-line-of-sight (NLOS) components only, or some of them contain line-of-sight 
(LOS) components. When there is no tandem connection having no errors after channel decoding at the 
nodes (lossy case), the outage calculation is much more complicated. This will be the most challenging 
part of this project.   
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Distributed Turbo code 
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Figure 1.6: A block diagram of the one-way relay system allowing intra-link errors from the 
viewpoint of distributed turbo code. 

 
A block diagram of the simple one-way relay system allowing intra-link errors, corresponding to the 
network shown in Figure 1.2 (a), and seen from the viewpoint of a distributed turbo code, is shown in   
Figure 1.6, where the decoder is shown on the right hand side of the figure. The box “fc(•)” is the LLR 
updating function that performs the “compensation” of the LLR values due to the limited correlation 
between the two signals. “fc(•)” utilizes the knowledge of the correlation between the information parts of 
the signals transmitted from the source and the relay.  
 
This structure, including the whole transmission chain, matches with what the Slepian-Wolf theorem for 
the correlated source coding states: If the rate set supported by the channels falls into the admissible 
region, and if the joint decoder at the destination can utilize the correlation knowledge between the 
information sequences, the transmitters can independently encode and transmit the information sequence, 
and they do not have to negotiate over the code parameters to be used.   
 
Furthermore, because of the source-channel separation theorem, source and channel coding can also be 
performed independently, so far as the rate set falls into the admissible region. Hence, the fundamental 
supporting theory to the “link-on-the-fly” system is lossless/lossy distributed correlated joint source-
channel coding, where the signals transmitted from the relays are regarded as helpers.   
 
Analysing the admissible rate region for the lossless transmission may not be intractably difficult, but in 
lossy case, the complete analysis is expected to be significantly difficult and requires a lot of effort. 
Furthermore, when the variety of applications such as V2V and group-to-group communications are 
considered, the characterization of the change of channel property plays important roles, which invokes 
the necessity of modelling of the channel property change. 
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Our contributions



Past

Multi-route CEO problem, Rayleigh fading 

Modified Slepian-Wolf rate region 

Powerful design tool based on asymptotic analysis 

Efficient power allocation design 

Validation into practical coding schemes



Present

Extension to Nakagami fading 

Design proves tricky when  
routes are unequally distributed 

Validation into practical coding schemes



Future

Extension to more realistic propagation scenarios 

Vehicular networks deserve special attention  
due to more severe channel conditions



candido@decom.fee.unicamp.br

Thank you.


