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Cooperative Communication 

Introduction and motivation, fundamentals of relaying, relaying with multiple parallel relays, routing and 

resource allocation in multi hop networks, routing and resource allocation in collaborative networks, 

applications, network coding. 

 

 Cooperative Communication Introduction and Motivation:  

Cooperative communications based on relaying nodes have emerged as a promising approach to increase 

spectral and power efficiency, network coverage, and to reduce outage probability. Similarly to multi 

antenna transceivers, relays provide diversity by creating multiple replicas of the signal of interest. 

By properly coordinating different spatially distributed nodes in a wireless system, one can effectively 

synthesize a virtual antenna array that emulates the operation of a multi antenna transceiver. 

The demand for new-generation wireless networks has spurred a vibrant flurry of research on cooperative 

communications during the last few years. Nevertheless, many aspects of cooperative communications are 

open problems. Furthermore, most of the cooperative systems proposed so far are based on ideal 

assumptions, such as unfeasible synchronization constraints between the relay nodes or the availability of 

perfect channel state information at the resource allocation unit. There is a need for research on practical 

ways of realizing cooperative schemes based on realistic assumptions.  

Cooperative diversity is expected to provide significant improvement in terms of outage probability in 

systems affected by slow fading and shadowing. Nevertheless, the analysis of relay-assisted systems 

affected by lognormal fading has not received much attention.  

 
 Fundamentals of Relaying: 

Although multiple-antenna technology enhances diversity and/or multiplexing gains, it may not be capable 

of extending the coverage. The traditional way to extend the coverage and data rates simultaneously is to 

deploy more base-stations to serve in smaller cells, which in effect drives up deployment cost significantly. 

As a remedy to this problem, cooperative relaying, in which multiple distributed terminals operate 

cooperatively, has recently emerged. The terminals cooperate with one another by relaying signals intended 

for others. A terminal is designated as a relay whenever it acts as an intermediate repeater between the 

transmitter and receiver. This way, each terminal sacrifices some of its resources (e.g., bandwidth and 

battery power) on behalf of the others, but such cooperation results in an enhanced overall quality-of-

service for the whole network. Specifically, such cooperation enables communication between two 

terminals that are far apart, which is not possible with the traditional single-hop networks. One key benefit 

of cooperative relay networks is the cooperative diversity. It is a relatively new form of spatial diversity 

technique that builds upon the classical relay channel model and cooperative communications. Distributed 

terminals engage in cooperative communication share their antennas and other wireless resources in order 

to assist a transmission of a particular terminal. Cooperative diversity arises when these sharing is used 

primarily to leverage the spatial diversity available among distributed terminals through distributed 

transmission and signal processing. 

Relay terminals in cooperative networks are generally divided into two general categories (i) amplify-and-

forward (AF) and (ii) decode-and-forward (DF), according to their mode of operation. The AF relays simply 

amplify and retransmit the received signal, while the DF relays decode and estimate the received symbols 

and re-encode them before retransmission to destination. Noise amplification is a potential drawback of AF 

relaying, whereas DF relaying suffers from error propagation if errors occur in the symbol estimation at the 

relay. 

In general, cooperation can also be categorized as (i) fixed relaying, (ii) selection relaying and (iii) 

incremental relaying based on whether adaptive strategies and feedback is employed by the relaying 

protocol. In the fixed relaying, terminals are allowed to participate in the cooperation either in AF or DF 

mode throughout the cooperation phase. 

Whereas the selection relaying builds upon the fixed relaying by allowing transmitting terminals to select a 

suitable cooperative (or non-cooperative) action based a threshold determined by using the channel-state 

information (CSI). Finally, the incremental relaying improves the spectral efficiency of both the fixed and the 
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selection relaying by exploiting the limited feedback provided by the destination and relying only when 

necessary.  

 
 
 Relaying with multiple parallel relays, routing and resource allocation in multi hop networks: 

One-way relay networks (OWRNs):  
In wireless communication systems, the terminals operate on half-duplex mode due to the practical 

complexity of simultaneous transmissions and receptions. Half-duplex relay networks operating with 

unidirectional data-flows are referred to as one-way relay networks (OWRNs) in the sequel. For instance, the 

OWRN in Fig. 1 requires four orthogonal channel-uses for two-way data transmission between T1 and T2 via R 

T  → R, R → T , T  → R, a d R → T . Ho e e , o l  t o ti e-slots a e eeded ithout the ela  T  → T  
a d T  → T . Thus, i  this e a ple, the p i e fo  elaying is a 100 % of channel usage. Is there a way to use a 

relay without incurring this penalty? Two-way relay networks (TWRNs) with physical-layer network coding is a 

solution to this challenge. 

 
Figure 1: A basic one-way relay network. 

 
Figure 2: A basic two-way relay network. 

Two-way relay networks (TWRNs): 
In TWRNs, both T1 and T2 transmit simultaneously to R during the first channel-use (see Fig. 2). Then R 

generates a network-coded data symbol, a function of data symbols sent from T1 and T2 [35, 38]. In the 

second channel-use, R broadcasts it back to T1 and T2. 

Since each terminal knows its own data, by using the network-coded data symbol, T1 can decode the data of 

T2 and vice versa. Thus, TWRNs require only two channel-uses for two way data transmission [35–37]. This 

emerging technology allows the data rate, reliability, and coverage benefits of relaying to be reaped while 

retaining the efficient use of resources in conventional single-hop networks. 

 
Multi-way relay networks (MWRNs): 
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The TWRNs allow mutual data signal exchange among only two terminals. However, certain practical 

applications such as multimedia teleconferencing via a satellite or mutual data exchange between sensor 

nodes and the data fusion center in wireless sensor networks require mutual data exchange among more 

than just two terminals. To this end, the multi-way relay networks (MWRNs) facilitate mutual data exchange 

among more than two spatially distributed sources via a relay (see Fig. 3). In particular, MWRNs are the 

natural generalization of conventional OWRNs and TWRNs. Moreover, OWRNs have already been included in 

LTE-A standard, and TWRNs are being studied for relay-based IMT-A systems. Thus, MWRNs are also expected 

to be an integral part of the next-generation wireless standards. 

 
Figure 3: A basic multi-way relay network 

 
 

 Collaborative Network 

Collaborative network is also called Data Center Network (DCN) represents the infrastructure interconnecting 

the physical resources (i.e., servers, switches, etc.) within the same DC, using high speed communication links 

(i.e., cables, optical fibers), according to a specific topology. Basically, the DCN is defined by its: i) network 

topology, ii) routing/switching equipments and iii) network protocols. DCN plays a decisive role in computing 

and deeply impacts the efficiency and performance quality of the applications. 

Data center networking brings many benefits to Cloud providers. First, it enables the interconnection between 

numerous servers and arranges thousands of hosts in an efficient topology. Moreover, DCN can support 

virtualization technique, so that servers can host many virtual machines. Conventionally, a data center 

network is based on a traditional multi-tier topology. It consists of a multi-rooted tree-like architecture, 

mainly formed by: i) servers and ii) three layers (i.e., core, 

aggregation and edge) of switches. Typically, traditional DCN interconnects servers while making use of 

electronic switching with a limited number of ports. 
 
 Routing and resource allocation in collaborative networks 

Routing and resource allocation are key challenges in hybrid data center networks. Ensuring an efficient 

management of wireless and wired infrastructure in the HDCN, for both one-hop and multi-hop 

communications, is primordial to guarantee a high performance network. For one-hop inter-rack 

communications, where the sending and receiving racks are placed in the same wireless transmission range, 

the objective is to find efficient algorithms for wireless channel allocation in HDCN while minimizing the 

congestion level. Several recent research approaches have explored the feasibility of deploying wireless links 

in HDCN based on practical testbeds, but only few studies have been conducted to perform channel 

allocation. On the other hand, the multi-hop inter-rack communications require efficient mechanisms to 

jointly route and allocate channels for the communication flows, while enhancing network performance. The 

objective is to compute for each flow, the hybrid (i.e., wireless and/or wired) routing path. In this regard, the 

joint routing and wireless channel allocation problem in HDCN can be addressed either in an online or a batch 

way. In the online mode, inter-rack communication flows are sequentially processed in order to find the 
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hybrid routing path for each single flow request. Few research works have been proposed to deal with this 

issue. However, even if the online approaches guarantee an optimized hybrid routing path for each single flow 

request, they fail to ensure an optimized use of the wireless and wired resources in the HDCN. Indeed, the 

arrival order closely impacts the HDCN performance. Therefore, a few recent researches have investigated the 

Joint Batch Routing and Channel Assignment problem (JBRC) in HDCN, to handle the batched arrivals of 

communication flows. Their objective is to find, for each batch of flows, the corresponding hybrid routing 

paths. 

 

 Routing and wireless channel assignment criteria in HDCN 

Both routing and channel allocation mechanisms should take into account several criteria related to the 

network performance and to the infrastructure provider revenue. Typically, the most relevant criteria 

considered in the context of HDCN consist in: 

• Net o k th oughput: The ai  o je ti e of Cloud data e te  p o ide s is to e ha e et o k pe fo a e 
by maximizing the throughput of applications. Typically, the total network throughput corresponds to the 

cumulative transmission throughput of the traffic carried through the hybrid DCN. 

• T affi  olu e: O iousl , the total th oughput is a  i po ta t et i  fo  i eless esou e allo atio  
problem. However, it is not sufficient in the context of HDCN. In fact, racks requesting a higher amount of 

traffic usually requires longer time to carry their transmission due to the bandwidth limitation. Thus, they are 

likely to further increase the global completion delay. Accordingly, traffic volume of communication flows 

strongly impact the HDCN performance. 

• Total et o k Dela : Esti ati g the et o k dela  of ea h o u i atio  is a dato  to e su e a good 
DCN performance. In fact, a transmission with a high network delay that is caused by a congestion or a long 

communication path, may deteriorate DCN QoS. Thus, it is judicious to deploy wireless links in order to reduce 

the latency. The total delay of the network defines the cumulative transmission delay of all the finished 

communications in the network. 

• Spe t u  Spatial Reuse: E ha i g the spe t u  euse i  e  i po ta t to e su e a  opti al use of the 
wireless infrastructure in the HDCN. The Spectrum Spatial Reuse (SSR) of a channel corresponds to the 

number of wireless communications which are simultaneously using the same wireless channel. Note that 

four wireless channels are available for IEEE 802.11ad. 

• Li k dista e: Co espo ds to the dista e et ee  the t o o u i ati g se e s o  a ks. A tually, each 

rack in the HDCN is defined with its geographical position, and accordingly the hop distance, between the 

source and the destination of each transmission, can be defined. The latter strongly impacts the network 

utility. In fact, flows with longer paths usually induce higher transmission latency and thus increase the load of 

switches. Therefore, it is usually recommended to assign such flows to wireless links so as to alleviate 

congestion. However, this solution may incur a higher potential interference on wireless links. Further, the 

distance between two communicating racks decides whether a single-hop or multi-hop communication has to 

be established.  

• I te fe e e ate: The set of i te fe i g li ks o  a  i te fa e is a de isi e pa a ete  that impacts the quality 

of the link. In fact, the larger is the number of conflict edges, the higher the latency is, which may aggravate 

network performance. 

• Li k Cost: The li k ost is a u ial et i  that deepl  i pa ts the HDCN effi ie . I  fa t, it is  an 

incarnation of the link congestion level, and the transmission delay. It is judicious to allocate wireless and/or 

wired links with lowest costs. It is worth pointing out that the cost of a link incarnates the transmission delay 

of its residual (wireless or wired) traffic and the resulting re-transmission delays (wireless) caused by/on 

interfering links. 

• Wi eless e uests use: To e aluate the a ilit  of the i eless esou e allo atio  a d outi g st ategies to 
efficiently carry incoming communications while minimizing congestion, it is important to evaluate the rate of 

requests that are assigned to wireless channels. In doing so, the efficiency of decision algorithms in allocating 

resources is gauged. 
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