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Abstract: One of the solutions for edge users and low power devices in wireless networks is Cooperative
communication(CC) and is expected to be an emerging technology for efficient use of resources in future. The basic unit
in CC is a three terminal network where the relay cooperate with the source by sharing its resources, to make successful
communication between source and destination. There is a need to allocate resources efficiently in CC to overcome the
challenges and demands of next generation wireless networks. A survey of different methods of allocating resources in CC is
discussed. We provide an overview of objectives, protocols, network configuration , decision types and literature of resource
allocation in CC.
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Introduction

There are high increase of mobile users in today’s world where there is a very high demand on the data transmission rate and
channel bandwidth. The wireless communication has to overcome challenges such as fading, Doppler shift etc. The
promising multiple input multiple output (MIMO) technology has served this purpose, but there is extra use of hardware i.e.,
antenna and usage of power. To overcome these impairments that are found in wireless, “cooperative communication” or
diversity techniques have been proposed. Co-operative communication uses the co-operative techniques where devices co-
operate to transmit the signals over the air which exploits distributed form of spatial diversity that mitigates the negative
effects of signal fading, interference etc. Direct communication or point to point communication is the one in which
communication exists between sources(S) and destination(D) may be base station or mobile. For co-operative
communication, user co-operation is made possible whenever there is at least one additional node. Co-operative
communication is regarded as virtual MIMO system, which can efficiently mitigate the fading multipath channel. It creates
an independent path between source and destination i.e., it acts as an auxiliary channel to the existing point to point
communication.

CC protocols can be categorized into fixed relaying(FR) and adaptive relaying(AR) schemes. In FR schemes the available
channel resource is divided among source and relay. In case of adaptive, comprising selective and incremental relaying are
allowed.

Allocation of Resources in Cooperative Communication
This section briefs about the types of resources that can be allocated in CC. Types of the resources include : Power, Relay,
User scheduling, Routing, Quality of service, Delay, Time slot, Bandwidth and Subcarrier.

Power

In any wireless communication system, maximum power is consumed by the RF devices (Communication unit). Hence there
is requirement to allocate power efficiently to source and relay. Maximum researches have contributed towards allocation of
this element in CC.In [2],[5],[7], [9], [12],[13].[14].[22] , and [25], authors investigated different optimal power
allocation(PA) methods. Adaptive PA method was investigated by [3] under power constraint, according to fading state
information and [6] subject to the constraint of available energy. An incremental power assignment algorithm, based on the
knowledge of the average channel power attenuation and combining method at the receiving node was proposed in
[8].Game theoretic approach is applied on source and relays, to allocate power in [10]and [16]. In [10], source nodes buy
power from relay nodes. Here relays attract source nodes by setting proper prices. In [16], two source nodes cooperate each
other by relaying each other’s data. Authors designed power auction scheme to allocate power to the relay nodes and the
same was extended in [20], where a node was made to act as both seller as well as buyer and the price of the auctioneer was
announced independently. Contract theory and auction mechanisms were combined so as to provide maximum possible
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utility for source and relay nodes. Primal—-dual decomposition technique was proposed to allocate power in a OFDMA CC
network. Power was allocated using Two level dual decomposition and subgradient(TLDDS) method in a multiuser
cooperative OFDMA uplink(UL) system to maximize the throughput[32].Power was allocated using gradient power
allocation scheme in a multiuser OFDM system, maximizing the throughput of the network in[30]. Work in [30] was
extended for allocation of power in UL OFDMA system for multiplexed relays. Authors developed a new algorithm based on
Water filling algorithm(WFA), to allocate power in a multiuser CC network[24]. WFA was also used in LTE advanced CC
systems to allocate power while satisfying the users QOS[31].In[28], authors investigated particle swarm optimization(PSO)
as a solution for power allocation in a multiple source multiple relay AF and CC system. An instantaneous CSI based PA
(ICPA) was scheme was proposed, where power was adjusted dynamically as a function of instantaneous fading states[34].
This scheme required local CSI at each node.

Relay

Relay benefits CCN by increasing the transmission rate and reducing the total power consumed for transmission. Multiple
relays further benefits performance of CCN by cooperating to transmit the source data. A distributed scheme was proposed
[4] to find one finest path from S to D amongst all available relays where Relays are not required to communicate among
them, and does not require any prior knowledge about the network topology. Best relay selection was based on the
instantaneous measurements of unguided channel and reciprocity. This method simplified space time coding as one best relay
was used to transmit in the second phase. Authors in [11] proposed a method to select the suitable relay considering the one
with highest mutual information to carry the source data to destination. The relay which consumes least power was selected
to cooperate with the source in [14].Linear marking being a part of polynomial time algorithm was used in [15], where
multiple Source destination pairs computed for a common pool of relays in the network. A node that relays data on the
optimal subcarrier is selected to transmit the source node data. Optimal relay assignment method was used in [17],[18], [19],
[23] and [25] to select suitable relays based on certain parameters. TLDDS method was used to select a suitable relay in a
multiuser cooperative OFDMA UL system, so that throughput is maximized [26].Fine-grained resource allocation Scheme
was used to select a best relay among multiple relays in a device to device communication of cellular networks[27]. Authors
of [28] designed and developed a PSO algorithm to select a suitable relay in CC. A MAC was designed in which the channel
access probability of a node depended on the local utility function, which in turn helped to choose a suitable relay based on
its congestion window size. A new MAC protocol, CoCogMAC was designed to assign a suitable relay node to the source in
order to maximize the utility for the link [29]. A best relay was selected to maximize the utility of the network using cross
layer scheme and dual decomposition method in [9]. Relay selection is performed based on the mutual information method
and max-min selection technique in [10].Game theory concepts were used in [21] and [35] to solve the problem of resource
assignment. SNR and power auction methods were used to allocate relays to the source in a distributed manner.

User Scheduling

It is used to select best users at particular time slot , which helps for the attainment of maximum throughput. As the number
of users increases, the complexity of extensive search for user scheduling also increases exponentially. This is an active
research area in CC. Very few researchers have contributed in allocating this particular resource in CC[27] [29].

Routing

Majority of the researchers have concentrated on single or two hop scenario. But for ad hoc networks, researchers are
realizing the significance and capability of multihop CC. It is necessary to address and find solution , in order to gain the
profits of multihop transmission. Especially efficient routing methods have to be incorporated in ad hoc CC.

Differential backlog-aware routing was discussed in[34], where the next hop is selected based on the size of the queue length
and each intermediate node. Information about the queue size was feedback from the intermediate nodes through a MAC
protocol called CoCogMAC.

Bandwidth
Initially Optimal Bandwidth allocation(BA) scheme was proposed by splitting the available bandwidth among the users. In
[21] and [28], Optimal BA was based on the throughput. In [6], [35] ,[9] and [13] an adaptive BA scheme was proposed.

Quiality of Service

It includes throughput, outage, blocking probabilities, latency and rate. The chief goal of QOS in CC is to assure minimum
latency, rate and errors. This parameter has always been used to measure the performance of the entire network. Very few
have considered this as one of the resources that could be allocated in CC.

Delay
It is a very essential metric for any real time application in wireless network. In CC delay is still a uncultivated research area.
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Subcarrier

Pairing and subcarrier allocation is a very important role in CC where OFDM and OFDMA are employed in physical layer.
With efficient exploitation of subcarriers, it is possible to improve the throughput of CC. [24],[26] and [30] have contributed
towards allocation of subcarriers in OFDM and OFDMA systems.

Tablel.Decision types

References Decision | Channel State Information
[2].[91.[11]-[22],[17].[24].[26], [27].[30],[31], | Centralized | Known
[33],[341,[36]
[3] Centralized | Known, Mixed
[4],[20], [13],[20], Distributed | Unknown
[22],[32],[35]
[5] Known
[71.[26],[18],[19][28], Distributed | Known
[29]
[14] Centralized | Unknown

Cooperative Communication Protocols

Three cooperative protocols that are commonly used in research are amplify and forward (AF),decode and forward(DF) and
compress and forward(CF). In DF, relay receives signal from S and this received signal will be decoded and again encoded,
and then it will be retransmitted to the D. In AF, the relay scales the received signal and transmits the scaled version of the
signal to the D. In CF, the received signal will be compressed and then retransmitted to the D. Authors have considered AF
protocol in [10],[14],[20],[22],[23],[28] and [36]. DF protocol has been used by [3],[6],[8],[13].[17], [19], [24]. [25], [26],
[30], [31] and [33]. Some researchers have considered both and they are [9],[12],[15],[18],[27],[29] and [32]. Selection-
AF[7], Demodulate and forward[11] and Network coded cooperation[34] are some of the others protocols which are
considered. Decision types and CSI considered by the authors are listed in Table 1.

Network Configuration

Network configuration provides information about number of receivers, transmitters and relays that are used in any CC
network. For centralized CC networks, single transmitters are considered in [2]-[7], [9], [11], [14], [17], [22], [30],[31], [36]
and Multiple transmitters are considered in [15],[16],[18,[23]-[29], [32]-[35]. Transmitter acts as controller of network in
centralized CC network. Number of relays and receivers play important role in designing a CC network.System performance
can be improved in CC network by employing more than one relay, where use of many relays provides the flexibility of
selecting the best path between S-R(s) and R-D(s). This in turn leads to increased complexity of the network. Diversity order
and capacity of channel increases with the number of relays employed. CC networks with single relay are considered in [2]-
[31,[51,[6],[11],[12] and [31] where as multiple relays are considered in [4],[7],[9],[13]-[30] and [32]-[36].Single receiver is
considered in [2]-[14],[16],[17], [22].[24],[28] , [30]-[36] and multiple receivers are considered in [15],[18]-[21],[23],[25]-
[27],[29].

Classification of Cooperative Communication Objectives
The objectives are classified into four categories and it includes fairness, minimization, maximization and performance
analysis. Table 2 shows the objectives considered by different authors.

Fairness

In CC, fairness is necessary to make balanced exploitation of the radio resources . Network admin is required to maximize
the most awful throughput of the user in max-min fairness. In proportion to the user demand, radio resources need to be
allocated in rate proportional fairness.

Minimization

There is a requirement to minimize certain parameters of network in some situations of CC. Most valuable resources in CC
are bandwidth and power. Hence it is necessary to allocate these resources in a manner that they are least consumed.
However, Delay should be minimized in real time scenarios.
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Table 2. Objectives

References Minimization | Fairness Maximization Analysis
[2].[4], [7] Outage probability
[3] Channel capacity
(8].[11]. Max-Min
[9].[10].[16],[32] Utility
[12] Delay Sum rate
[13]1[17]1[20]7[22]7 Sum rate
[26],[28],[29].[30],

[36].

[14],[25],[33],[34] | Power

[15] Capacity

[19].[31] Power Sum rate

[18] Data rate

[23],[27] Capacity
[35] Energy efficiency

Maximization

Sumrate, receiver SNR, capacity utility of the network are to be maximized in CC. The disadvantage of maximizing SNR is,
the total throughput of the network cannot be found by SNR. For efficient allocation of radio resources , utility of the
network optimization is a prevailing tool.

Performance Analysis
Usually outage minimization and bit error rate are considered as metrics to measure performance of the network in CC.

Future Research Directions
The aspects of allocating resources in CC are discussed in this survey. Still there are many issues which needs to be
addressed. Some important issues that are to be addressed are:

Use of Network Coded Cooperation (NCC)

There are very few papers available in the literature. NCC basically deals with the use of coding techniques. In NCC the relay
attempts to transmit its own data while cooperating with one of the source data. Here relay transmits both data (relay
originated data and source data) in the same time slot. Combining two data at the relay and recovering these data at the
destination is a challenging issue in NCC.

Multihop relaying in CC

Though some papers are available for multihop relaying in CC, some issues still need more study and attention. Transferring
data in bidirectional multihop CC networks by optimally allocating power or other resources is still a open issue. There is a
need to minimize the number of relays while maintaining the QOS of the users. Impact of imperfect CSI can also be
considered for allocating resources in a distributed and centralized CC network.

Green Communication(GC)

Researchers have focussed on functionality and measurement of the performance in CC. But devices that are driven by the
batteries also need to be considered. GC is an exercise of choosing energy efficient communication by minimizing the use of
resources in all possible branches of communication. Optimal PA techniques in CC to improve energy efficiency while
maintaining the QOS is an open issue to be addressed. User’s cooperation induce overheads in CC and there is a need to
reduce the power consumed by these overheads.

Conclusion

A research on allocation of resources in CC is challenging and quite elaborative. As the number of users are growing day by
day, there is scarcity of resources in wireless networks. To meet this challenge it is necessary to utilize resources in a efficient
manner. We explored the components for allocation of resources in CC and also provided broad literature review on network
configuration, types of protocols, Objectives to be attained , decision types and future research directions in CC.
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