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Abstract— This article advocates a novel communication 
architecture and associated collaborative framework for future 
wireless communication systems. In contrast to the dominating 
cellular architecture and the upcoming peer-to-peer 
architecture, the new form envisions a cellular controlled 
short-range communication network among cooperating 
mobile and wireless terminals. The novel architecture together 
with several possible cooperative strategies will bring clear 
benefits for the network and service providers, terminal 
manufacturers as well as the end users.  

 
Index Terms— cooperation, wireless networks, cellular, 

short-range, composite networks. 
 
 

I. INTRODUCTION 

Currently the cellular communication scene is dominated by 
the transition from the second (2G) to the third generation 
(3G). Some of the key problems of those communication 
systems include the limited achievable data rate over the air 
interface and the lack of new and appealing services 
motivating the customers to shift their 2G mobile devices to 
3G ones. While designing the architecture of future wireless 
networks, i.e., 4G, another challenge becomes evident: the 
ever increasing power consumption of the mobile device. 
By cramming terminals with a large number of “placebo” 
functionalities and capabilities like advanced imaging 
features (camera, high-definition display, etc.) as well as 
versatile and high-performance wireless connectivity 
including short-range communication (Bluetooth, WLAN, 
etc.), and higher data rates over the cellular interface, 
manufacturers face a serious problem: A dramatic and 
critical increase of power consumption of the mobile device. 
This has two major impacts: first, the absolute power 
consumption could make active cooling of the mobile 
device necessary, and secondly, the active usage time 
decreases, as the developments in battery capacity and 
efficiency cannot cope with the steep power consumption 
increase. The operative time of mobile devices has been 
identified as the number one criteria to purchase a mobile 
device. Thus, a solution has to be found aiming at 
decoupling the problem of increasingly more complex 
mobile devices on one hand, and the need for supporting 
higher data rates (which is the enabler for new services). 
In this contribution we advocate a novel paradigm which 
tightly and dynamically combines centralized networks 

(e.g., cellular) with distributed networks (e.g., ad hoc, short-
range, peer-to-peer). 

II. MOTIVATION FOR THE PROPOSED NOVEL ARCHITECTURE 
AND ASSOCIATED COOPERATIVE FRAMEWORK 

Omnipresent cellular communication systems are 
characterized by the communication between a base station 
and mobile terminals as given in Figure 1. In [1] a novel 
communication architecture referred to as micro cooperative 
networking was introduced. The idea is to enable direct 
communication between mobile devices using the short-
range communication technology available also onboard, 
while the cellular communication link is still enabled, as 
illustrated in Figure 2.  
 

 
Figure 1: Conventional Cellular Communication 

Architecture. 

Mobile devices are able to create cooperative clusters with 
neighboring devices in their proximity. While the distance 
between the base station and the mobile device can typically 
be of up to several kilometers, the short-range link is usually 
limited to several tens of meters at the most. Each terminal 
is then contributing to the cooperative cluster with its 
cellular link, energy of its battery, and some of its 
processing power. The grouped members can then be used 
as virtual entities in a cooperative manner aiming at 
overcoming the above described problems. This hybrid 
network combining a centralized and distributed 
architecture is referred to as composite network. The cellular 
link has a key role with the proposed architecture as it is 
needed as the service entry point and to perform 
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administrative tasks such as authentication, billing, 
management, etc.  
 
Therefore the architecture is referred to as cellular 
controlled short-range communications (CCSRC). Note that 
combination of cellular and ad hoc networks have been 
proposed before, see for instance [3] and [5]. In [5] the 
architecture was introduced for multi player architectures, 
where the cellular link was used for game updates such as 
maps and high scores and the local links where used for the 
actual gaming. It has been shown in that paper that the 
cellular network operator can benefit from such an 
architecture by an increased dollar per bit ratio on the 
cellular link. 
 
However, the considered solutions approach such a system 
from a more rather static standpoint, targeting usually range 
extension and data throughput enhancements by using 
multi-hop techniques between the two networks. The here 
proposed architecture and associated cooperative framework 
exploit dynamically cooperation in two domains, namely a) 
inter-network cooperation, encompassing the collaborative 
interaction between the centralized and distributed 
networks,  and b) intra-network cooperation, exploiting the 
interaction taking place within the distributed short-range 
network (i.e., cluster).  Such collaborative framework 
constitutes the key underlying principle associated with the 
composite architecture.  The cooperation is described as a 
non altruistic form of collaboration in which each terminal 
joins the cooperative group as long as it gains 
instantaneously. The cooperative behavior is based on 
egoistic reasoning. 
 
The fundamental idea behind the considered network and 
associated collaborative framework is exploiting the 
resulting synergy of having a component networks with 
highly complementary characteristics, combining features 
such as, licensed and license-exempt spectrum usage as well 
as high power / wide area / low data rate together with low 
power / short-range and high data rate. Moreover, the 
considered strategy bring the two main component networks 
of current and future wireless communication systems in a 
closer and amicable relationship, rather than regarding them 
just a coexistent networks or even competing ones in the 
worst case. This brings, in addition to the technical 
advantages, a universal convergence platform as well as a 
politically attractive solution embracing the two prevailing 
models of wireless communications. Note that in principle 
any type and air interface technology of distributed short-
range network can be employed.   

 

 
Figure 2: Cellular Controlled Short-Range 

Communication Architecture. 

 
The benefits of the proposed composite architecture and 
associated collaborative framework are manifold: 
 
 Overcoming the limited cellular capacity: For both, 

unicast and multicast services, the cooperating mobile 
devices bundle their cellular air interfaces to get a 
bigger pipe for the cooperative cluster. For multicast 
services such as video streaming or file downloading 
the benefit is obvious. In this case the cooperative 
devices receive partially the original stream and 
collaboratively merge it later over the short-range 
communication links. The CCSRC is also beneficial for 
unicast services as well. As a simple example we refer 
to web browsing. The traffic model is characterized by 
a strict on-off model. If one out of the cooperative 
cluster requests a web page, the content is conveyed 
from the network towards the target mobile device 
using the diversity of the cooperating cluster. We refer 
only to a limited set of examples but refer the interested 
reader to our follow up works [1]. 

 
 Power Consumption: In [1] we have discussed the 

power saving capabilities of the CCSRC architecture. 
Comparing the overall power expenditure of a non 
cooperative scenario versus the cooperative scenario, in 
many cases cooperation does paying off.  

 
 Service: A current problem of service and network 

providers is that novel services are high priced and 
therefore only a limited number of customers can afford 
them. With the CCSRC architecture, the cost of a 
cooperative service can be lower than that for a non 
cooperative one. E.g., while a non cooperative approach 
pays 100% of the service, three cooperative customers 
could be paying considerably less, e.g., 50% each. In 
this case both, the cooperative customers and the 
network/service providers gain. Being the 
aforementioned example only an initial guess, it is clear 
that billing methods and incentives to encourage 
cooperation have to be developed to get attractive 
business models for the network/service provider and to 
stimulate and motivate cooperative networking among 
users.  

 
 Security: Due to the cellular link diversity, new 

schemes for security can be developed. As the 
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cooperating entities have a predefined or reliable 
knowledge about the other cluster members, these 
entities can be seen as trustable relays. The architecture 
also lend itself naturally to the implementation of 
advanced highly secure schemes where information is 
network multiplexed, that is secured information is 
conveniently spread over the cellular and distributed 
network and combined at the target destination. 
Security in terms of content ownership are addressed in 
[4] for P2P networks. 

 
 Spectrum: The synergetic use of both networks has the 

potential to enhance the spectral efficiency. This can be 
easily illustrated by considering an example of 
multicast transmission to the members of a cooperative 
cluster. A packet (transmitted by the base station) 
which fails to be received by a given member (die to 
unfavorable channel conditions) needs not to be 
retransmitted by the base station but locally by another 
member of the cluster, without consuming licensed 
spectrum. This form of collaborative diversity has a 
positive impact on spectrum usage. 

III. REALIZATION OF THE CELLULAR CONTROLLED SHORT-
RANGE COMMUNICATION ARCHITECTURE 

There are two main directions to implement the envisioned 
architecture, namely through a multi modality or a common 
air interface approach. The multi modality approach can be 
realized already with 2G or 3G mobile devices which are 
equipped with cellular and short-range communication 
capabilities. One example employing today’s technology 
could be a terminal with dual GPRS and Bluetooth air 
interfaces. A first implementation of this scenario has been 
carried out at Aalborg University on the Symbian OS 
platform using commercially available terminals (Nokia 
N70). Two cooperating phones, as those shown in Figure 2, 
agree on splitting a file to download and start to receive it 
over the GPRS link. Simultaneously the received data is 
exchanged over the short-range link. Measurements have 
shown, that the downloading time is reduced down to 50% 
and energy savings of 45% where achieved for only two 
cooperating mobile devices. That the energy consumption is 
nearly cut into half by one cooperating terminal is quite 
promising. The values may change for different services. 
Video services require more power for the display and for 
the decoding process. We note that the cooperative 
approach will get the benefit mostly from the RF/BB part. 
 
Figure 3 depicts a screenshot of one of the cooperating 
terminals where the contributions of the cellular, short-range 
and virtual (cooperatively combined) links are displayed. 
Note that additional gain can be achieved if more devices 
collaboratively interact.  
 

 
Figure 3: Terminal screenshot (Nokia N70) for the two 

cooperating entities case. The data rate over the cellular 
link (yellow), the short-range link (red/in and blue/out) 

and the virtual link (green) is given. 

 
The second direction focuses on a new air interface design. 
Indeed, while the multi modality concept is based on two 
orthogonal spectrums, the common air interface is focusing 
on flexible splitting the spectrum for cellular and short- 
range communications. Such adaptive splitting can be done 
either in the time or frequency domain (or in both). The later 
fits naturally better in future wireless networks (4G) 
networks where OFDM has been identified as the main 
access technology. As the common air interface requires 
flexibility in the air interface, the software defined radio 
(SDR) concept is applicable. It has been shown that 
software controlled radio (SCR) is more beneficial for pure 
cellular communication systems as flexibility is not needed. 
CCSRC requires flexibility as well and therefore SDR 
appears as the most promising solution. 
 
In Figure 4 a possible flexible air interface based on 
OFDMA is illustrated. The given spectrum is divided into a 
4:1 ratio for the cellular and short-range links, respectively. 
The cellular service is provided into four non overlapping 
sub-streams (frequency bocks) D1 to D4. The upper part of 
the spectrum (20%), on the right hand side of Figure 4, is 
reserved for cooperative exchange of the sub-streams. 
Within the short-range frequency spectrum the achievable 
data rate (modulation and coding) is assumed to be four 
times larger than on the cellular part (in general this value 
could much larger, as these are in fact short-range links). A 
non cooperative approach would receive on all four sub-
streams to achieve the full service utilizing 80% of the 
spectrum. However, the cooperative approach, using the 
same service, would receive one of the four cellular sub-
streams and contribute/listen on the short-range 
communication using 40% of the spectrum. In case of 
OFDMA the FFT size for the non cooperative case is twice 
of the cooperative one. This is under the assumption that we 
have a flexible air interface that can be tuned to and limited 
to the necessary sub-streams. The complexity of the mobile 
device is partially affected by the FFT size with N(log N) 
and the benefit by a cooperative approach becomes obvious.  
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Figure 4: CCSRC with OFDMA. 

IV. SHORT-RANGE COMMUNICATION AS THE MAIN 
DRIVING FORCE FOR COOPERATIVE NETWORKING 

The short-range communication capability is a must for 
functional cooperative networking in a CCSCR. 
Furthermore, the short-range technology dependent system 
parameters determine how large the benefit of CCSRC can 
be. These parameters include the data rate of the short-range 
technology, the power consumption (sending, receiving, 
idle), and medium access control (MAC) operations. While 
the data rate and the energy values have a clear impact on 
the energy per bit ratio (EpBR), the impact of the MAC may 
not be necessarily obvious. Therefore, as an example we 
refer to wireless local area network (WLAN) and Bluetooth 
as representative candidates for distributed and centralized 
short-range communication approaches, respectively. 
Certainly, wide-area cellular networks could also be 
considered in the example. While WLAN supports the 
mobile device providing the cellular information received 
over the WLAN in a multicast fashion, Bluetooth does not. 
In a Bluetooth-based communication network, the master 
terminal is able to control the communication of up to seven 
active slaves and some more inactive slaves. No direct 
communication between slaves is possible and therefore the 
transparent energy per bit ratio (TEpBR), defined as the 
overall energy needed to convey information from a 
particular slave to another one (via the base station), is 
larger than the EpBR. To illustrate this concept, we consider 
the WLAN scenario, with J cooperative devices. In such as 
scenario J multicast packets are exchanged among the 
mobile devices. Each mobile device sends one packet to the 
cooperating device and expects J-1 packets to receive as 
given in Table 1. 

 
If one wants to get a better insight on the number of packets 
sent over a Bluetooth enabled cooperative cluster, the 
calculation becomes a slightly more complex: First the 
master can multicast its own packet towards the J-1 mobile 
slave devices. The J-1 mobile slave devices cannot multicast 
their packets directly to the neighboring slaves and need to 
relay them over the master. This ends up in an overall 
number of packets sent equal to 2J-1. It is important to note, 
as given in Table 1, that the master is more active than the 
individual slaves. While the power consumption of the slave 
is equal to a cooperating mobile device in the WLAN 
scenario, the master takes all the burden has he is sending J 
times more packets than the slaves. Because of this a round 
robin of the master role would be fair. In this case the mean 
value of send packets is 2-1/J. For large values of J, we can 
say that we need the double number of packets to exchange, 
which also doubles the TEpBR values in contrast to the 
EpBR. As one conclusion on the designing principles for 
future short-range wireless networks, we can highlight the 
importance of the three key factors, data rate, power values, 
and the used MAC concept.  
 

Table 1: Number of packet exchanges for the WLAN 
and the Bluetooth case (master and slave separated). 

  Sending Receiving 
WLAN 1 J-1 

BT Master Slave Master Slave 
individual J 1 J-1 J-11 

mean 2-1/J J-1 
 

V. MAC REQUIREMENTS FOR CCSCR 
A lesson learned from last section is that the MAC should 
support direct communication between cooperating entities 
in a point-to-multipoint fashion. The reason is to avoid 
relaying through a central entity as it would happen in the 
Bluetooth communication case. Furthermore, to minimize 
the idle time as well as to reduce collision times, the channel 
should be slotted in time or frequency. This is not viable in 
IEEE based WLAN systems. For the power saving it is 
crucial to be able to switch on and off the RF/baseband 
chain in time domain or to dynamically enable/disable 
frequency bands reducing the complexity, a feature that can 
be found in DVB-H technology.  

VI. CONCLUSION: 

In this paper we have proposed and discussed a composite 
architecture and related cooperative framework with high  
potential to tackle several crucial impairments of current 
and future wireless networks like energy (and power) 
efficiency, spectral efficiency, system capacity, QoS, 
security, etc. In the considered approach a centralized 
network (cellular) dynamically and collaboratively interact 
with a local distributed network connected over short-range 
links (ad hoc, peer-to-peer) aiming at achieving a better use 

 
1 The number J-1 is correct if slaves are not listening to the relaying of 

their own packets. It may be beneficial to receive all J relaying packets, to 
avoid overwhelming signaling. This is a system design matter and needs to 
be investigated in the future. For large number of J this is a minor problem. 
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of resources (mostly energy and spectrum), enhancing 
quality of service and system performance.  
 
It is believed that the presented concepts and scenarios open 
up a fertile and multidisciplinary field for further 
exploration. The envisioned concept has the possibility to 
unify the cellular and P2P network ideas. Currently the 
cellular network operators scare the new P2P network 
concepts as they cannot control it. But the proposed 
architecture will enable the network operators to break new 
ground for new business cases. 
 
The paper illustrates the key role of short-range 
communications for cooperative networks. It is essential 
that the designing rules for the MAC should support the 
cooperative networking. 
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