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Abstract— Long Term Evolution (LTE) and Cognitive Radio Network (CRN) are built to achieve high data rates with low latency and packet 

optimized system. Orthogonal Frequency Division Multiple Access (OFDM) is adopted as the access technology for LTE in modern technology. 

OFDM provides several techniques and advantages for spectrum allocations to network segments, intra-cell Radio Resource Management 

(RRM) using Dynamic Subcarrier Assignment (DSA), Adaptive Power Allocation and Adaptive Modulation (AM) methods, providing the 

means for a flexible RRM scheme capable to address the problems of the service or cell area and provide solutions for proper network 

adaptation.. 
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I.  INTRODUCTION  

CRN has been studied extensively in recent years to increase 

the use of spectrum in the field of communications [1] [4] [7] 

[13]. Cognitive radio (CR) is a form of wireless 

communication in which a transceiver can intelligently detect 

which communication channels are in use and immediately 

move into vacant channels while avoiding occupied channels 

[1]. In this way it optimizes the use of available radio 

frequency (RF) spectrum while minimizing interference to 

other users [2].The application of the main features of CRN, 

the adoption of creative and realistic theories, the use of 

Commercial Off-the Shelf components (COTS) 

communication is also considered [4]. It is also used as the 

effort to test wireless sensor network-based scale through the 

experience detection of target tree with a single transmitter and 

receiver which is performed to explore the parameters used for 

the detection or destination [5]. The multiple waveforms detect 

certain frequency, similar to noncontiguous OFDM (NC-

OFDM) with subcarriers and delete the used detection signal 

[6]. The reception signal power distinction according to 

objective location is observed in the testing. The effect of the 

experimentation gives priceless evidence for the hallucination 

of the amplitude based wireless sensing arrangement [7]. 

In older technologies the dual radar / detection and the 

communication system also work well using radar system / 

sensor in the communication system. Many researches were 

done for investigation on the convergence of the wireless 

sensor network and the communications system based on the 

cognitive radio network [3]. The double use of radar system / 

detection and OFDM system has become an important 

research topic, as OFDM signal is intrinsically aligned with 

the cognitive radio system. From the point of view of the 

network, the vision is presented to improve the combination of 

wireless sensor network based cognitive radio network as the 

backbone.  

In mobile social networking systems, LTE support a large 

number of phone contact social services. An important 

characteristic of OFDM networks is need for the traffic 

content through a terminal [8]. Therefore, wireless multicast 

has the potential to support mobile social networking due to its 

exceptional resource efficiency for transmitting packets from a 

sender to multiple receivers almost the same unicast wireless 

resources. However, the performance of multicast wireless 

terminal is limited by the worst channel condition 

[9][10].Considering scarce spectrum resources, for wireless 

multicast, it remains open for further investigation. 

Considering spectrum usages Device to Device (D2D) is able 

to significantly improve resource efficiency in cellular 

networks by establishing direct links between terminals 

without shipping base station (BS) in a cell [11]. Meanwhile, 

CR is another great technology in improving the use of 

spectrum resources, providing greater potential for spectrum 

resources for secondary user (SUS) correctly detect 

conditions, spectrum utilization and research their signals 

overlap with those of primary users (PUS) without interfering 

with them.  

It is natural to think that the CR function D2D is capable of 

improving the use of spectrum resources more efficiently by 

establishing communication links dynamically with cognitive 

terminal. It is considered that how more general multicast 

transmission works and also study the resource allocation 

algorithm for multicast cognitive D2D [11] [12]. 

 

2. REVIEW ON ANALYSIS OF LTE AND COGNITIVE 

RADIO NETWORK USING OFDM SIGNAL 

 

2.1 ENHANCED CONTEXT ACQUISITION FOR 

INTRACELLULAR RRM: 
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Figure 1: LTE Network Segment 

Figure 1 shows the potential interactions between the modules 

of a LTE Network Segment. In starting phase, Interaction One 

all the valuable information is retrieved from the LTE network 

segment by Context Acquisition. In interaction two, context 

matching and optimization modules access the repository data 

for finding the reference context that is in close approximation 

to the current context. If there is no any context close to 

current content then Optimization module is accessed and it 

start processing the context as a „new‟ situation. 

In third interaction, Context Matching passes control to 

Reconfiguration Enforcement, if match is found otherwise to 

optimization module if there is no reference context close to 

the new context. In interaction four, Reconfiguration 

Enforcement pass the control to the Optimization module, if 

no any match is found close to the context proposed by 

Context Matching module. Interaction five, the Optimization 

module will ask the Reconfiguration Enforcement module to 

apply the derived configuration to the network segment and 

interaction six, repository collects and store the new context 

and solution and apply that solution directly if same context or 

problem arrives   again in LTE network segment.  In this way 

the LTE Network Segment reduce the time needed for context 

handing by “learning” and apply “known” solutions to solve 

the problems [3]. 

 

2.2 OFDM for Cognitive Radio  

 

OFDM is a special type of Multicarrier Modulation (MCM), 

where OFDM system uses digital signal processing 

technology. Digital signal processing algorithm is adopted in 

the process of sub-carrier generation and reception. 

Meanwhile, in order to improve frequency spectrum 

utilization, each sub-carrier is analyzed along with symbol 

period to ensure the receiving end and recover the signal 

without distortion. Two major points of an OFDM system are 

the Inverse Fast Fourier Transform (IFFT) at the transmitter 

side, where frequency data carrying subcarriers is converted to 

a time domains signal, then it can be up-converted to desired 

carrier frequency and is transmitted. At receiver side, Fast 

Fourier Transform (FFT) reveals the frequency domain 

information. There is no need of band-pass filters in OFDM 

and establishing the correct symbol boundary is of utmost 

importance in any OFDM based system [14]. Apart from the 

simple waveform generation and reconstruction, OFDM 

provides significant advantages over single carrier 

transmissions like: immunity to multipath distortion, 

scalability and spectral separation, overcomes Inter-symbol 

Interference (ISI) and Delay spread making it a superior 

choice for large family of wireless protocols [16] [17]. 

Cognitive radio (CR) is a form of wireless communication in 

which a transceiver can intelligently detect which 

communication channels are in use and which are not, and 

immediately move into vacant channels while avoiding 

occupied channels. In this way it optimizes the use of available 

radio-frequency (RF) spectrum while minimizing interference 

to other users. 

CR is a hybrid technology involving software defined radio 

(SDR) as applied to spread spectrum communications. 

Possible functions of cognitive radio include the ability of a 

transceiver to determine its geographic location, encrypt or 

decrypt signals, identify and authorize its user sense for 

wireless devices in operation, and adjust output power and 

modulation characteristics. This kind of network requires 

neighboring sensing capability, and fast adaptation to new 

frequency band for both transmission and reception. Due to 

various advantages of OFDM, it is used with Cognitive Radio 

Networks due to its inherent capability of transmission and 

reception in variable bandwidth and sub channels without 

using any kind of band pass-filters [18]. Suppression of 

subcarrier set is done to form NC-OFDM waveform, to serve 

the purpose for transmitting in a spectrum hole, avoiding the 

Primary User (PU). 

2.3 A Generic OFDM Transceiver 

 

Figure 2: OFDM Transceiver 

In figure 2, A Generic OFDM Transceiver should be able to 

transmit and receive in any set of subcarriers and it should 

support NC- OFDM transmission and reception [19]. It should 

adapt to changing spectrum availability as well as its 

modulation (eg: BPSK, QPSK, 16QAM, 64QAM) at a 

subcarrier level. Higher level modulation such as 

superposition coding and hierarchical modulation require a 

high degree of programmability in the modulation levels [20]. 

FFT size is varied to control the number of subcarriers used 

for the transmission depending on spectrum availability and 

cyclic prefix changes its value depending on channel 

conditions to combat multipath channel distortions .For eg: 

WIMAX 802.16 [21] and LTE [22].Equalization provide 

signal conditioning step to adapt changing environment, the 

transmitter selects different set of pilot subcarriers to assist in 

the equalization at the receiver end [23].Pilot locations and 
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their relevant phase is an important information that the 

receiver needs to have in order for equalization. Digital to 

analog (DAC) conversion is done in transmitter (TX) to 

transmit data and inverse process is carried out in Receiver 

(RX) using FFT, Demodulation, and analog to digital 

conversion (ADC). OFDM is a likely choice for cognitive 

radio application. This motivates our research in new 

architectures for software defined radios which will allow 

innovation in future deployments of cognitive radio networks 

[24]. 

 

2.4 D2D Cognitive Multicast Radio System 

 

 

Figure 3: D2D Cognitive Network 

The cognitive wireless multicast networks with D2D 

communication operate in the cellular system as illustrated in 

Figure 3. Multiple cognitive multicast groups opportunistically 

access the spectrum licensed to the cellular network in a cell. 

D2D communication is a local area cellular network. A 

cellular operator offers cost efficient access to the licensed 

spectrum enabled by D2D communication as a controlled or 

constrained underlay to an International Mobile 

Telecommunications-Advanced (IMT-Advanced) cellular 

network [25] [26].In D2D session setup, dedicated signaling 

and automatic handover of network is done by D2D links 

between nearby (proximity) devices.  

D2D communication increases the overall throughput of the 

cellular network. Therefore, D2D communication serves 

cellular traffic, offloading, fast and light session setup,   low 

transport delay and high instantaneous data rate. During 

spectrum sensing, there are vacant subcarriers for SUs to 

implement the opportunistic spectrum access [27]. The CR 

network consists of N multicast groups and each multicast 

group contains one SU source node containing several SU 

members. One source node can send data to multiple members 

over the allocated subcarriers at a time. 

 

2.5 CogWnet: Cognitive Architecture For RRM 

CogWnet is an awareness-based architecture designed for 

cognitive radio resource management. It aims to provide an 

abstraction of easy development and cohesive deployment of 

cognitive elements. It does not only target spectrum allocation, 

but also uses environment-awareness to optimize the 

transmission parameters of TCP/IP stack layers such as 

transmission power, modulation order, bandwidth, etc [4]. 

CogWnet is a „real‟ cognitive system that enables technologies 

to demonstrate cognitive resource management capabilities. A 

real cognitive system means that the system is aware of its 

environment and uses the environmental conditions to adapt to 

variations in the network conditions while maintaining the 

quality of service requirements. CogWnet consists of the 

following layers: communication layer, that consists of 

interfaces and channels exchanging control signals to collect 

application requirements and channel information.  

The decision-making layer is the core of CogWnet as it 

accounts for receiving the sensory input from the 

communication layer and applies optimization algorithms to 

select the most suitable transmission parameters that improve 

the cognitive network performance, capacity and spectrum 

utilization [28]. 

 
Figure 4: CogWnet Architecture 

It consists of two components: repository and parameter 

mapper. The third layer is the policy layer which is required to 

enforce stakeholders and the operator‟s regulations, whether 

they are static or dynamic based on the geographical location. 

Trigger manager is the ring that connects the policy layer with 

the decision-making layer. Figure 4 shows a high level 

architecture of CogWnet. CogWnet works in a distributed 

manner which means that it is installed in each base station in 

the LTE network. We integrated the above model for 

interference and throughput optimization with the decision-

making layer in CogWnet. Learning modules also added to the 

decision-making layer in CogWnet to expedite and enhance 

the decision made for parameters adaptation.  

 

3. Conclusion 
In this paper, different types of architectures which are used 

for LTE and cognitive radio networks are discussed. Different 

architectures use different parameters for their implementation 

and all these parameters are optimized for various results.It 

can be seen that cognitive RRM system will be able to perform 

even better since there are a number of optimization 

procedures that should take place for each one of the systems 

separately. The parameters involved in the optimization 

executed by CogWnet to fulfill the model optimization goals 

are SINR, modulation index, network load, transmission 

power and bandwidth and target will be achieved expanding 

the control functions and different optimization algorithms for 

RRM in LTE networks. 



International Journal on Recent and Innovation Trends in Computing and Communication                                       ISSN: 2321-8169 
Volume: 2 Issue: 8                                                                                                                                                                       2098 – 2101 

_______________________________________________________________________________________________ 

2101 
IJRITCC | August 2014, Available @ http://www.ijritcc.org                                                                 

_______________________________________________________________________________________ 

References 
[1] Ying-Chang Liang, Geoffrey Ye Li, “Cognitive Radio 

Networking and Communications: An Overview”, IEEE 

transactions on vehicular technology, vol. 60, no. 7, 

September 2011 

[2] Alireza Attar, Vikram Krishnamurthy and Omid Namvar 

Gharehshiran “Interference Management Using Cognitive 

Base-Stations for UMTS LTE”, IEEE Communications 

Magazine , August 2011 

[3] Dmitriy Garmatyuk1, Jonathan Schuerger, Y. T. Morton, 

Kyle Binns, Michael Durbin, John Kimani “Feasibility 

Study of a Multi-Carrier Dual-Use Imaging Radar and 

Communication System” Proceedings of the 4th European 

Radar Conference IEEE San Diego,2008. 

[4] Garmatyuk.,Schuerger.“Conceptual design of a dual-use 

radar/communication system based on OFDM,” Military 

Communications Conference,  IEEE, San Diego, 16-19 

Nov 2008  

[5] Jingzhi Yu_, Changchun Zhang_, Zhen Hu_, Feng Lin_, 

Nan Guo_Michael Wicksy, Robert C. Qiu_, Kenneth 

Curriez, “Cognitive Radio  Network as Wireless Sensor 

Network (I): Architecture, Testbed, and Experiment” 

Aerospace and Electronics Conference (NAECON), 

Proceedings of the 2011 IEEE National on 20-22 July 2011 

at Dayton, OH. 

[6] Rajbanshi, R. Wyglinski, Alexander M. Minden, G.J. “An 

Efficient Implementation of NC-OFDM Transceivers for 

Cognitive Radios Oriented Wireless Networks and 

Communications”,1st International Conference on 8-10 

June 2006 Mykonos Island . 

[7] J. Mitola and G. Q. Maguire, “Cognitive radio: Making 

software radios more personal,” IEEE Personel. 

Communication vol. 6, no. 4, pp. 13–18, Aug. 1999. 

[8] S. Hu, Y. Yao and Z. Yang, “MAC protocol identification 

approach for implement smart cognitive radio,” in Proc. of 

IEEE International Conference on Communications (ICC) 

Workshop, pp. 5608-5612, June, 2012. 

[9] D. T. Ngo and L. N. Tho, “Distributed resource allocation 

for cognitive radio networks with spectrum-sharing 

constraints,” IEEE Transactions on Vehicular Technology, 

vol. 56, no. 7, pp. 3436-3449, September, 2011. 

[10] Changho Suh Jeonghoon Mo, “Resource allocation for 

multicast services in multicarrier wireless communications” 

wireless communications IEEE transactions on 16 January 

2008 (volume 7:Issue 1)at Berkeley. 

[11] Klaus Doppler, Mika Rinne, Carl Wijting, Cássio B. 

Ribeiro, and Klaus Hugl, “Device-to-Device 

Communication as an Underlay to LTE-Advanced 

Networks”, IEEE Communications Magazine  December 

2009.  

[12] S. Hua, Y. Guo, Y. Liu, H. Liu, S. Panwar, “Scalable Video 

Multicast in Hybrid 3G/Ad-hoc Networks,”  IEEE 

Transactions on Multimedia, vol. 13, no. 2, pp: 402-413, 

April 2011. 

[13] Aggelos Saatsakis, Kostas Tsagkaris, Dirk von-Hugo, 

Matthias Siebert, Manfred Rosenberger and Panagiotis 

Demestichas “Cognitive Radio Resource Management for 

Improving the Efficiency of LTE Network Segments in the 

Wireless B3G World” January 2, 2009 from IEEE Xplore.  

[14] Aveek Dutta1, Dola Saha2, Dirk Grunwald12, Douglas 

Sicker21 “An Architecture for Software Defined Cognitive 

Radio” ANCS‟10, October 25-26, 2010, La Jolla, CA, 

USA. 

[15] Czylwik, A. ; Technologiezentrum  Darmstadt, Deutsche 

Telekom AG, Darmstadt, “Comparison between adaptive 

OFDM and single carrier modulation with frequency 

domain equalization”,  Germany Vehicular Technology 

Conference, 1997, IEEE 47th  (Volume:2 )4-7 May 

1997Phoenix, AZ 

[16] Magy Elsayed Comparsion between FDM and OFDM in 

wireless communications by Labels:OFDM,Wireless 

communication http://wireless-communications 

systems.blogspot.in/ 

[17] Y. Zhu, H. Liu, Y. Guo, W. Zeng, “Network Assisted 

Media Streaming in Multi-hop Wireless Networks,” IEEE 

ICCCN‟11, Maui, Hawaii, July 2011. 

[18] J. Tang, R. Hincapie, G. Xue, W. Zhang and R. 

Bustamante, “Fair bandwidth allocation in wireless mesh 

networks with cognitive radios,” IEEE Transactions on 

Vehicular Technology, vol. 59, no. 3, pp. 1487-1496, 

March, 2010. 

[19] S. Feng, H. Zheng, H. Wang, J. Liu, and P. Zhang. 

“Preamble design for non-contiguous spectrum usage in 

cognitive radio networks”. In WCNC‟09: Proceedings of 

the 2009 IEEE conference on Wireless Communications & 

Networking Conference, pages 705–710, Piscataway, NJ, 

USA, 2009. 

[20] L. E. Li, R. Alimi, R. Ramjee, J. Shi, Y. Sun, H. 

Viswanathan, and Y. R. Yang. “Superposition coding for 

wireless mesh networks” In MobiCom ‟07: Proceedings of 

the 13th annual ACM international conference on Mobile 

computing and networking, pages pp. 330–333, New York, 

NY, USA, 2007.  

[21] 802.16-2012 -  IEEE Standard for  “Air Interface for 

Broadband Wireless Access Systems” pages 1 – 2542 on 

Aug 2012. 

[22] Faha Shamshad, Usman Javed, Saqib Saleem, Qamar ul 

Islam “Overview of the 3GPP Long Term Evolution 

Physical Layer” Freescale Semiconductors world science 

publisher, vol 2, no 1, 2012   

[23] Coleri, S. ; Electr. Eng., California Univ., Berkeley, CA, 

USA ; Ergen, M. ; Puri, A. ; Bahai, A. “Channel estimation 

techniques based on pilot arrangement in OFDM 

Broadcasting”, IEEE Transactions on  broadcast technology 

society volume:48 ,  issue: 3 ,07 November 2002. 

[24] D. T. Ngo and L. N. Tho, “Distributed resource allocation 

for cognitive radio networks with spectrum-sharing 

constraints,”. IEEE Transactions on Vehicular Technology, 

vol. 56, no. 7, pp. 3436-3449, September, 2011 

[25] P. Jänis et al., “Interference-Aware Resource Allocation for 

Device-to-Device Radio Underlaying Cellular Networks,” 

IEEE VTC Spring, Barcelona, Spain, Apr. 2009 

[26] P. Jänis ., “Device-to-Device Communication Underlaying 

Cellular Communications Systems,” Int‟l. Journal 

Communication Network and Sys,Sci., vol. 2, no. 3, pp  

169-78, June 2009, 

[27] Yueyun Chen1, Xiangyun Xu1, Qun Lei1  “Joint 

Subcarriers and Power Allocation with Imperfect Spectrum 

Sensing for Cognitive D2D Wireless” published July 30 

2013 

[28] Dapeng Wu and R. Negi, “Effective capacity: a wireless 

link model for support of quality of service”, Wireless 

Communications, IEEE Transactions on, vol. 2, no. 4, pp. 

630–643, 2003 

[29] Ismail AlQerm_, Basem Shihada_, and Kang G. Shiny_ 

CEMSE Division, KAUST, “Enhanced Cognitive Radio 

Resource Management for LTE Systems” vol. 1, pp. 137–

141 ,2006 Michigan, USA. 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Garmatyuk,%20D..QT.&searchWithin=p_Author_Ids:37391571200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Schuerger,%20J..QT.&searchWithin=p_Author_Ids:37661986200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Rajbanshi,%20R..QT.&searchWithin=p_Author_Ids:37297144100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Wyglinski,%20Alexander%20M..QT.&searchWithin=p_Author_Ids:37281322800&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Minden,%20G.J..QT.&searchWithin=p_Author_Ids:37297038000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Changho%20Suh.QT.&searchWithin=p_Author_Ids:37275088800&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Jeonghoon%20Mo.QT.&searchWithin=p_Author_Ids:37290863700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Czylwik,%20A..QT.&searchWithin=p_Author_Ids:37266731600&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4664
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4664
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4664
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Coleri,%20S..QT.&searchWithin=p_Author_Ids:37323417900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Ergen,%20M..QT.&searchWithin=p_Author_Ids:37265970300&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Puri,%20A..QT.&searchWithin=p_Author_Ids:37338946900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bahai,%20A..QT.&searchWithin=p_Author_Ids:37265187800&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=11
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=22202

