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Abstract—In cognitive radio networks, a secondary 

user (SU) can share the same frequency band with the 

primary user (PU) as long as the interference 

introduced to the later is below a predefined 

threshold. In this paper, the transmission performance 

in cognitive radio networks is studied assuming 

imperfect channel estimation, and taking quality of 

service (QoS) constraints into consideration. It is 

assumed that the cognitive transmitter can perform 

channel estimation and send the data at two different 

rates and power levels depending on the activity of 

the primary users. The existence of the primary user 

can be detected by channel sensing. A two-state 

Markov chain process is used to model the existence 

of the primary users. The cognitive transmission is 

also configured as a state transition model depending 

on whether the rates are higher or lower than the 

instantaneous rates values. This paper studies the 

maximum capacity of the cognitive user under the 

delay constraint. We use the new metric concept of 

effective capacity of the channel and introduce an 

optimization problem for rate and power allocation 

under interference power constraints. An numerical 

example illustrates the average effective capacity 

optimization and the impact of other system 

parameters.  

I. INTRODUCTION  

Recent researches in spectrum-sharing techniques 

have enabled different wireless communications 

technologies to coexist and cooperate towards 

achieving a better gain from the limited spectrum 

resources. This started when spectrum utilization 

measurements showed that most of the allocated 

spectrum experiences low utilization [1]. Certain 

administrative authorities, as Federal 

Communications Commission (FCC) and National 

Telecommunications and Information Administration 

(NTIA) for radio spectrum regulation divide the radio 

spectrum into many frequency bands, and licenses for 

the often exclusive usage of these bands are provided 

to operators, typically for a long time such as one or 

two decades. Depending on the type of radio service 

that is then provided by the licensees, frequency 

bands are often idle in many areas, and inefficiently 

used. The concept of spectrum sharing (the 

coexisting of different radio systems in the same 

spectrum) then occurred[2], as one device may 

transmit, while others in the area are idle. Moreover, 

radio systems can dynamically use and release 

spectrum wherever and whenever they are available 

(―spectrum agile radios‖). This dynamic spectrum 

access by spectral agile radios helps to minimize 

unused spectral bands (―white spaces‖). There are 

two different cognitive radio strategies[3]. When the 

secondary users can use the primary user’s band only 

if not currently used by the owner (PU), the scheme 

is known as overlay. The existence of the primary 

user can be obtained through spectrum sensing. In the 

second approach, the secondary users are allowed to 

avail the band even with the primary user existence, 

but should control their interference powers to a 

tolerable threshold to not harm the primary users. 

This scheme is known as underlay. This paper adapts 

the second which, obviously, provides more spectrum 

efficacy [3, 4]. The main challenge for the cognitive 

user is to control their interference levels not to 

exceed the limit where it may introduce harmful to 

the primary user. For this reason, interference should 

be carefully controlled under the assumption of 

imperfect channel estimation and under the 

probabilities of getting false alarms and/or miss 
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detections in channel sensing process. The cognitive 

user should also guarantee its own quality of service 

requirements by transmitting at certain power for 

desired rates and by limiting the delay encountered 

by the transmission in the buffers[5]. 2 Wireless 

channel conditions vary over time due to changing 

environment and mobility. The channel fading 

coefficients are possible to be estimated imperfectly 

through training techniques, which is critical for the 

successful deployment of cognitive radio systems in 

practice. In addition to channel estimation, activities 

of primary users should be detected through channel 

sensing. Hence, more challenging scenario may face 

the developers. There are certain interdependencies 

between these tasks of channel estimation and 

sensing. Mistake in channel sensing may lead to 

errors in the estimation of the channel coefficients, if 

the primary users are in the network but not detected, 

the channel estimate may be worse. Studying the 

transmission performance of cognitive radio in a 

practical scenario in which SUs perform channel 

sensing, channel estimation, and operate under QoS 

requirements is the main motivations for the recent 

researchers. Some early researches in the channel 

estimation was studied by an analytical approach to 

the design of pilot-assisted techniques [6, 7]. Pilot-

Assisted Transmission (PAT) in which known 

training symbol(s) is multiplexed with the data 

symbols, may be used to estimate the channel state 

and to adapt the receiver parameters accordingly [8– 

10].  

     For practical wireless networks, consideration the 

delay QoS requirement deterministically is unrealistic 

because of the time-varying feature of wireless 

channels. Discussing the statistical case for delay-

QoS is become guarantees.  

    Effective capacity is an effective technique in 

evaluating the capability of a time-varying wireless 

channel to support data transmissions. The concept of 

effective capacity has been introduced to supporting 

QoS requirements[11]. The effective capacity is the 

dual concept of the effective bandwidth, and can be 

defined as the maximum constant arrival rate that can 

be supported by the time-varying service process 

where the delay QoS requirement of the system is 

satisfied[5,12]. The authors in [13] studied the 

effective capacity of cognitive radio network in the 

existence of statistical QoS constraints assuming the 

availability of perfect channel side information at the 

two cognitive radio sides. In this paper, we 

investigate the concept of the effective capacity in 

cognitive radio channels, and identify the 

performance limits under imperfect channel 

estimation and quality of service constraints. The 

cognitive radio initially perform channel sensing, 

then the channel fading coefficients are estimated in 

the training phase of the transmission. Finally, data 

transmission is performed. The activity of primary 

users is modeled by a Markov process. By this work, 

we jointly evaluate and optimize the training symbol 

and data symbol powers and transmission rates of the 

cognitive users. The rest of the paper is organized as 

follows. In Section II, The cognitive channel model is 

given. Section III formulates expressions for the 

probabilities of primary user activities by discussing 

the channel sensing phase. Section IV discusses the 

channel training with pilot symbols and derives the 

MMSE channel estimation technique. In Sections V 

and VI, data transmission phase and its performance 

is studied, and a state transition model for cognitive 

radio transmission is introduced. In Section VI, we 

formally define the effective capacity in terms of 

QoS constraints and identify the optimum throughput 

that the SU can achieve. We provide numerical 

results in Section VII, and conclude this paper in 

Section VIII.  

II. CHANNEL MODEL AND 

ASSUMPTIONS  

  Fig. 1 depicts the proposed frame model for the 

cognitive transmission. Initially, the secondary user 

performs channel sensing which lasts m seconds of 

a frame of total duration T seconds. We assume that 

pilot symbols are employed in the system to 

facilitate the sensing of channel fading coefficients. 

This will make the receiver able to track the time 

varying channel. Since the MMSE estimate depends 

only on the training energy and not on the training 

duration [14], it can be claimed that transmission of 

a single pilot at every T seconds is optimal[14, 15]. 

Instead of increasing number of pilot symbols, a 

single symbol with relatively high power is used as 

a pilot, with this, a decrease in the duration of the 

data transmission can be avoided. Consequently, it 

is assumed that the transmission is over time-

selective flat fading channel in which fading 

remains constant in each frame. Transmitting one 

pilot symbol is enough in each frame. Both powers 

of pilot and data symbols, and transmission rates are 

related to the channel sensing results. Let Sb and rb 

be the average transmission power and rate if the 

primary user is detected as busy, respectively, 

While, they are Sd and rd , if the channel is detected 
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