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Abstract: Today there is huge demand for radio spectrum in wireless communication networks. Fixed spectrum policy is a major 
problem in solving spectrum crisis. Dynamic spectrum access is one method which gives the solution by allocating the available 
limited radio spectrum band between different licensed and unlicensed users. Dynamically accessing the unused spectrum is known as 
dynamic spectrum access (DSA) which becomes a promising approach to increase the efficiency of spectrum usage. This allows 
unlicensed wireless users (secondary users) to dynamically access the licensed bands from legacy spectrum holders (primary users) on 
an opportunistic basis. In this paper, DSA approach by using hierarchical access model is proposed with Markovian Queuing model for 
centralized architecture. The blocking probability and mean access delay for infinite and finite users are also found out. Results are 
then compared. 
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I. INTRODUCTION TO DYNAMIC SPECTRUM 

ACCESS 

National regulatory bodies provide the radio spectrum 
band for utilization in different wireless services. In the 
U.S., the main authority for radio spectrum regulation is 
the Federal Communication Commission (FCC). The 
FCC’s spectrum policy gives the actual spectrum usage 
measurements. Radio spectrum is not fully utilized 
often and so the proper way for utilization of radio 
spectrum is to use dynamic spectrum access technique 
which is adopted in cognitive radio. 
Dynamic spectrum access is a technique by which a 
radio system dynamically adapts to available spectrum 
holes with limited spectrum use rights, in response 
changing circumstance and objectives: interference 
created changes the radio’s state, changes in 
environmental constraints [1]. The main objective of the 
DSA is to overcome two types of interference concern: 
harmful interference caused by malfunctioning device 
and harmful interference caused by malicious users. 
Dynamic spectrum management is also referred to as 
dynamic spectrum access. DSA that was first 
demonstrated in 2006 by the Defense Advanced 
Research Project Agency (DARPA) and Shared 
Spectrum Company (SSC) of Vienna, VA [2]. Dynamic 
spectrum access overcomes the limitation of fixed 
frequency spectrum assignment and management. 
Dynamic spectrum access models can be broadly 
categorized under three models as dynamic exclusive-
use, open sharing model, and hierarchical access model 
as shown in Fig. 1 [3]. 

 

Figure 1.  Dynamic Spectrum Access 

A. Dynamic exclusive use model: 

Dynamic exclusive use model maintains the basic 
structure of the current spectrum regulation policy. 
Spectrum bands are licensed to services for exclusive 
use. The main objective of the dynamic exclusive use 
model improves the flexibility and spectrum efficiency. 
It manages spectrum in finer scales of time, space and 
frequency and use dimensions. There are two types of 
dynamic exclusive use model [3]: 
a. Spectrum property rights: In spectrum property 

rights licenses are allowed to sell and trade 
spectrum and to freely choose the technology. The 
economy and market will thus play a more 
important role in driving toward the most 
profitable use of this limited resource. Licenses 
have the rights to lease or share the spectrum for 
profit, such sharing is not mandated by the 
regulation policy. 

b. Dynamic spectrum allocation: Dynamic spectrum 
allocation improves spectrum efficiency through 
dynamic spectrum assignment by exploiting the 
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Let N1 and N2 denote the mean number of messages in 
queues SUQ and BAQ respectively. According to the 
M/M/1 classical theory, we have for queue SUQ [10]: 

                     N1=
ఘభ

ଵିఘభ
                                         (2) 

According to the M/M/S/S classical theory, we have for 
queue BAQ: 

           N2=ߩଶሺ1 െ ஻ܲሻ                                          (3)                                      

Let T1 and T2 denote the mean delay experienced by a 
message in crossing SUQ and BAQ, respectively in (4) 
from the little theorem: 

   T1 =
ேభ

ఒభ
  and T2=

ேమ

ሺఒభ ାఒమሻሺଵି௉ಳሻ
                                   (4)             

To determine the total mean access delay T, we have 
considered two different cases depending on the input 
of the message in our system as follows: 
Case a. SU messages arriving at SUQ from outside the 
system. The probability that these messages arrive at 
SUQ from outside the system is given as 
ଵߣ ሺߣଵ⁄ ߣଶሻ with a mean message delay TD1 given as (5): 
TD1=T1+ሺ1 െ ஻ܲሻT2                                                     (5)                                     
Case b. PU messages arriving at BAQ from outside the 
system. This situation occurs with probability 
ଵߣ ሺߣଵ⁄ ߣଶሻ with the mean message delay TD2 given as 
(6): 
  TD2=PBൈ0+ (1-PB) T2= (1-PB) T2                           (6) 
Thus, T can be obtained as in (7): 

       T= 
ఒభ

ఒభାఒమ
[T1+ (1-PB) T2] +  ఒభ

ఒభାఒమ
[(1-PB) T2] 

     T=
ఒభ

ఒభାఒమ
T1+ (1-PB) T2                                           (7) 

By means of expressions of T1 and T2 using (4) and N1 
and N2 using (2) and (3), we obtained the overall access 
latency, T as follows in (8): 

                          T=
ேభାேమ

ఒభାఒమ
 

                T=
ഐభ

భషഐభ
ାఘమሺభషುಳሻ

ఒభାఒమ
                                          (8) 

The equation defines the overall delay encountered by 
any SU to access a channel for transmission of its own 
voice/data. Thus, T represents the time interval between 
the request initiated by the SU and the request granted 
the required bandwidth. 

TableII. Parameter  Used in  Calculation 

Notation Parameter 

Poisson arrivals with a rate λ 

Exponentially distributed service time with a rate ߤ 

Traffic  intensity ߩ 

Blocking probability PB 

Total mean delay T 

 
Blocking probability from (1) is plotted in Fig. 5. Fig. 5 
shows the relation between the numbers of channels (s) 
and blocking probability (PB) for different values of 
traffic intensity (SU). So it is clear from the figure that 

when number of channel increases, blocking probability 
decreases and when the traffic intensity (SU) increases, 
blocking probability also increases. 
 

 
Figure 5.  Blocking probability (PB) as a function of different number 

of channel(s) 

 
Figure 6.  Mean access delay (T) against traffic intensity of BAQ 

From (8), total access delay against blocking 
probabilities of 5%, 10%, 30%, 50%, 75% and 95% are  
plotted in Fig. 6 for variation in traffic intensity of  
BAQ as 0.2, 0.4, 0.6, 0.8. The plot shows that for any 
given traffic intensity of BAQ, T increases with 
increase in traffic intensity of BAQ while decreases for 
an increase in the blocking probability. 

B. Performance Analysis using Engset formula: 

The Engset formula was developed by Tore Olaus 
Engset. Engset is used with “Finite sources” when 
blocked call is cleared [11]. The Enset loss formula 
applies to situations where the number of customers is 
small relative to the number of available channel [12]. 
SU type M/M/1/L queue used, where L is the size of 
waiting room. The case of the M/M/1/L queue 
represents the queue in which the arrival and departure 
rates are not constant. The customer arrival rate is λ1 is 
less than L in the system either in service or in the 
queue. When the waiting room becomes full, would be 
arriving customers are turned away [13]. The call 
holding times for SU be IID (identically independent 
distribution) exponentially with mean 1/ߤଵ and the time 
until an idle source attempts to make a call is also 
exponential with mean 1/ߣଵ. Let there is no dependence 
between the holding times and the idle periods of the 
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sources. The number of customers is assumed to be M, 
the number of channel S and the blocking probability PB 
[12]. 
The Engset loss formula gives the blocking probability 
for the case M>S as follows 

PB=

ቀಾషభ
ೞ ቁ ఘమ

ೄ

∑ ቀಾషభ
೔ ቁ ఘమ

೔ೄ
೔సబ

                                                             (9) 

 

 

Figure 7.  Blocking probability(PB) as a function of different number 
of channel(s) 

Blocking probability from (9) is plotted in Fig. 7. It 
shows the relation between the number of channels (s) 
and blocking probability (PB) for different values of 
traffic intensity (SU). It is clear that when number of 
channel increases, blocking probability decreases. It is 
also analyzed that when the traffic intensity (SU) 
increases, blocking probability also increases. From 
equation (8), total access delay against blocking 
probabilities of 5%, 10%, 30%, 50%, 75% and 95% are  
calculated for variation in traffic intensity of  BAQ as 
0.2, 0.4, 0.6, 0.8 and plotted in Fig. 8. The plot shows 
that for any given traffic intensity of BAQ, T increases 
with increase in traffic intensity of BAQ while 
decreases for an increase in the blocking probability. 

 
Figure 8.  Mean access delay (T) against traffic intensity of BAQ 

C. Performance comparison between Erlang-B and 
Engset formula: 

Comparison between the results obtained using Erlang-
B and Engset formula are shown in Fig.9. For equal 
traffic intensities, the engset formula gives a lower 
blocking probability than the Erlang formula and tends 
to the later when the user population grows to infinity. 
Regarding the computational complexity the engset 
model is much more simple than the bidirectional 
markov chain used in Erlang formula. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Comparison between Erlang-B and Engset model 

IV. CONCLUSION 

Dynamic Spectrum access is a promising approach to 
utilize the unused spectrum by the primary user. In this 
paper, a centralized architecture coexisting with 
licensed users and unlicensed users is used for 
Markovian queuing model. Blocking probability and 
mean access delay for infinite users are calculated using 
Erlang-B formula and for finite users using Engset 
formula. Results obtained are found to be satisfactory. 
The results are then compared. For equal traffic 
intensities, the Engset formula gives a lower blocking 
probability than the Erlang formula and tends to be 
equal when the user population grows to infinity.  The 
future work will include separate queue for high and 
low priority users. 
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