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The Cellular Concept –  
System Design Fundamentals 



Trunking and Grade of Service 

•  Cellular radio systems rely on trunking to accommodate a 
large number of users in a limited radio spectrum.  

•  The concept of trunking: allows a large number of users to 
share the relatively small number of channels in a cell by 
providing access to each user, on demand, from a pool of 
available channels.  

•  In a trunked radio system, each user is allocated a channel on a 
per call basis, and upon termination of the call, the previously 
occupied channel is immediately returned to the pool of 
available channels. 



•  There is a trade-off between the number of available 
telephone circuits and the likelihood of a user finding 
that no circuits are available.  

 (As the number of phone lines decreases, it becomes more likely that all circuits will 
be busy for a particular user.) 

•   The user is blocked(denied access) in trunked system:  
 when a particular user requests service and all of the radio 
channels are already in use.  



•  In some systems, a queue may be used to hold the 
requesting users until a channel becomes available. 

•  To design trunked radio systems that can handle a 
specific capacity at a specific “grade of service, GOS” 
it is essential to understand trunking theory and 
queuing theory.  

 



Erlang 
•  The fundamentals of trunking theory were developed 

by Erlang, a Danish mathematician who, in the late 
19th century, embarked on the study of how a large 
population could be accommodated by a limited 
number of servers. 

 
Today, the measure of traffic intensity bears his name.  
•  One Erlang represents the amount of traffic 

intensity carried by a channel that is completely 
occupied (i.e. 1 call-hour per hour or 1 call-minute per 
minute).  

•  For example, a radio channel that is occupied for thirty 
minutes during an hour carries 0.5 Erlangs of traffic. 



•  (1) The grade of service (GOS) is a measure of the ability of a 
user to access a trunked system during the busiest hour.  

 
 (The busy hour is based upon customer demand at the busiest hour during a week, 
month, or year. The busy hours for cellular radio systems typically occur during rush 
hours, between 4 p.m. and 6 p.m. on a Thursday or Friday evening).  

•  (2) The grade of service is a benchmark used to define the desired 
performance of a particular trunked system. 

 (by specifying a desired likelihood of a user obtaining channel access given a 
specific number of channels available in the system.)  

 
•  (3) GOS is typically given as the likelihood that a call is blocked, 

or the likelihood of a call experiencing a delay greater than a 
certain queuing time. 

The grade of service (GOS) 



A number of definitions listed in Table 2.3 are used in trunking theory to 
make capacity estimates in trunked systems. 



Traffic intensity 





Types of trunked systems 

•  There are two which are commonly used.  
•  The first type offers no queuing for call requests. 

(lost call cleared) 
 
•  The second kind is one in which a queue is 

provided to hold calls which are blocked. (lost 
call delayed) 

 



•  The first type offers no queuing for call requests.  
 That is, for every user who requests service, it is 
assumed there is no setup time and the user is given 
immediate access to a channel if one is available.  

•  If no channels are available, the requesting user is 
blocked without access and is free to try again later.  

•  This type of trunking is called blocked calls cleared 
and assumes that calls arrive as determined by              
a Poisson distribution.  



•  Furthermore, it is assumed that: 

(a)  there are an infinite number of users.  

(b) there are memoryless arrivals of requests, implying that all users, 
including blocked users, may request a channel at any time;  

(c) the probability of a user occupying a channel is exponentially 
distributed, so that longer calls are less likely to occur as described 
by an exponential distribution;  

  
(d) there are a finite number of channels available in the trunking 

pool. This is known as an M/M/m queue, and leads to the 
derivation of the Erlang B formula (also known as the blocked 
calls cleared formula).  



C     is the number of trunked channels offered by a trunked radio system  
A    is the total offered traffic.  
 
The capacity of a trunked radio system where blocked calls are lost is tabulated 
for various values of GOS and numbers of channels in Table 3.4. 
 

The Erlang B formula: determines the probability that a call 

is blocked and is a measure of the GOS for a trunked system 

which provides no queuing for blocked calls. (Appendix A) 



Erlang B Trunking GOS 



Erlang B 



•  The second kind of trunked system is one in which a queue is 
provided to hold calls which are blocked.  

•  If a channel is not available immediately, the call request may be 
delayed until a channel becomes available. This type of trunking is 
called Blocked Calls Delayed, and its measure of GOS is defined 
as the probability that a call is blocked after waiting a specific 
length of time in the queue. To find the GOS, it is first necessary 
to find the likelihood that a call is initially denied access to the 
system. 

•   The likelihood of a call not having immediate access to a channel 
is determined by the Erlang C formula derived in Appendix A 



Erlang C 



The GOS of a trunked system where blocked calls are delayed is 

where the average delay for those calls which are queued is given 
by H/(C—A). 
 
 
  



•  Trunking efficiency: is a measure of the number of users which 
can be offered a particular GOS with a particular configuration 
of fixed channels.  

 
•  important note: 
 
•  The way in which channels are grouped can substantially alter 

the number of users handled by a trunked system.  
•  For example, from Table 3.4, 10 trunked channels at a GOS of 

0.01 can support 4.46 Erlangs of traffic,  
•  whereas 2 groups of 5 truncated channels can support 

2x1.36=2.72 Erlangs of traffic. 
•  Clearly, 10 channels trunked together support 60% more traffic 

at a specific GOS than do two 5 channel trunks!  
 

 It should be clear that the allocation of channels in a trunked 
radio system has a major impact on overall system capacity. 














