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1. Introduction 
Safety being the prime concern in transportation, successful transmission of beacon messages from each vehicle takes the highest 
priority. Beacon messages are the messages containing the information about the velocity, position, direction etc. The beacon 
messages are transmitted in the Dedicated Short Range Communication (DSRC) band on the highway system. These messages are 
transmitted between the other vehicles, vehicle–to-vehicle (V2V) and the road side units (RSU). On the basis of the beacon 
message, requirements of safety applications are rendered to the drivers to act accordingly in prevention of collision and other 
emergencies.   
 
2. The Model 
We propose the model in two stages. 

 The basic broadcast protocol by IEEE 802.11 DCF 
 The SMP, which captures the channel contention and the backoff behaviour for a single vehicle. 

 
2.1. IEEE 802.11 DCF 
The DCF [1] basic access method is shortly summarized as follows. A station with a packet to transmit monitors the channel 
activity until an idle period equal to a distributed interframe space (DIFS) is detected. The time immediately following an idle 
DIFS is slotted, and a station is allowed to transmit only at the beginning of each slot time, defined as the time needed at any 
station to detect the transmission of a packet from any other station. It accounts for the propagation delay, for the time needed to 
switch from the receiving to the transmitting state (RX TX Turnaround Time), and for the time to signal to the MAC layer the 
state of the channel (busy detect time). After sensing an idle DIFS, the station generates a random backoff interval before 
transmitting. The backoff time counter is decremented as long as the channel is sensed idle, stopped when a transmission is 
detected on the channel, and reactivated when the channel is sensed idle again for more than a DIFS (see Fig 1). The station 

transmits when the backoff time reaches zero. At each transmission, the backoff time is uniformly chosen in the range  0, 1w
. 

At the first transmission attempt, w W , namely the minimum backoff  window. After each unsuccessful transmission, w   is 
doubled, up to a maximum value 2nW. Since the CSMA/CA does not rely on the capability of the stations to detect a collision by 
hearing their own transmission, a positive acknowledgment (ACK) is transmitted by the destination station to signal the successful 
packet transmission. To allow an immediate response, the ACK is transmitted following the received packet, after a short 
interframe space (SIFS). If the transmitting station does not receive the ACK within a specified ACK Timeout, or it detects the 
transmission of a different packet on the channel, it reschedules the packet transmission according to the previous backoff rules. 
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Abstract: 
Beacon messages, consisting the position, velocity, direction, etc, are broadcasted by every moving vehicle time to time. A 
semi markov processes (SMP) is developed to analyse the tagged vehicle’s messages. In this paper we give the mathematical 
analysis and the steady state probabilities for each state of the SMP. 
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Figure 1 

 
Each vehicle in the network can generate messages and compete for the available channel to transmit their message. If a vehicle 
does not have any message to transmit, it will wait for a packet to be generated. Then, for a newly generated packet, the vehicle 
senses the channel activity before it starts to transmit the packet. If the channel is sensed idle for a time period of distributed inter-
frame space (DIFS), the packet can be directly transmitted. Otherwise, the vehicle continues to monitor the channel until the 
channel is detected to be idle for DIFS time period. Subsequently, according to the collision avoidance feature of the protocol, the 
vehicle goes through the backoff process before transmitting the packet. It generates an initial random backoff counter from a 
uniform probability mass function over the range [0, CW], where CW represents the contention window. The backoff time counter 
is decreased by one if the channel is sensed idle for a time slot of duration . Otherwise, the counter is frozen and reactivated 
when the channel is sensed idle again for more than DIFS duration. The packet is transmitted as soon as the backoff counter 
reaches zero. After this packet is transmitted, if there is no packet left in this vehicle, the process will start over again and the 
vehicle will wait for the next packet to be generated. Otherwise, if there are packets left, the vehicle repeats the procedure starting 
with sensing the channel for DIFS duration and going through the backoff procedure before transmitting the next packet. 
According to the protocol, a vehicle must go through the backoff process between two consecutive packet transmissions even if 
the channel is sensed idle for the duration of DIFS time for the second packet. 
 
2.2. Semi Markov Process (SMP) Model 
The behaviour of a tagged vehicle is characterized using the irreducible SMP [2] model in Fig. 3. The tagged vehicle is in idle 
state if there is no packet. After a packet is generated, the vehicle senses channel activity for DIFS time period, which is 
represented by state CS1. If the channel is detected not busy during this period (with probability 1-qb), the vehicle goes from idle 
state to TX state, which means that a packet is transmitting.  
Otherwise, the vehicle will defer until channel is idle for DIFS duration represented by state DCS. Such deference behaviour for the 
tagged vehicle includes two parts: waiting for the current packet in the channel finishing transmission and waiting for subsequent 
transmissions if any from other neighbours within its receiving range.  
The self-loop for state DCS represents the phenomena in Fig 2. that the tagged vehicle (vehicle B) waits for the current packet 
(from vehicle A) in the channel finishing  transmission, and then senses the channel for DIFS time, which seizes the transmission 
from another vehicle (vehicle C) and leads to further deference for backoff procedure of vehicle B. The probability that the tagged 
vehicle detects another neighbours’ transmission during DIFS time is denoted as rb. If no other neighbours’ transmission is 
detected, the tagged vehicle will start backoff procedure and randomly choose a backoff counter in the range [0, W-1], where 
W=CW+1 is the backoff window size. The backoff counter will be decreased by one if the channel is detected to be idle for a time 
slot of duration   (with probability 1-pb), which is captured by the transition from state W-i to state W-i-1. If the channel is busy 
during a backoff time slot of duration   (i.e., another vehicle starts to transmit a packet during this time slot), the backoff counter 
of the tagged vehicle will be suspended, which represented by the transition from state W-i to DWi- 1 with probability pb. Similar to 
state DCS, state DW-i-1 also contains self-loop because other neighbours transmission can lead to further deference of the tagged 
vehicle. When the backoff counter reaches zero, the packet will directly be transmitted (an SMP transition occurs from state 0 to 
state TX with probability one).  
In TX state, a packet is transmitting. To capture the out-dated packet replacement behaviour, which can happen during any state 
except state idle, we simplify the model by considering the total replacement probability and placing it after state TX. If the 
current packet has not been replaced by the next packet (with probability 1-pf), the SMP goes to state idle. Otherwise, this current 
packet is out-dated and replaced by the next incoming packet. Such simplification is reasonable since the packet transmission 
delay is usually much smaller than the packet generation interval and hence the replacement occurs extremely rare.  
Next, the tagged vehicle starts the service for the next packet immediately and senses the channel for DIFS time (state CS2). A 
new backoff procedure is started subsequently for the new packet instead of inheriting the backoff state of the old message. This is 
mainly because the out-dated message may finish the backoff procedure and is replaced during its transmission. This newly 
proposed SMP model captures more detailed DCF behaviour for periodic beacon message transmission by adding more states and 
self-loop structure. In addition, out-dated message replacement behaviour is incorporated into the model by the newly introduced 
model parameter Pf. The sojourn times and steady-state solutions are computed here.  
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Figure 2 

 

 
Figure 3 

 
3. Computation of the Steady-State Probabilities for Each State 
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Substituting eqn (7) in (6) we get 

1 1 1 (1 )
jj j w b j b Dp r           , 0,1,2,..., 2j w      (8) 

 
Substituting 0,1,2,..., 2j w  in (8) and summing up we get 
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…………………………….. 
……………………………… 
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Summing up the above equations we get 
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Substituting  (11) in (9), we get, 

0 1 1( 1)w ww       

0 1ww              (12) 
Using eqn (10) in eqn (8) we get, 

1 1k k w     ,  0,1,2,..., 2k w  , 
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Expanding k  and summing up, we get, 

0 1 1w      

1 2 1w      
………………… 

1 1j j w      

0 1.j wj      

i.e., 0 1.j wj    
  

from (12)
 

1( )j ww j    ,   0,1,2,..., 1j w         (13) 
 
We know that from (10), 
  11

jb D j br p    , 0,1,2,..., 2j w  , 

and also   1j ww j    , 

put 1j j  , we get,  1 11j ww j        

 
  1

1
1j

b
D w

b

w j p
r

  

 
 


,  0,1,2,..., 2j w       (14) 

 

1To express all the states in terms of w   

W know that the total Probability = 1, Therefore, 

1 2

1 2

0 0

1
CS j

w w

D CS idle TX CS j D
j j

      
 

 

              (15) 

 
1

0

w

j
j

To find 



  

1 1

1
0 0

( )
w w

j w
j j

w j 
 


 

      2
1 0 1 2 ... 1w w w           ,

    

from (13) 

 1

1
0

1
2

w

j w
j

w w
 






 
  
 

         (16) 

 
2

0
j

w

D
j

To find 



  

  11
jb D j br p    ,  0,1,2,..., 2j w     

From (10) 
Summing up we get, 

 
2 2

1
0 0

1
j

w w

b D b j
j j

r p 
 


 

    1 2 1...b wp         

 
 2

1
0

1
1 2j

w
b

D w
j b

w wp
r

 





 
    

        (17) 

 

TXTo find  

1 0(1 )TX CS bq      0(1 )idle bq    ,   From (4) 



 The International Journal Of Science & Technoledge    (ISSN  2321 – 919X)    www.theijst.com                
 

35                                                     Vol 2 Issue 5                                                      May, 2014 
 

  1
1

TX w
f b f

w
p q p

  
   

        (18) 

1CSTo find  

1
(1 )CS idle TX fp        

From (2) and (3) 

1 1

(1 )
(1 )

f
CS w

f b f

p w
p q p

  



   

        (19) 

 

idleTo find  

1CS 
  1

(1 )
(1 )

f
idle w

f b f

p w
p q p

  



   

,
  From (2)

     (20) 

 

2CSTo find  

2 1

.
(1 )

f
CS TX f w

f b f

w p
p

p q p
    

   
       (21) 

 

SCDTo find  

 
 

 1 1

1
1 (1 ) 1SC

b fb
D CS w

b f b b

q p wq
r p q r

   


 

     
     (22) 

 
 
Substituting Eqns (16), (17), (18), (19), (20), (21) and (22) in Eqn (15), we get,  
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For the states 0,1,2,...,n , The steady-state probabilities of the SMP are 
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PL represents the packet length.  
Rd represents the data rate.  

Therefore 
PL
Rd

 is the time to transmit the packet. 

HT represents the time to transmit the packet header including physical layer header and MAC layer. 
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Calculation of  
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Summing up Eqns (27), (22), (29), (30), (31), (32) and (33), we get, 
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Where  
 pf: the probability that the beacon message will be updated or replaced by the next beacon message. 
 pb: the probability that the channel is detected busy (transmitting messages from other vehicles) in one time slot by the 

tagged vehicle. 
 qb: the probability that the channel is detected busy (transmitting messages from other vehicles) in DIFS time by the 

tagged vehicle. 
 rb: the probability that the channel is detected busy in DIFS time by the tagged vehicle after another neighbour of the 

tagged vehicle finishes transmission. 
 
4. Conclusion 
The mathematical analysis for each state of the semi markov process is completely evaluated and the behaviour of the beacon 
message contenting for the channel resource is modelled. Finally the steady state probability for the vehicle in transaction state is 
derived. 
 
5. References 

1. G. Bianchi, “Performance Analysis of the IEEE 802.11 Distributed Coordination Function,” IEEE Journal on Selected 
Areas in Communications, Vol. 18, No. 3, pp. 535–547, Mar. 2000. 

2. Xiaoyan Yin, Xiaomin Ma, Kishor S. Trivedi, “MAC and application level performance evaluation of beacon message 
dissemination in DSRC safety communication ,” Performance Evaluation,Vol. 71:1-24, Jan 2014. 

3. Xiaoyan Yin, Xiaomin Ma, Kishor S. Trivedi, “Performance Evaluation for DSRC Vehicular Safety Communication: A 
Semi-Markov Process Approach,” The Fourth International Conference on Communication Theory, Reliability, and 
Quality of Service. 

4. Jeffrey L. Adler, Victor J. Blue, “Toward the design of intelligent traveler information systems,” Transportation Research 
Part C 6 (1998) 157-172 

5. Andreas F. Molisch, Johan Karedal, and Christoph Mecklenbrauker, “Propagation aspects of vehicle-to-vehicle 
communications - an overview,” radio and wireless symposium, 2009. RWS’09, IEEE 179-182 

 
 
 
 


