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ABSTRACT - This paper evaluates the performance of WPX-

MAC (Wakeup-time Prediction X-MAC) protocol which allows 

senders to forecast the wakeup-time of neighbor nodes without 

periodically exchanging schedule information like synchronous 

MAC algorithm such as S-MAC[1]. The legacy X-MAC, one of the 

typical asynchronous MAC protocols,   immediately transmits a 

sequence of short preambles until the corresponding receiver will 

wake up to respond with an early acknowledgment. This paper 

proposes to insert the sleep period information into the early 

acknowledgement so that the sender can appropriately determine 

the suitable transmission time, especially when it needs to send 

frames to the same receiver in near future. To avoid subsequent 

collision, furthermore, WPX-MAC protocol is equipped with BEB 

(Binary Exponential Backoff) algorithm. The mathematical model 

shows that WPX-MAC outperforms X-MAC, especially when 

senders tend to deliver frames back-to-back.       

Index Terms—X-MAC, Binary Exponential Backoff,  

I. INTRODUCTION  

Duty-cycle MAC protocols are categorized into 

synchronous and asynchronous classes depending on whether 

senders know the exact wake-up time of their receivers. For 

appropriately scheduling transmission of frames, synchronous 

MAC protocols such as S-MAC [1] and SCP-MAC [2] need to 

frequently exchange their duty-cycle information among 

neighbors while asynchronous ones tend to immediately send a 

preamble long enough until receivers will eventually wake up 

and respond.  

X-MAC protocol [3] known as one of best asynchronous 

protocols delivers one short preamble after another with the 

gap during which the awaken receiver can reply with an early 

acknowledgement signaling that it is ready to accept 

subsequent data frames. Even though X-MAC dramatically 
reduces the duration of sending preambles by transforming a 

long preamble to a series of short poll messages, it still suffers 

severe performance degradation since it should continuously 

transfer short preambles during the whole cycle before 

detecting the occurrence of collision.   

This paper proposes WPX-MAC protocol to enhance the 

energy efficiency by providing the sleep period information 

via the early acknowledgment so that X-MAC senders can 

approximate the wakeup time of their receivers and decide the 

appropriate transmission time when they need to deliver some 

data in near future. WPX-MAC also runs the BEB algorithm 

to reduce the probability of collision since WPX-MAC senders 

are more likely to send frames at the same time than X-MAC. 

The analytical model witnesses that WPX-MAC achieves 

better performance as the sleep period becomes longer and 

more nodes are involved in competition.  

Figure 1. (a) Pseudo-code of WPX-MAC Algorithm, (b) Header of an Early 

Acknowledgement, (c) Sleep Period Table Format 

 

II. WPX-MAC PROTOCOL 

Figure 1 (a), (b), and (c) describe the WPX-MAC protocol 

behavior, the modified early acknowledgement format, and the 

data structure for maintaining the sleep periods collected from 
neighbors respectively. Whenever a node wakes up and has 

some data to send, WPX-protocol runs the algorithm depicted 

at Figure 1 (a). In Figure 1 (a), it runs either X-MAC at the left 

side or WPX-MAC at the right side depending on the 

availability of the sleep period information of the 

corresponding receiver. Figure 1 (c) describes SPT (Sleep 

Period Table) each row of which stores a neighbor node’s 

cycle duration information, the time for the latest frame 

exchange, and finally expiration time. Due to the clock drift, 

the contents of each SPT’s row will be deleted after its 

expiration time and relearned whenever frames are transmitted 

by X-MAC protocol. 

WPX-MAC protocol calculates the waiting time for the 

next transmission like Equation (1) where Pi, W0, Tcur, and T 



last are the reported period of destination node i, the size of the 

current CW (Contention Window) size, the current time, and 

the time of the last communication stored in SPT table 

respectively. For the waiting time before sending the current 

frame, Equation (1) computes the estimated wakeup time by 

adding the first two terms and then subtracts the random 
amount of time chosen from BEB algorithm and the current 

time from the estimated wakeup time. Note that int cur last
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in Equation (1) indicates an integer operator taking the integer 

quotient of division. 

int 1 [0,2 1](1)CWcur last
wait last i cur
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After idling for Twait, WPX-MAC protocol sends only few 

short preambles and stops further short preamble if an early 

acknowledgement does not come back. Finally WPX-MAC 
recalculates the next transmission time after doubling the 

contention window.     

III. WPX-MAC PROTOCOL PERFORMANCE MODEL 

Figure 2 shows the 2-dimensional Markov chain for 

evaluating the performance of WPX-MAC protocol under the 

assumption that the period information Pi is always available 

and nodes are enough data to send. It also assumes that WPX-

MAC runs BEB algorithm three times before abandoning the 

current frame. Like the conventional chain, two numbers of 

each circle represents the number of backoff due to collision 

and the remaining timeout count before sending frames. 

Furthermore, the box labeled by Pi before going to the next 

stage due to collision corresponds to one cycle delay waiting 

for deciding the next transmission time. 

Equation (2) finally calculates the throughput of WPX-

MAC where Sp[data], slot, and E(D) represent the packet size 

of a short preamble, duration short preamble and ACK,  and 
the average time spent for the successful transmission 

calculated from Equation (3). For more details, please refer to 

[4]. 
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Figure 2. Markov chain of WPX-MAC protocol 

IV.  EXPERIMENTS 

Figure (3) plots the throughput of WPX-MAC and  X-MAC 
against the nodes when the duration of one frame, Sp 10ms, Sal 

15.25ms. Figure (3) shows that WPX-MAC performs better 

than X-MAC over all nodes. It can be seen that the 

performance gap becomes smaller when the number of nodes 

increase. 

 

 

Figure 3.  Throughput of WPX-MAC Protocol 

V.  CONCLUSIONS 

This paper explores some mechanisms to improve the 

performance of X-MAC protocol when the cycle information is 

available and measure their impacts on the performance by 

building an analytical model. As future research, we will try to 

complete the model for evaluating various metrics such as 

delay and energy consumption. Furthermore, we plan to 

implement WPX-MAC modules for NS-2 simulator to verify 

the validity of the mathematical model.  
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