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摘   要 

  本篇論文提出以預先通知的方法解決無線隨意網路下暫時性收訊死角問題,

修改 要求傳送/允許傳送 交換機制通知參與競爭的節點他們在接收端的暫時性

收訊死角範圍內.接著,修改退後機制減少頻道閒置的時間.模擬結果顯示,提出

的方法是有效的. 
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Abstract 

 

 In this thesis, we present a pre-notification method for solving deafness problem 

in wireless ad hoc networks. The RTS/CTS exchange scheme is modified to inform 

the contending stations that the receiver is deaf to them. Then, we modify the backoff 

scheme to lower the channel idle time. Simulation results are given to show the 

effectiveness of the proposed approach.  
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Chapter 1 

Introduction 
 

 The development of wireless ad hoc networks grows rapidly in recent 

years. People use handheld devices, such as personal digital assistant 

(PDA) or notebooks to communicate with each other. In wireless ad hoc 

networks, Medium Access Control (MAC) protocol is a very important 

issue. Due to the lack of central control mechanism, stations contend the 

medium with their neighbors for using the channel. The original IEEE 

802.11 MAC protocol [1] uses control packets like Request To Send (RTS) 

packet and Clear To Send (CTS) packet to reserve the channel for 

transmissions when the size of data packet is greater than the RTS 

threshold. Many other MAC protocols [2] [3] [4] [5] [6] [7] [8] [9] [10] 

[11] based on RTS/CTS exchange try to modify the 802.11 MAC scheme 

to improve throughput and end-to-end delay.  

 Considering the simplicity on development of antenna technology, 

most of the proposed MAC protocols use an omni-directional antenna for 

transmitting control and data packets. An old problem called hidden 

terminal problem is presented because of vulnerability of physical carrier 

sensing. Sender cannot know whether the channel is busy or not at 

receiver side. The RTS/CTS exchange scheme can be used to overcome 

the hidden terminal problem. With omni-directional transmission, RTS 

and CTS packets are used to let the vicinity of sender and receiver to 

defer transmission in the timeslot of ongoing transmission. In this way, 
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the progressing session will not be affected. However, another one called 

exposed terminal problem causes inefficient use of the channel. It results 

from the omni-directional use of RTS and CTS packets. In some situation, 

RTS/CTS exchange will let harmless stations retreat from possible 

transmissions. 

 Thus, some RTS/CTS based MAC protocols [9] [10] [11] try to apply 

directional antenna in ad hoc networks. They use directional transmission 

to improve throughput in the existence of exposed problem. Some 

unacceptable sessions in IEEE 802.11 MAC protocol can progress 

parallel with the original session. Due to the benefits of channel reuse and 

extend transmission range, directional antenna becomes a new research 

topic in ad hoc MAC protocol. With the use of directional antenna, a new 

problem, called as deafness problem rises.  

 The deafness problem causes when a transmitter fails to 

communicate to its intended receiver, and the receiver is beamformed 

towards a direction away from the transmitter. Figure 1 is a simple 

example of deafness problem. 

 In Figure 1, Station X is communicating with station D and they all 

use directional transmission. In the same time, station S tries to send RTS 

to station X, but station X cannot receive RTS successfully because its 

antenna is toward station D. Then, station S will do backoff operation and 

it may probably lose the chance to communicate with station X as soon as 

station X is not busy. As backoff time becomes larger, station S will waste 

too much time backing off even that station X may become accessible. 

This leads to channel wastage. 
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Figure 1.1 An example of deafness problem 

 

 In addition to channel wastage, the deafness can lead to large delay 

variances and unfairness. 

 Some protocols are proposed to alleviate deafness problem. In [12], 

the authors use a tone-based scheme to cooperate with binary exponential 

backoff algorithm to solve deafness problem. As detecting the tone, 

stations cancel their original backoff window and renew a small one, thus 

prevent from having too large backoff window caused by deafness. In 

[13], they propose a method to proactively judge whether to send RTS or 

not. If there is probably a deafness situation, station will defer RTS. In 
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[14], they propose a circular RTS mechanism to prevent deafness 

problem in sender’s vicinity. However, these methods need to split 

channel to send tones, modify packet format or have heavy traffic 

overhead due to too much control packets.  

 In this thesis, we propose a scheme called pre-notification scheme to 

alleviate deafness problem. First, we use a method to tell deafness 

scenario from congestion. Then, we modify the RTS/CTS exchange 

scheme to adapt to directional antenna. Finally, we modify the BEB 

(binary exponential backoff) algorithm to alleviate deafness problem. 

 The remainder of this thesis is organized as follows. In Chapter 2, we 

present some directional MAC protocols and some schemes for solving 

deafness problem. The antenna model and pre-notification approach are 

given in Chapter 3. Chapter 4 shows our simulation results. Finally, the 

conclusion and future work are given in Chapter 5. 
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Chapter 2 

Related Work 

     
 In this chapter, first we review the basic scheme of IEEE 802.11 

RTS/CTS mechanism [1]. Then we present some RTS/CTS based 

directional MAC protocols [9] [10] [11]. These protocols are proposed to 

use directional transmission to transmit control packets and data packets. 

The rest of this chapter we introduce some proposed methods to alleviate 

deafness problem [12] [13] [14]. 

 

2.1 The IEEE 802.11 RTS/CTS mechanism 
 The IEEE 802.11 distributed coordination function (DCF) is based on 

carrier sense multiple access with collision avoidance (CSMA/CA). 

RTS/CTS exchange is used for solving hidden terminal problem. In 

802.11, when the packet size is greater than the RTS threshold, it will use 

RTS/CTS exchange to send the packet. Because RTS/CTS scheme needs 

to follow the normal operation of DCF, it still has to do backoff operation 

before transmission. 

 In 802.11, contention window is used for congestion control. That is, 

sender is suggested doing backoff operation before sending RTS. After 

sender transmits RTS packet, it does not receive CTS before the 

expiration of the timer, then the sender increases its contention window. 

Then it does backoff operation again and the backoff time here is 
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increased because the contention window is double. For example, the 

contention window is grown like 31, 63, 127, 255, 511, and 1023. We 

choose a random number between zero and the contention window and 

the backoff time is the chosen number multiplied by the timeslot. Until 

the end of the backoff, it can retransmit RTS. If the timer for this RTS still 

expires, the contention window and the backoff time will increase again. 

 In 802.11, these steps are taken because it is considered as congestion 

situation. There may be some nodes contend to use the channel. With 

Binary Exponential Backoff mechanism, it can mitigate the congested 

situation. 

 Here we use a simple case to see the operation of IEEE 802.11 

RTS/CTS mechanism. In Figure 2.1, Station A has a packet to send to 

Station B. First Station A sends a Request to Send (RTS) control packet to 

Station B. Upon receiving the RTS packet, Station B sends a Clear to 

Send (CTS) control packet back to Station A. If Station A receives CTS 

from Station B successfully, it can send the data packet. Then, if Station B 

receives data packet successfully, it sends an Acknowledge (ACK) back 

to Station A. 
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Figure 2.1 The operation of RTS/CTS mechanism of IEEE 802.11 

 

2.2 The Directional MAC protocols 
 Current MAC protocols using omni-directional RTS and 

omni-directional CTS waste wireless bandwidth by reserving the wireless 

medium over a large area. To improve bandwidth efficiency of the 

previous MAC protocols, there are some RTS/CTS based Directional 

MAC protocols [9] [10] [11] proposed, utilizing the directional 

transmission capability of directional antenna. We discuss them below. 

2.2.1 Dir-RTS and Omni-CTS 
 The MAC [9] is one of the first efforts to adapt the 802.11 MAC 

protocol for directional antennas. The main feature of this paper is that 

they use directional RTS to relieve the exposed terminal problem. 
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 The key point to note in this scheme is that, when using directional 

antennas, while one directional antenna at some station may be blocked, 

other directional antennas at the same station may not be blocked, 

allowing transmissions using the unblocked antennas. 

 Here is an example of DMAC. In Figure 2.2, assume that Station A 

has a data packet for Station B, and assume that no other data transfers 

are in progress (so none of the antennas is blocked). In this case, Station 

A sends a directional RTS in the direction of Station B. If Station B 

receives the directional RTS packet from A successfully, it then returns an 

omni-directional CTS reply. The location information is included in the 

omni-directional CTS packet: location of the Station sending 

omni-directional CTS (Station B's location in Figure 2.2) and location of 

the sender of the corresponding directional RTS packet (Station A in 

Figure 2.2). After the successful exchange of directional RTS and 

omni-directional CTS packet, a data packet is sent by Station A using a 

directional antenna. When Station B receives the data packet, it 

immediately sends an ACK to Station A using a directional antenna. 
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Figure 2.2 The operation of DMAC 

 

2.2.2 Omni-RTS and Omni-CTS 
 The other protocol proposed by Nasipuri [10] uses an RTS/CTS 

exchange similar to that in 802.11 for enabling the source and destination 

nodes to identify each other’s directions. 

 The transceiver in each node is assumed equipped with M directional 

antennas. The M antennas in each node are fixed with non-overlapping 

beam directions. When receiving on all antennas, the receiver uses the 

direction of the antenna that receives the maximum power of the signal as 

the direction of the sender. 

 In Figure 2.3, station A wanting to send a data packet to station B, 

first transmits an RTS packet to station B. This is transmitted on all 



 14

antennas of station A, as it does not know the direction of station B at the 

start. If station B was in standby and receives the RTS packet correctly, it 

responds by transmitting a CTS packet, again on all directions (antennas). 

However, station B notes the direction from which it received the RTS 

packet by noting the antenna that received the maximum power of the 

RTS packet. Similarly station A estimates the direction of station B while 

receiving the CTS packet, and if the RTS-CTS handshake is performed 

successfully, proceeds to transmit the data packet on the antenna facing 

station B. All the neighbors of station A and station B, who hear the 

RTS-CTS dialog, use this information to prevent interfering with the 

ongoing data transmission. It is noted that when station B receives data 

packets from station A successfully, it does not transmit ACK back to 

station A. It is a place different from 802.11. 

 

 



 15

 

Figure 2.3 The operation of the scheme in [10] 

 

 This protocol has the benefit from RTS/CTS exchange for avoiding 

hidden terminal problem. However, it still has the problem of exposed 

terminal problem because the omni-directional use of control packets. It 

does not gain the advantage of spatial reuse from directional 

transmission. 

 

2.2.3 Dir-RTS and Dir-CTS 
 In DVCS [11], the main capability added to the original 802.11 MAC 

protocol is AOA (Angle of Arrivals) cache. Each station caches estimated 

AOAs from neighboring stations when it hears any signal, regardless of 

whether the signal is sent to the station. When the sender wants to send 

data to one of its neighbor, if AOA information for the neighbor has been 
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cached, it beamforms the underlying directional antenna in that direction 

to transmit the RTS; otherwise the control packet is transmitted 

omni-directionally. Then, the ongoing CTS packet, Data packet and ACK 

are performed directionally according to the AOA cache. (See Figure 2.4) 

 

 

Figure 2.4 The operation of DVCS 

 

 The network throughout of this protocol increase 3-4 times compared 

to 802.11 because the advantage of spatial reuse. However, this protocol 

does not address deafness problem. 

 

2.3 Solutions for the deafness problem 
 With directional transmission, it has deafness problem because 

directional transmission cannot inform all of sender’s neighbors about the 

ongoing transmission. So some MAC protocols [12] [13] [14] are 
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proposed to mitigate the deafness problem. We discuss them as follows. 

 

2.3.1 The Tone DMAC 
 The Tone DMAC [12] performs directional transmission for all 

control packets and data packets, and does not try to inform its neighbor 

about its intended communication. However, once the transmission is 

over, the sender and receiver transmit out-of-band tones to inform their 

neighbors about the end of the transmission (See Figure 2.5). Tones are 

transmitted omni-directionally. On detecting the tone, the neighbor that 

had been failing to establish communication with sender or receiver 

cancels its remaining backoff and starts a new one (See Figure 2.6). In 

802.11, a station that does not receive CTS in reply to its RTS performs 

the backoff algorithm thus aggravate deafness problem. 

 This protocol provides a scheme to reduce effects of deafness, but it 

needs to split channel to transmit out-of-band tones. 
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Figure 2.5 The operation of ToneDMAC 

 

 

Figure 2.6 The timeline of ToneDMAC 
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2.3.2 The Enhanced DMAC 
 The Enhanced DMAC [13] tries to alleviate deafness problem 

another way. Each station maintains a neighbor transmission table (NTT) 

for all ongoing transmissions in its neighborhood. The NTT stores the 

address of the source station, which sent the RTS and the duration of the 

corresponding transmission. As for the CTS, the protocol has made one 

modification to its header. CTS now include the sender address too. 

According to the information from NTT, a station can decide whether to 

send RTS packet or not. Before sending RTS, a station uses NTT to 

determine if its destination is deaf or not. If is, it has to defer RTS, 

because the destination probably will not send back CTS. 

 In Figure 2.7, Station A has a packet for Station B. Station A checks if 

Antenna (B, A) = Antenna (B, S). That is, there is an ongoing 

transmission between Station B and Station S. Station A and Station S are 

both in the direction of Antenna 4 of Station B and cannot be received 

simultaneously by Station B. This prevents unwarranted transmissions of 

RTS from station A. 
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Figure 2.7 An example of the Enhanced DMAC 

 
 This protocol proactively tries to reduce precautionary deafness at the 

receiver. However, this protocol needs to modify the 802.11 packet 

format. 

2.3.3 The Circular RTS 
 The Circular RTS [14] is also based on RTS/CTS exchange scheme. 

RTS is transmitted in all directions, but one at a time in a circular way, 

until it scans all the area around the sender. The neighbor uses this 

circular RTS to decide for its transmission differentiation in order not to 

destroy the ongoing transmission. This method let the source’s vicinity be 

informed about the intended transmission. 
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 For example, in Figure 2.8, Station A has a data packet for Station B. 

First Station A transmits duplicate RTS packets to four directions one at a 

time in its four antennas. Upon receiving the RTS packet, the neighbor 

sets its Network Allocation Vector (NAV) and suspends transmission in 

this period. If one of Station A’s neighbor has a data packet to send in this 

period, it waits until the timer of the NAV expires. This way it can 

prevent the deafness problem from happening around the Station A. Then, 

as receiving the RTS packet, Station B sends back the CTS packet 

directionally and the Data packet and ACK are sent directionally. 

 
Figure 2.8 The operation of Circular RTS 
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 This protocol provides strong decrease in the hidden terminal 

problem and relieves the deafness problem around the sender by 

transmitting circular RTS, but it still has deafness problem around the 

receiver. In addition, it has too much overhead due to the circular RTS 

packets. Our proposed approach is compared with this scheme, but we do 

not need as much control packets to inform neighbors. We will discuss it 

in the next chapter. 
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Chapter 3 

Pre-notification approach 
 

 In this chapter, we introduce pre-notification approach to solve 

deafness problem in wireless ad hoc networks. First, we compare 

different radio models and observe the antenna status in different stages. 

Then, a more realistic radio model is presented. Based on this radio 

model, we proposed a pre-notification approach to solve deafness 

problem. In our approach, two parts in 802.11 MAC protocol are 

modified. One is RTS/CTS exchange scheme. The other is Binary 

exponential backoff (BEB) mechanism. 

 

3.1 The radio mode of transmission 

 First, we introduce antenna model. In IEEE 802.11, antenna model is 

always in omni-directional mode whenever it transmits or receives a 

control or data packet. In DVCS, sender sends RTS directionally if it has 

location information about the receiver, otherwise it sends an 

omni-directionally RTS. Therefore, in RTS transmission stage the antenna 

of the sender may be one of the two modes – omni-directional or 

directional. The antenna of the receiver is in omni-directional mode to 

receiver RTS. After sending or receiving RTS packet, the station changes 

its antenna mode to directional mode. It means that initially the antenna is 

in omni-directional mode. After sending or receiving RTS packet, it 

changes to directional mode. It returns to omni-directional mode after 
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sending or receiving the Ack. In Circular Directional RTS, it transmits 

RTS to all directions one at a time in a circular way. Different from 

DVCS, sender receives CTS omni-directionally. Then it performs packet 

transmission directionally until the end of the transmission. That is, the 

antenna is in omni-directional mode at the start. The sender sends circular 

RTS directionally and then changes to omni-directional mode to receive 

CTS from its receiver. After receiving CTS, it switches to directional 

mode. The receiver changes to directional mode after it receives RTS 

packet omni-directionally. Table 3.1 shows the antenna status of different 

stages in detail. 

 

Table 3.1 Antenna status of different stages 

  RTS CTS Data ACK 

  transmit receive transmit receive transmit receive transmit receive 

802.11 Omni omni omni omni omni omni omni omni 

DVCS dir/omni omni dir dir dir dir dir dir 

Circular
RTS 

Circular 
dir 

omni dir omni dir dir dir dir 

 

 In our scheme, antenna model is in omni-directional mode initially. If 

it needs to transmit RTS or CTS packet, it changes to directional mode. 

Then it switches back to omni-directional mode until the end of the 

transmission. We use this scheme to separate deafness situation from 

congestion situation. That is, before the end of RTS omni-receiving stage, 

station can receive RTS packets from any direction. These RTS packets 

are considered to contend the channel and the loser of the contention will 
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follow steps of our approach. After the RTS omni-receiving stage, station 

changes to directional transmitting and directional receiving mode. It 

does not receive any packet besides its intended receiver. Before the end 

of the transmission, the station may have other RTS for it. However, it 

cannot receive them and the senders of these RTS packets are regarded as 

sending packet to a busy station. Then these stations obey the IEEE 

802.11 MAC protocol to do backoff operations. From the antenna status 

of our approach (See Table 3.2), we define deafness situation. Next 

section we give details of our approach to deal with deafness situation. 

 

Table 3.2 Antenna status of our approach 

  RTS CTS Data ACK 

  transmit receive transmit receive transmit receive transmit receive

new dir omni dir dir dir dir dir dir 

 
 
 

3.2 Pre-notification CTS packet 

 In this section, we modify RTS/CTS exchange scheme such that the 

situation of deafness is separated from congestion. 

 In IEEE 802.11, Station A and Station C may try to send packet to 

Station B at the same time (Figure 3.1). Station A’s RTS arrives at Station 

B before Station C’s RTS. Then Station B chooses Station A as the winner 

of the contention and sends CTS packet to Station A. Station C does 

backoff operation and does the next contention until the end of the 

backoff (Figure 3.2). In 802.11, it does Binary Exponential Backoff to 
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alleviate congestion situation. 

 

Figure 3.1 The operation of IEEE 802.11 

 

 
Figure 3.2 Timeline of IEEE 802.11 

 

 When using directional transmission, it causes deafness problem. So 

in our approach, upon receiving RTS from Station A and Station C 

(Figure 3.3), we send back CTS to both of them (Figure 3.4). We do not 

send duplicate CTS packets to them, but original CTS to each of them. 

Avoiding causing all of them sending data packets to station B, we 

require a modification here. We change the content of the CTS packets 

that are sending back to the losers of the contention (in this case: Station 

C). We change the duration time of the CTS packet to zero. Thus, 

according to the field of the duration time we can use CTS packets to 
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inform these contending stations about the deafness circumstance. 
 

 

 
Figure 3.3 The operation of RTS stage 

 

 
Figure 3.4 The operation of CTS stage 

 

 

3.3 Modified backoff mechanism 

 In this section, we describe another modification. In section 3.2, we 

send CTS packets back to stations that have sent RTS packets before. We 

send CTS packets that duration time setting to zero back to stations that 
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lose in the contention period. Stations receiving CTS packets check if 

duration time equals to zero or not. If so, it does not increase its backoff 

time and after the chosen backoff time it retransmits RTS packet (Figure 

3.5). That is, we consider it as deafness situation and these stations do not 

follow binary exponential backoff scheme. If duration time does not 

equal to zero, the station sends data packet and then it follows the steps of 

802.11.  

 

 
Figure 3.5 The timeline of our approach 
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Chapter 4    
Simulation 
 

 In this chapter, we simulate our pre-notification approach to solve 

deafness problem. We use NS2 [15] as our simulation environment. 

Because the network simulator does not have components about 

directional antenna, we use the directional antenna model in The 

Enhanced Network Simulator (TeNs) designed by Kumar and Roy [16]. 

TeNs is an attempt to address the deficiencies of NS2 in the modeling of 

IEEE 802.11 MAC layer protocol. In section 4.1, we design a simple 

deafness problem case to compare difference between Circular RTS, 

directional transmission without pre-notification approach (Directional 

IEEE 802.11) and our proposed method (Pre-notification approach). In 

section 4.2, we vary the packet size to observe the overall time needed 

and throughput at different data rates. In section 4.3, we vary the number 

of contending stations to see the effect when the network environment 

becomes more dense and congested. At last, we design a simple linear 

topology to see a multi-hop case in section 4.4. 

 

4.1  A simple deafness case 

 In this section, we devise a simple deafness problem environment. 

Figure 4.1 shows that Station 0 transmits UDP per second to Station 1 

from timeslot 5 to timeslot 35 and Station 2 transmits UDP per second as 

well to Station 1 from timeslot 15 to timeslot 45. Packet size is a constant 

about 2500 bytes. 
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Figure 4.1 The topology of our simple case 

 

 Figure 4.2 shows the result of Figure 4.1. The X-axis is the timeslot 

from timeslot 5 to timeslot 45. The Y-axis is the overall time needed to 

complete transmissions at that timeslot. That is, from timeslot 5 to 

timeslot 15, it is recorded the required time Station 0 transmits a UDP to 

Station 1 from sending out RTS until the reception of ACK. From 

timeslot 35 to timeslot 45, it is the same for the session Station 2 

transmits a UDP to Station 1. From timeslot 15 to timeslot 35, the two 

transmissions process parallel and cause deafness problem. 
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Figure 4.2 The successful transmission time of Figure 4.1 

 

 In the period of single transmission, Circular RTS costs more 1086 * 

10-6 seconds to complete and about 33.95% compare to the other two 

methods. It is because Circular RTS needs to transmit RTS circularly 

around the sender before each packet transmission. In our experiment, 

Circular RTS needs to transmit in its four antennas one at a time and 

informs its neighbor about the ongoing transmission. Directional IEEE 

802.11 and our Pre-notification approach cost the same because there is 

no deafness situation under single transfer. 

 In the time from 15 to 35, Circular RTS costs average of 

10288.16*10-6 seconds to complete the two sessions. Directional IEEE 

802.11 costs about 8182.474*10-6 seconds and decreases about 26% 
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compare to Circular RTS. Pre-notification approach needs about 

7231.947*10-6 seconds and reduces 42% and 13% of time compare to 

Circular RTS and Directional IEEE 802.11. 
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Figure 4.3 The chosen contention window of Figure 4.1 

 

 From Figure 4.3, we can see each contention window chosen in each 

timeslot from time 15 to 35. Directional IEEE 802.11 shows more 

variance compare to Pre-notification approach because it does Binary 

Exponential Backoff (BEB) before retransmitting RTS.  

 

4.2  Variable packet size 

 In this section, we vary the packet size in the case of Figure 4.1. We 

change UDP packet size from 625 bytes to 5000 bytes to record the time 
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needed to complete the transmission from time 15 to 35. It shows from 

Table 4.1 that as packet size increases, it needs more time to transmit a 

data packet. However, from 625 bytes case to 5000 bytes case, difference 

between three methods are about the same (See Figure 4.4). 
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Figure 4.4 The successful transmission time of different packet size 

 

Table 4.1 The table of Figure 4.4 (*10-6 sec) 

 625 (bytes) 1250(bytes) 2500(bytes) 5000(bytes) 

Circular RTS 7366 8470 10288 13926 

Directional IEEE 
802.11 

5455 6364 8226 11819 

Pre-notification 
approach 

4505 5414 7232 10869 
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 Now, we use the case of Figure 4.1 as well, but change the traffic 

from Constant Bit Rate (UDP) to TCP. Packet size is also a constant 

about 2500 bytes. Two sessions send TCP traffic simultaneously for 10 

seconds. 

 In Figure 4.5, the X-axis is the data rate from 200k bit per second to 

2600k bit per second (2.6Mbps). The Y-axis is the throughput, which 

means the number of TCP packets received successfully. When sending in 

200k bps, three methods perform about the same. However, as data rate 

increases, Circular RTS gets worst performance. It is because the 

overhead of Circular RTS is too high. In addition, the Directional IEEE 

802.11 and the Pre-notification approach perform almost the same 

regardless of data rate. We can conclude that our proposed method does 

not adapt to environment of continuous traffic. However, it still performs 

as good as original backoff method. 

 



 35

0 500 1000 1500 2000 2500 3000
0

200

400

600

800

1000

1200

1400

1600

Data rate (kbs)

th
ro

ug
hp

ut
 (*

25
00

by
te

s)

Circular RTS
Directional IEEE 802.11
Pre-notification approach

 

Figure 4.5 The throughput of different data rate 

 

4.3  Variable number of contending stations 

 In this section, we vary the number of contending stations. In Figure 

4.6, compare to the case in Figure 4.1, we add another two stations – 

Station 3 and Station 4. We increase the number of contending stations 

from 1 to 4 and record the required time to transmit a 2500 bytes UDP 

packet per second from all contending stations. 
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Figure 4.6 The topology of variable contending stations 

 

 In Figure 4.7, the X-axis means the number of contending stations. In 

our simulation, X=1 means there is just Station 0 transmits packet to 

Station 1. X=2 means Station 0 and Station 2 transmit packet to Station 1 

simultaneously. X=3 means Station 3 attends the contention and X=4 

means Station 4 does the same operation as other three stations. The 

Y-axis means the overall time needed to complete all attending 

transmissions.  

 From Figure 4.7 and Table 4.2, we can see that as the number of 

contending stations increases, Circular RTS needs more much time to 

complete. The difference between Circular RTS and the other two 

becomes larger as the number of contending stations increases. 

Comparing Directional IEEE 802.11 method and Pre-notification 

approach method, as number of stations increases, Pre-notification 
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approach performs better than the Directional IEEE 802.11. This means, 

as network environment becomes dense, Pre-notification approach 

provides better operation to handle deafness problem. 

 

 

 

Figure 4.7 The successful transmission time of different number of 

contending stations 

 

Table 4.2 The table of Figure 4.7 (*10-6 sec) 
Number of contending 

Stations 

 

1 2 3 4 

Circular RTS 4282 10288 15645 21118 

Directional IEEE 
802.11 

3196 8177 11654 16474 

Pre-notification 
approach 

3196 7232 10632 14636 
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4.4  A multi-hop case 

 In this section, we simulate a simple multi-hop case. See Figure 4.8, 

there is five stations in this linear topology. Station 0 sends FTP packets 

fixed to 2500 bytes to Station 4 in 100 sections. We use AODV as our 

routing protocol. 

 

 

Figure  4.8 the topology of multi-hop case 

 
 In Figure 4.9, the X-axis means the different data rates. The Y-axis 
means the throughout successfully received at Station 4.  
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Figure 4.9  the throughput of different data rate 

 

 From Figure 4.9, we can see that as data rate increases, our approach 

performs better than Circular RTS and performs as good as Directional 

IEEE 802.11. This result means that our approach does not increase too 

much overhead in a multi-hop wireless network. 
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Chapter 5 

Conclusion and future work 

    
 In this thesis, we propose a pre-notification approach to solve 

deafness problem in wireless ad hoc networks. Our methods modify IEEE 

802.11 MAC protocol in two places. First, we change the RTS/CTS 

exchange scheme. We use CTS packet with duration time equals to zero 

to inform the defer stations that the receiver is deaf to them. Then, as 

receiving these pre-notification CTS packets, stations do not do Binary 

Exponential Backoff (BEB) but maintain a fixed Backoff timer. By this 

way, we can reduce channel idle time. Simulation results show that our 

scheme is suitable for the network with directional antennas and perform 

better as the network becomes dense. In order to increase the 

effectiveness, we plan to include the hidden terminal problem and the 

exposed terminal problem to gain full benefit from directional 

transmission. 
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