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Abstract 
 

In this paper, I propose an application layer cooperative congestion control scheme for safety 
message broadcast in vehicular networks, called CMS, that adaptively controls a vehicle’s 
safety message rate and transmit timing based on the channel congestion state. Motivated by 
the fact that all vehicles should transmit and receive an application layer safety message in a 
periodic manner, I directly exploit the message itself as a means of estimating the channel 
congestion state. In particular, vehicles can determine wider network conditions by appending 
their local channel estimation result onto safety message transmissions and sharing them with 
each other. In result CMS realizes cooperative congestion control without any modification of 
the existing MAC protocol. I present extensive NS-3 simulation results which show that CMS 
outperforms conventional congestion control schemes in terms of the packet collision rate and 
throughput, especially in a high-density traffic environment. 
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1. Introduction 

Safety message broadcasting is one of the key functions essential for vehicular 
communication in ITSs (Intelligent Transportation Systems). Vehicles broadcast their driving 
information such as GPS, heading angle, and speed, such that they can create a more efficient 
and safe driving environment; a vehicle may receive a crash warning when changing lanes, or 
it may announce an emergency such as a brake failure or road hazard. Above all things, to 
successfully obtain such benefits, the safety messages should be delivered in a stable manner, 
however it is very challenging since wireless transmissions may be significantly unreliable in 
vehicular networks. 

In order to handle this issue, two main ITS standards, WAVE [1] and ITS-G5 [2], employ a 
simple method of periodically (e.g., at 10Hz) broadcasting a safety message. Periodic message 
broadcast may appear to be an efficient strategy in vehicular networks, but such 
simple-minded broadcast can cause severe packet collisions, in particular, in high-density 
traffic areas. Several researchers have addressed this problem by adjusting transmit 
parameters such as transmit power, timing, and rate, according to the network congestion state 
[3]–[5]. New TDMA MAC protocols [6]–[8] and reservation schemes [9] also have been 
proposed to avoid packet collisions by allocating unoverlapped transmit slots to vehicles. 
Those schemes, unfortunately, still have significant limitations. First, most of them generally 

require substantial modifications of the existing standard; since the IEEE 802.11p [10] has 
been already approved for the underlying radio technology for both WAVE [1] and ITS-G5 [2], 
TDMA based MAC layer solutions or modified multi-channel operation schemes are basically 
impractical; additional APIs should be defined and implemented to access MAC layer 
information such as CBR (Channel Busy Ratio), since the application generally has no direct 
cross-layer communication with the MAC layer. Second, they rely on only a local 
measurement of the network congestion state (e.g., CBR) without information sharing 
between vehicles, with the result that vehicles suffer from the hidden terminal problem. Worse 
yet, the measured channel congestion state may be under-estimated, which brings ineffective 
collision resolution. 
In this paper, I propose a new cooperative congestion control scheme, called CMS, that 

adaptively controls a vehicle’s safety message rate and transmit timing based on the channel 
congestion state. Motivated by the fact that all vehicles should transmit and receive application 
layer safety messages in a periodic manner, the safety message itself is directly exploited as a 
means of cooperative estimation of the channel congestion state. More specifically, vehicles 
can determine wider network conditions by appending their local channel estimation result 
onto safety message transmissions and sharing them with each other. By doing this, vehicles 
easily estimate the number of hidden vehicles which may potentially affect their transmissions, 
as well as the number of vehicles in carrier sensing range. Finally, based on the estimation 
result, each vehicle adapts its transmit rate and timing to maximize the message transmission 
success probability. In CMS all these procedures can be done in application layer, and 
therefore we do not require any additional modification of the legacy MAC protocol. 
The design of CMS is challenging for the following reasons. First, the size of the local 

estimation result must be reduced when appending it to safety messages. To do this, I develop 
a novel compression scheme, effectively reducing the appending overhead without any loss of 
information. Second, when adapting the safety message rate, the actual MAC layer operation 
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should be taken into account, since all transmissions are eventually affected by MAC. The 
optimization framework for message rate control used here, thus includes the effect of the 
MAC channel contention. Extensive NS-3 simulation results show that CMS outperforms 
recently proposed congestion control schemes in terms of the packet collision rate and 
throughput, especially in a high-density traffic environment. 

I summarize the main contributions as follows. The main contribution is to propose a new 
application layer cooperative congestion control scheme for vehicular networks. I understand 
that the proposed scheme is a lot different than conventional congestion control schemes for 
the following two reasons. First, the proposed scheme effectively exploits the legacy safety 
message to realize cooperative congestion control in vehicular networks, while most previous 
schemes use non-cooperative methods. Second, CMS can be fully implemented by 
middleware-level software, different to other schemes that need to modify the existing MAC 
protocol and hardware. In addition, a mathematical analysis to derive the optimal probability 
to successfully transmit a safety message in CMS is provided. Lastly, to increase the fidelity of 
the evaluation, I implement five schemes in NS-3 and compare their performances. 
The remainder of the paper is organized as follows. Section 2 provides the related work, and 

I describe the CMS mechanism in a greater detail in Section 3. Section 4 shows the 
performance evaluation based on NS-3 simulation. I finally conclude this paper in Section 5. 

2. Related Work 
I survey the research results on congestion control schemes for vehicular networks related to 
CMS.  

To overcome the limitation of the CSMA/CA based IEEE 802.11p [10], numerous TDMA 
based MAC protocols [6]–[8], [20] have been proposed. In these schemes, unoverlapped 
transmit slots are assigned to vehicles, leading to less packet collisions. VMESH [6] employs a 
conventional reservation technique in which a vehicle occupies a transmission slot once it 
wins the channel contention at the slot. RES [9] is similar to VMESH in that it also uses the 
reservation technique, but the reservation is made at the application layer, not at the MAC 
layer, so the MAC modification is not required. In VeMAC [7], transmission slots are assigned 
to vehicles according to the direction of vehicle movement. In PTMAC [20], more various 
moving patterns are utilized for predicting and avoiding possible packet collisions. Nguyen et 
al. propose a hybrid TDMA/CSMA multi-channel MAC protocol [8]. Unfortunately, such 
reservation based schemes are effective only when the network capacity is big enough.  
Both WAVE and ITS-G5 mandate that safety messages should be broadcast over the CCH 

(Control Channel) [1], [2], which limits the channel resources for the safety messages. In the 
following studies, SCH (Service Channel) resources are also utilized for safety message 
transmissions. Ni et al. allow vehicles to use SCH resources for improving the reliability of 
safety message transmission [11]. In VER-MAC [12], the authors propose that the safety 
messages should be sent twice over the CCH and the SCH. Wang et al. study a variable CCH 
interval to improve the efficiency of the multichannel operation [13]. These techniques, 
however require huge modifications of the existing MAC protocol and system structure. 
One of the most widely used methods for congestion control is to adaptively change various 

transmit parameters according to congestion states [3]–[5]. The ETSI (European 
Telecommunications Standards Institute) has recently published a framework called DCC 
(Decentralized Congestion Control) [3], which envisions a variety of potential controls, 
including message rate, transmit power, data rate, and receive sensitivity. It defines a simple 
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threshold based control by using mapping of CBR to a combination of parameters. In 
LIMERIC [4] each vehicle adapts its transmit rate in order to achieve fair and high channel 
utilization. Different to DCC, LIMERIC gradually changes the transmit rate and thus enables a 
more fine-grained rate control. However, they depend on only local channel estimation results, 
and thus the performance gain can be limited. Even though PULSAR [5] exploits information 
sharing between vehicles, modifications of the legacy protocol are still required. In 
DTB-MAC [21], a safety message can only be transmitted if a vehicle acquires a token, which 
helps increase reliability. However, there still exists an additional overhead of manipulating 
tokens and managing groups. 
Advanced physical layer technology [4], [14]–[16] (e.g., multi-antenna) and using 

infrastructures [13], [17] (e.g., RSU) greatly improve the packet reliability. Vehicles are 
considered to have two radios so that they can send and receive packets over CCH and SCH 
simultaneously [4], [14], [15]. Moser et al. examine the performance of a MIMO-extended 
IEEE 802.11p system [16]. These schemes are complementary to CMS, so we can employ 
them in CMS for further improvements. 

3. CMS Design 

3.1 System Model 
 

 
 

Fig. 1. Channel Model. The CCH consists of multiple CCH intervals, where each of intervals has S 
slots. 

 
A vehicular network with V vehicles is considered. Each vehicle periodically transmits an 
application layer safety message, which has a payload of 200 bytes, at a maximum rate of 10 
Hz. According to the legacy protocols [1], [2], the safety messages are broadcast on the CCH. 
I assume a time-slotted CCH (Fig. 1); the CCH is divided into multiple intervals of 50 ms, and 
each CCH interval consists of S transmit slots, where at least one safety message transmission 
can be completely finished in one slot. Note that this slot is defined and used in the application 
layer, not in the MAC layer. In general, one application layer slot is much longer than one 
MAC layer slot (500 μs > 9 μs (when S = 100)). To the end, I use the term ‘slot’ as the meaning 
of an application layer slot, unless otherwise stated. 
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Fig. 2. An example of safety message transmission. Assume that the transmit slots of two vehicles A 

and B are slot 10 and slot 80, respectively. In this example, vehicle A always transmits at slot 10 every 
CCH interval, while vehicle B skips one transmission in the second CCH interval according to the 

transmit probability. 
 
In this model, each vehicle’s transmission is considered to belong to one transmit slot. Once a 

vehicle sets a transmit slot, it continues to use the slot until the slot is changed by the slot 
selector. If the vehicle detects that the slot is too crowded, it may not be able to transmit a 
safety message even if the vehicle reaches the slot. For this purpose, each vehicle uses the 
transmit probability according to the channel congestion state, which will be described later. 
Consider the example in Fig. 2, and let the transmit probability of vehicle A and vehicle B be 1 
and 0.5, respectively. Then, vehicle A always transmits at slot 10 (i.e., message rate = 10Hz), 
while vehicle B may not transmit in some CCH intervals, (i.e., average message rate = 5Hz). 
I assume that channel intervals can be synchronized between vehicles; for example, in 

WAVE the intervals can be synchronized by the UTC (Coordinated Universal Time) that can 
be acquired from GPS or other vehicles (e.g., all vehicles shall monitor the CCH beginning at 
the start of a UTC second [1].) Even though the actual operation of two ITS standards (i.e., 
WAVE and ITS-G5) are different from each other, CMS can be easily applied to each standard 
by varying the length of the CCH interval and S. 
 

3.2 CMS Overview 
This section provides an overview of CMS. CMS consists of three main modules, the 
cooperative channel monitor (C), message rate controller (M), and slot selector (S), which 
may be described as follows: 
 
 Cooperative channel monitor: measures network congestion by estimating the number of 

vehicles during each transmit slot. A vehicle first locally gathers the information of visible 
neighbor vehicles when receiving safety messages - this is called Visible Vehicle 
Information (VVI) - and then shares it with other vehicles by appending it onto its safety 
message, so that vehicles’ monitoring results can be more effective. This is called 
Effective Vehicle Information (EVI) (Sec. 3.3). 

 Message rate controller: adapts a safety message rate based on the VVI and EVI values. In 
order to control the message rate, a transmission probability τ is introduced, which is used 
to maximize the packet transmission success probability (Sec. 3.4). 

 Slot selector: changes the transmit slot when the number of vehicles using the same 
transmit slot is significantly increased (Sec. 3.5). 

 
In the following subsections, the design of CMS is described in detail in the context of tagged 

vehicle v and its transmit slot s. 
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3.3 Cooperative Channel Monitor 
3.3.1 Visible Vehicle Information (VVI) 
When a vehicle receives a safety message, it extracts the vehicle ID from the message and 
records it with the corresponding slot number. In this way, each vehicle can count the number 
of vehicles of each slot. Let Ns be the number of distinct vehicles observed in slot s, then VVI 
of tagged vehicle v (i.e., Nv) is represented as the vector of Ns: 
 

                                           (1) 
 
Since a vehicular network generally changes very frequently, VVI may soon become invalid. 

Therefore, only the vehicle information obtained during a sliding window M is used. Note that 
if a vehicle receives a safety message from the same vehicle in the same slot (say, s) during the 
sliding window, it does not increase Ns. 
 
3.3.2 Effective Vehicle Information (EVI)  
 

          
 
(a) Concept of VVI and EVI                                        (b) VVI Compression 
 

Fig. 3. An example of VVI and EVI. (a) In the figure, there are 10 vehicles (illustrated as five triangles, 
three circles and two squares), and the same shaped vehicles mean that they use the same transmit slot. 

In this example, for a tagged vehicle (the black triangle in the center), there is one vehicle within  
carrier-sense range (i.e., visible vehicle), and three vehicles outside carrier-sense range (i.e., hidden 

vehicle). (b) Each single digit number of the integer numbers shows a Ns. For example, according to this 
figure, the number of vehicles in slot 12 is 9. 

 
Even though VVI includes the number of vehicles and their transmit timings, it only provides 
information about vehicles in carrier-sense range and thus cannot capture the effect of hidden 
vehicles. For this reason, as mentioned earlier, I make vehicles share their VVI with each other 
by appending them to their safety messages (Fig. 3 (a)). When receiving VVI from other 
vehicles, a vehicle updates its own VVI (thus EVI) by comparing with the received VVI. Let 
Neff

v be the EVI of vehicle v, then Neff
v is updated as follows: 

 

                                          (2) 
, where max( ) represents a pairwise max operation.  



1158                                                                          Lee et al.: CMS: Application Layer Cooperative Congestion Control 
for Satefy messages in Vehicular Networks 

 
There are several works that exploit the idea of information sharing. For example, in 

PULSAR [5], the authors propose to exchange CBR between vehicles for rate adaptation. 
While several ideas of PULSAR may bear some resemblance to the proposed scheme, in 
PULSAR it is difficult to explicitly control vehicles’ transmit timings since the CBR has no 
information about them. In contrast, the proposed scheme enables vehicles to adapt the 
transmit timing, as well as the transmit rate, thanks to VVI which carries more detailed 
information than CBR. 
 
3.3.3 VVI Compression  
One practical challenge in cooperative channel monitoring is that the size of VVI may be too 
large, thus incurring a large overhead when appending to a safety message. For example, in the 
case of S = 100, 400 bytes are required to represent VVI, which is greater than the typical 
safety message size (about 200 bytes). 
To solve this issue, VVI is compressed when appending. The idea is very simple: limit the 

maximum number that Ns can be. The driver behind this idea is that the actual effective value 
that Ns can be is generally less than 10. For example, consider Ns of 10, which means there are 
10 vehicles broadcasting safety messages in slot s. In this case, controlling (or, in fact, 
reducing) the message rate to avoid a packet collision may be no longer effective, due to the 
message rate and throughput being too low. In this case, changing to a less congested transmit 
slot is a more appropriate strategy. For this reason, CMS limits the maximum value of Ns to 9. 

If the value of Ns is limited to a single digit number, and mapped to one digit of a certain 
integer value, we can express multiple Ns using just a few integers; a 4 byte integer variable 
can represent 9 Ns values at a time, and an 8 byte unsigned long integer variable can represent 
19 Ns values. As a result, in the case where S = 100, the compression reduces the VVI overhead 
by 88% (i.e., 12 integer variables (48 bytes) are required), compared with using 100 integers to 
express VVI, as shown in Fig. 3 (b). 
 

3.4 Message Rate Controller 
As mentioned earlier, in CMS each vehicle uses a transmit probability τ to control the transmit 
rate. In other words, when transmit slot s starts, vehicle v broadcasts a safety message with 
probability τv. In this paper, I am interested in maximizing the aggregate probability of 
successful packet delivery, and therefore the global optimization for transmit probabilities of 
vehicles may be required. 

Unfortunately, obtaining a global optimal value (i.e., a set of τ) is impractical and also 
ineffective, since the optimal value may shortly become outdated due to the frequent network 
topology changes. In addition, the search space of the optimization problem grows too fast as 
the number of probabilities to be optimized increases. 
For this reason, I employ a local optimization. More specifically, each vehicle v finds τv to 

maximize its packet transmission success probability based on 1) the number of contending 
vehicles in the same slot and 2) transmit probabilities of them. First, from VVI and EVI, 
vehicle v easily knows the number of visible vehicles (i.e., Ns - 1) and that of hidden vehicles. 
I denote the number of hidden vehicles as Nhv

s , and it can be computed by Neff
s - Ns. Second, 

for the transmit probabilities of other vehicles, I apply the same probability with vehicle v to 
them, based on the study result of PULSAR [5]; the authors show that it is possible to 
synchronize the channel congestion state (e.g., CBR) of all vehicles within two hops by 
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performing inter-vehicle message exchanges during two sliding windows. 
Now I define an objective function f(τv) as the conditional packet transmission success 

probability, then the optimal τ*v can be computed as follows: 
 

                                                      (3) 
 
Since each transmission is affected by both visible and hidden vehicles, Eq. (3) can be 

represented as: 
 

                                               (4) 
 
, where fvv(·) and fhv(·) are the probabilities that visible and hidden vehicles do not affect the 
tagged vehicle’s transmission, respectively. 
 
1) fvv(τv) 

There are two cases where visible vehicles do not affect the tagged vehicle’s transmission; 
first, in the case where no visible vehicles attempt to transmit (i.e., (1 - τv)Ns-1); second, all 
visible vehicles lose the MAC contention against the tagged vehicle v. Let W be the MAC 
contention window size, then fvv(τv) can be expressed as the following: 
 

 (5) 
 
2) fhv(τv) 

In this case, the only way for the tagged vehicle to successfully transmit is that no hidden 
vehicles attempt to transmit: 
 

                                                (6) 
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(a) Nhv

s = 0                                                                 (b) Nhv
s = 1 

Fig. 4. τ*v  according to Ns. I omit v and s. In case of W=31, the minimum transmit probability and the 
maximum probability are 0.111 (Nhv

s = 8) and 1, respectively. In CMS, vehicles adapt their message 
rates based on VVI and EVI as well as the effect of MAC contention. 

 
Note that f(τv) is a Neff

s - degree function of τv, and we can use a hill-climbing method [18] to 
find the optimal τv. As an example, τ*v is provided by varying Ns and Nhv

s in Fig. 4. In both 
cases τ*v monotonically decreases with Ns, but increases with W, which indicates that a higher 
MAC collision avoidance capability leads to more aggressive transmissions. In addition, from 
the comparison between Fig. 4 (a) and (b), we can observe that the hidden vehicle affects τ*v 
significantly, due to the fact that the MAC collision avoidance cannot handle packet collisions 
with hidden vehicles. 
 

3.5 Slot Selector 
The slot selection of CMS is invoked when a vehicle newly joins a network, or senses that the 
number of vehicles using the same transmit slot exceeds a threshold (i.e., Neff

s > α, where α is a 
threshold.). As mentioned before, in this case a vehicle changes its transmit slot to a less 
congested transmit slot. Note that the slot selector does not always choose the least congested 
transmit slot as a new transmit slot, since a packet collision could also happen in the new slot. 
Instead, CMS randomly selects one of the top k less-congested transmit slots. 
 
 

0 3 0 1 2 1 0 4 0 0t1

1 0 0 1 2 1 4 0 0 2t2

slot # 0 1 2 3 4 5 6 7 8 9

tim
e

+1 +2 +2 +2

 
(a) k=5 
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0 3 0 1 2 1 0 4 0 0t1

1 0 0 2 2 2 1 0 1 2t2

slot # 0 1 2 3 4 5 6 7 8 9

tim
e

+1
+1 +1 +1 +1 +2

 

(b) k=6 
 

Fig. 5. An example of the slot selection. The figures represent the EVI at time t1 and t2 according to 
different k values. A k value has a tradeoff between the successive collision and the transmit probability; 

in case of k=5, after changing slots, four vehicles in slot 6 should again find another non-congested 
slots; in case of k=6, no slot selection is called, but the vehicles originally existing in slot 3 and slot 5 

may reduce their message rates because the slots become congested. 
 
The slot selector tries to change to a better slot than the current one, but in some cases, it can 

also cause congestion on the changed slot. Let us call this a successive collision. If this 
happens, the slot selector will again find another non-congested slot, which can cause 
transmission delays.  
Fig. 5 shows the EVI at time t1 and t2 according to different k values. Assume that there are 10 

transmit slots (i.e., S=10) and α=2. Since in both cases at t1 slot 1 and slot 7 are reported as 
congested, 7 vehicles in these slots change their transmit slots at t2. In case of k=5 (Fig. 5 (a)), 
the candidate slots are slot 0, slot 2, slot 6, slot 8 and slot 9 according to the least 5 
less-congested slots. The best way here is to appropriately distribute the 7 vehicles over the 5 
slots such as (1,1,1,2,2), but the successive collision may occasionally happen (e.g., in slot 6). 

One way to handle this issue is to apply a higher k value to reduce the chance of successive 
collisions; when applying k=6, vehicles have more candidates to go to (Fig. 5 (b)). However, 
using a high k value may also have the effect of reducing the message rate of some vehicles 
(e.g., the vehicles originally existing in slot 3 and slot 5), hence we need to carefully control 
the value of k. I leave this issue as my future work. 

3.6 Summary 

 
Fig. 6. CMS algorithm 
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CMS is summarized in Fig. 6. 
 

4. Performance Evaluation 

4.1 Simulation Setting 
 

Table 1. Simulation Parameters 
Parameter Value 

PHY Data Rate (Mbps) 6 
V 10 ~ 300 
K 5 
S 100 
α ┌V/S┐ 

M (ms) 200 
DCC [3] 

CBR Message rate 
< 30% 10 Hz 

30% to 39% 5 Hz 
40% to 49% 2.5 Hz 
50% to 59% 2 Hz 

> 60% 1 Hz 
 
In this section, the performance of CMS is evaluated. The vehicular network, as well as the 
mobility of vehicles, is simulated by using the NS-3 [19]. An intersection scenario with 6-lane 
roads is evaluated, with the width of each road set to 3 m. In this scenario, a two-ray ground 
propagation loss model is used. At beginning, V vehicles are randomly distributed in the roads, 
and then start to move along the road at random speed ranging from 0 to 80 km/h. Table 1 
summarizes the simulation parameters. In addition to CMS, the following schemes are 
implemented for comparison: 
 
 Legacy [1]: is the legacy WAVE with no congestion control. 
 DCC [3]: changes the message rate according to mapping of CBR values to message rates, 

as shown in Table 1. 
 LIMERIC [4]: controls the message rate according to the following rule: (1 - a)·r + 

b·(CBRtarget - CBRcurrent), where r, CBRtarget and CBRcurrent denote the message rate, target 
CBR (set to 79%), and the current measured CBR, respectively, and a and b are the 
algorithm parameters which are set to 0.1 and 0.033, respectively. 

 RES [9]: exploits transmit slot reservation, similar to the slot selection of CMS. If the 
number of vehicles exceeds S, then random slot selection is invoked. 

 CMS (w/o EVI): uses VVI instead of EVI for message rate control and slot selection. 
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4.2 Results 

 
Fig. 7. VVI and EVI values of a certain vehicle when V = 300. The difference between VVI and EVI 
values indicates that hidden vehicle cases exist in this scenario. 
 
Before going into details on the performance evaluation of CMS, I first show the 
characteristics of the traffic model of the simulation. To do this, I randomly select one vehicle 
and compare its VVI and EVI values in Fig. 7. From this result, the difference between the 
VVI and EVI values can be observed (EVI value: 2.73, VVI value: 2.32 on average), and it 
appears frequently during the simulation, which shows the scenario is with hidden vehicle 
cases. 
 

 
(a) Packet Collision Rate 
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(b) Throughput 

 
(c) Interval 

Fig. 8. Overall performance evaluation results. CMS outperforms other schemes in terms of PCR and 
throughput, thanks to the message rate and timing control. In addition, the interval increase of CMS is 

negligible. 
 
Now, I compare each transmission scheme. Fig. 8 (a) shows the PCR (Packet Collision Rate) 

of each scheme according to V . In Legacy, PCR continuously increases with V, since it has no 
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congestion control, while RES shows a better performance thanks to the effect of slot 
reservation. However, after V exceeds the capability of reservation (i.e., V > 100), the PCR 
increases as it does in Legacy. Compared to RES, LIMERIC and DCC show a higher PCR 
when V is small, with better PCR results at higher V, which indicates that slot reservation is 
more effective than message rate control, when it can be appropriately used. In particular, in 
the simulation LIMERIC shows a slightly better performance than DCC, because a more 
fine-grained control is available in LIMERIC. CMS outperforms the other schemes in terms of 
the PCR. Compared to LIMERIC and Legacy, CMS reduces the collision rate by a maximum 
of 32% and 46%, respectively. This is because CMS controls both transmission timing and 
message rate, unlike LIMERIC and DCC, which mainly control the message rate, or RES 
which uses slot reservation only. 
In result, the PCR affects the throughput performance of each scheme, as shown in Fig. 8 (b). 

In case of Legacy and RES, as V increases, the throughput first increases, and then after 
reaching a certain point it starts to decrease, due to the unmanaged packet collisions. In 
contrast, we can see that LIMERIC and DCC have a higher throughput even when V is high, 
since the message rate control effectively reduces the packet collisions. Similarly, CMS shows 
a larger average throughput than other schemes, and, in particular, its gain becomes greater 
when considering the effect of hidden vehicles (i.e., EVI) than when using only VVI. Taking 
the PCR result together, we can clearly see that CMS is very energy-efficient. 

While CMS cleverly reduces packet transmission attempts when the network becomes 
congested, one concern may be that such reduced attempts lead to negative impacts on the 
interval between consecutive transmissions. However, the interval increases are very subtle as 
shown in Fig. 8(c); in the high-density traffic scenario (V = 300), 90% of the total transmission 
intervals are less than 200 ms.  

5. Conclusion 
In this paper, an application layer cooperative congestion control scheme, CMS, is proposed 
for safety message broadcast in vehicular networks. This scheme adaptively controls a 
vehicle’s safety message rate and timing based on the cooperatively estimated channel 
congestion state, without any modification of the existing MAC protocol. Extensive NS-3 
simulation results show that CMS can reduce the packet collision rate by maximum of 32% 
compared to other recent advances, while providing a comparable throughput performance. 
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