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Abstract— WAVE(Wireless Access in Vehicular Environments) 

communication technology has been designed for short initial 

link, low latency and high mobility in the communication 

between vehicles or between a vehicle and an infrastructure. In 

order to provide high quality and reliable services using WAVE 

technology, it is required to guarantee QoS(Quality of Service) in 

the WAVE. However, there are limitations in guaranteeing QoS 

in current WAVE technology. In this paper, we present the 

features of the WAVE technology, the limitations in supporting 

QoS in the WAVE MAC(Media Access Control) and the 

enhanced technologies to overcome these limitations with 

considerations for the development of next-generation WAVE 

technology based on them. 
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I. INTRODUCTION 

WAVE communication technology standardized by IEEE 

has been designed for short initial link, low latency and high 

mobility in the communication between vehicles or between a 

vehicle and an infrastructure. It allows to send and receive 

packets at a distance of up to 1km within 100msec delay time 

in the vehicle moving at speeds up to 200 km/h. WAVE 

technology can be utilized for various services based on these 

characteristics. Safety messages for the forward traffic 

accidents and hazards can be quickly delivered to the rear 

vehicles. The vehicle participating in the platooning or the 

autonomous driving vehicle[1-2] is able to go quickly after the 

lead vehicle by receiving its driving information. Like these, 

in order to provide high quality and reliable services using 

WAVE technology, it is required to guarantee QoS in the 

WAVE. However, there are limitations in guaranteeing QoS 

in current WAVE technology. Moreover, attempts to use the 

mobile communication technologies such as cellular, LTE and 

5G for the vehicle communication[3] have been a big 

challenge to the WAVE technology. In order to overcome 

these challenges and problems, it is necessary to solve the 

technical limitations of the current WAVE technology and 

provide higher performance. In this paper, we present the 

features of the WAVE technology, the limitations in 

supporting QoS in WAVE MAC and the enhanced 

technologies to overcome these limitations with 

considerations for the development of next-generation WAVE 

technology based on them. 

II. WAVE  

 

Figure 1.  The transmit side of the WAVE MAC[4,5] 

The WAVE communication standard consists of IEEE 

802.11p and IEEE 1609[4,5]. As shown in Figure 1, the 

conceptual internal architecture of the transmit side of WAVE 

MAC model defined in IEEE 1609.4 assigns MSDU(MAC 

Service Data Unit) primitive information transmitted from the 

upper layer LLC in the queue of the appropriate channel and 

transmits it according to priority determined by IEEE 802.11 

EDCA(Enhanced Distributed Channel Access). EDCA is 

designed to support QoS by providing different channel access 

probability depending on the priority of the transmission 

frame. It has four AC(Access Category)s having different 

value of AIFS(Arbitration Inter Frame Space) and 

CW(Contention Window) and makes the high priority AC 

have the high channel access probability. IEEE 1609.4 defines 

for a multi-channel operation and WAVE uses 7 channels 

divided into one CCH(Control CHannel) and 6 SCHs(Service 

CHannel) each having 10MHz bandwidth. 

III.  QOS SUPPORT ON THE WAVE MAC 

In order to support QoS in the WAVE, the following 
requirements should be guaranteed [6]. 

* Fair and efficient channel occupancy opportunity 
* Guarantees minimum collision and delay  
* Ensure maximum and reliable throughput  
* Ensure reliable transmission of urgent and safety message 

WAVE requires low delay and fast processing time in order 
to send and receive services because the vehicle using WAVE 
service has dynamic and high mobility. In particular, the safety 
messages should ensure a high success rate of data 
transmission. In order to provide stable and reliable services 
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using the WAVE communication technology, differentiation 
QoS for each service should be guaranteed. In the WAVE 
standard, there is no specific mechanism for ensuring QoS of 
WAVE except EDCA. Therefore, most studies and researches 
have proposed the methods such as adaptive EDCA, variable 
channel interval and assignment, the TDMA(Time Division 
Multiple Access), etc. to improve QoS in the WAVE MAC. 
We will present the limitations of QoS support in current 
WAVE focused on the MAC layer and several proposed 
technologies to overcome them and discuss considerations for 
the development of next-generation WAVE technology based 
on them. 

A. Adaptive EDCA  

EDCA controls the order of transmission by given different 
AIFS and CW values for each AC which has different 
transmission queues according to the priority of each message 
to QoS in WAVE MAC. However, the probability of selecting 
same backoff parameter increases because CW of high priority 
AC has a small range. As a result, the probability of a packet 
collision also increases when several nodes transmit data of 
same AC[7]. Eventually, the range of CW value should be 
increased in order to reduce the probability of packet collision, 
but transmission delay may increase. In addition, because any 
node was also unable to transmit data during the AIFS period, 
it also causes another delay. Therefore, it needs to adjust 
backoff parameters dynamically with the change of network 
topology like following methods. In [7], they proposed the 
method that makes ACs of the same priority don’t have the 
same CW or AIFSN by adding a weight value calculated based 
on the collision rate to improve the overall network 
performance by reducing the collision probability. In [8], we 
can confirm that system throughput can be improved by only 
adjustment of CW value in V2I(Vehicle to Infrastructure) 
communication. When the density of the vehicle increases, the 
transmission efficiency is reduced in EDCA using the default 
parameter values because the packets collision increases. So, 
most studies like[9-11] propose algorithms to optimize and 
adjust the assigned priority or the CW size based on the density 
of the vehicle to ensure the throughput. In [9], the performance 
is improved by adjusting window size and priority level 
considering vehicle density, transmission range and network 
parameters. 

 

Figure 2.  Adjusted packet scheduler in [9] 

B. Variable channel interval and assignment 

One of the WAVE features is that it provides a multi-
channel operation. Because channel interval between CCH and 
SCH is fixed and it cannot use other channels even though 
there is no data to be sent during the allocated channel interval, 
the channel resources may be wasted[12]. And WAVE 
standard does not mention about efficient channel utilization 
and allocation method[13]. In [12], the optimal channel is 
assigned through negotiation and it makes the node send non-
safety data in CCH interval using specific transmission mode. 
In [13], it configures variable CCH and SCH interval based on 
the optimal channel access probability. Several studies like 
[14-15] propose methods to increase the efficiency and 
capacity of the channel resources by setting the variable 
interval of the SCH and CCH or using a dedicated interval for 
a specific service or allocating optimal channel based on the 
packet collision probability, channel throughput, density and so 
on.  

 

Figure 3.  MP(Multi-priority supported p-persistent) MAC protocol in [13] 

C. TDMA 

CSMA/CA(Carrier Sense Multiple Access/Collision 
Avoidance) MAC protocol is used in WAVE has the 
disadvantage to increase the packet collision under high traffic 
loads due to the contention-based channel access scheme. 
TDMA MAC protocol, contention-free scheme, provides high 
reliability and quality for the service because it provides all the 
node with fair channel access opportunities without contention 
and allows the node assigned the time slot to continue to use it. 
However, problems like access collision and merging collision 
can occur when each node accesses the same time slot at the 
same time[16] and it may take a long time to allocate the time 
slot. Additionally, if there is no data to be transmitted, the 
channel resource is wasted because of the unused time slot and 
it may reduce the overall throughput. Because it uses the slot 
assigned based on the time information, all nodes should be the 
correct time synchronization. To overcome these problems, 
several enhanced algorithms based on TDMA MAC are 
proposed. Most algorithms of the TDMA scheme effectively 
allocates the time slot based on the node’s location like [16]. In 
[17], they adjusted the size of time slot based on the number of 
nodes. STDMA of [18] is ETSI standard and is already used in 
other fields. It is time slot scheduling which the node 
determines the data transmission slot itself using the local 
frame interval. 

D. Considerations for the next WAVE 

For enhancing QoS on WAVE MAC, EDCA parameters 
should be adjusted variably in consideration of the factors 
affecting the performance like the density of the vehicle. 
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Current studies have each method for calculating density of 
vehicle. So, the accurate and proven method for calculating the 
density of the vehicle and for collecting information like 
position, distance and so on is needed. Because there is no 
RTS/CTS exchange or ACK for broadcasting, it cannot check 
whether collision of the packet. So, backoff mechanism does 
not work and the hidden terminal problem occurs[19]. These 
problems also need to be solved, and it may be required to 
adjust the transmission timing or to develop a flexible feedback 
algorithm as the degree that does not significantly interfere 
with the overall network performance. The adaptive EDCA 
method would be a good way of improving the overall 
performance and QoS while maintaining the existing EDCA 
protocol. A priority allocation method focused on the receiver 
that determine the sequence of packet transmission depend on 
the number of nodes which want to receive the service in order 
to provide first the service which many nodes want also may 
deserve consideration. 

The use of variable channel interval needs additional 
information exchange protocol and data transmission and 
complexity of implementation increases because other nodes 
also have to know the changed channel information to apply 
the same channel interval. Because it can also be another cause 
of the performance degradation, these methods should be 
designed considering the protocol complexity. Especially, in 
the case of Multi-PHY devices, available network resource has 
doubled because it can be used by separating CCH and SCH. 
So, it is required to define additional channel exchange and 
allocation methods that can efficiently use each separate 
channel for these architecture devices according to the service 
characteristics while maintaining compatibility with the single-
PHY device. 

In TDMA, because the network topology is changed 
frequently, the owner of allocated time slot can also often 
change. Therefore, it is necessary to develop the algorithm that 
can assign a time slot fairly and quickly. It is also important to 
determine the optimized size of time slot to be assigned 
according to the density of the vehicle, service type and size 
and so on. Because CSMA/CA may have rather better 
performance in low density, it is a good solution to use the 
fusion algorithm which uses both CSMA/CA and TDMA to 
complement each pros and cons with variable channel interval 
like [20]. 

EDCA provides with a high-priority service among several 
services through the internal contention in a node. If we 
consider how often different types of multiple services on one 
node will provide at the same time, it may be better to consider 
a method for evenly allocating channels to multiple nodes to 
utilize efficiently on one CCH and six SCH than to control the 
service priority. Multiple nodes in a channel can transmit data 
of different sizes and priorities at the same time, and successful 
delivery of such data depends on the priority and size of the 
data currently being transmitted and how many nodes are 
transmitting by the EDCA mechanism. It is generally expected 
that high priority data will show higher PDR(Packet Delivery 
Ratio) than other priority data. However, in some cases like 
Figure 4 (a), when we tested that different rates of nodes would 
send data of the same size and different priority and compared 
the success rate of data transmission based on the received data 

through the NS-3 simulator, it showed better PDR when 
sending low priority data. In most cases, nodes that sent high 
priority data showed high PDR like Figure 4 (b), but nodes that 
sent low priority data showed higher PDR when nodes sending 
low priority data were fewer than nodes sending high priority 
data. Therefore, it is important to efficiently allocate service 
resources to six service channels through a channel allocation 
algorithm which is not specified in the current standard. 

 

(a) 300byte data transmission test(priority 3: priority 7(high) = 1:9) 

 

(b) 300byte data transmission test(priority 1: priority 3(high) = 1:1) 

Figure 4.  NS-3 Simuation test in various conditions 

The WAVE standard does not define the resource 
coordinate functions of the RSU(Road Side Unit) in V2I 
environment to monitor and allocate network resources 
efficiently. In several studies, algorithms that monitor and 
allocate the network resources to nodes around RSU are 
proposed. Some studies propose the clustering method which a 
cluster head like RSU manages other node’s network resources. 
Because distributed or centralized approaches have the 
advantages and disadvantages, it shall apply the adaptive 
method according the network structure or the situation. It is 
also necessary to apply the specific handover method to 
guarantee a reliable QoS for the service provided through the 
RSU continuously because the vehicle quickly passes multiple 
RSU.  

Most techniques or algorithms have been verified through 
analysis of mathematical model and simulations on specific 
testing environments with some constraint. However, since the 
network topology on the real traffic environment changes in 
various forms very quickly and unexpected situation can occur, 
it is difficult to predict to show similar result and performance 
as simulation in VANET(Vehicular Ad Hoc Network). Thus, 
enhanced algorithm for supporting QoS should be developed 
and tested in various VANET environments and all possible 
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traffic situations considering in each case of V2V or V2I, 
broadcast or unicast, urgency and importance of service and so 
on. 

IV. CONCLUSIONS 

So far, we presented the main limitations in supporting 
QoS in current WAVE MAC and current enhanced methods to 
overcome them and discussed considerations for the 
development of next-generation WAVE technology based on 
them. Currently, mobile communication technologies such as 
LTE and 5G are including the requirements for autonomous 
driving vehicle. Thus, WAVE will be required the performance 
level proposed in 5G mobile communication exceeding the 
performance suggested in the current WAVE specifications in 
order to have a competitive advantage to the trend of such 
mobile communication technologies. Therefore, the next-
generation WAVE will need to be developed to guarantee the 
WAVE QoS while satisfying these requirements of 
performance based on considerations discussed in this paper. 
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