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Abstract— The rapid development of mobile 

communication technologies in recent years allows their 

application for intervehicle     communication (IVC). In this 

paper, we    evaluate the suitability of two wireless 

technologies for IVC, namely Universal Mobile 

Telecommunication System (UMTS) and IEEE 802.11 

Wireless Local Area Network (WLAN). We analyze the 

communication properties of these technologies and point 

out the requirements of applications for IVC. We present a 

series of practical experiments to evaluate the eligibility of 

each technology for applications of IVC. To obtain 

comparable results, we performed measurement based on 

IP-unicast communication, since the lower layers of the two 

communication technologies differ drastically. Inter-vehicle 

communication promises to increase movement and 

behaviour awareness of vehicles compared to existing 

technologies like radar. The idea is that every vehicle 

regularly transmits information such as position, speed and 

heading in Cooperative Awareness Messages (CAMs) to 

surrounding vehicles. The periodic CAMs are foreseen to be 

sent via 5.9 GHz IEEE 802.11p Based on the recorded data 

of radio coverage, latency and throughput; we draw 

conclusions on currently feasible and infeasible applications 

for each technology. 

Key words: UMTS, Wireless LAN, Inter-Vehicle 

Communication, IEEE 802.11. 

I. INTRODUCTION 

IVC enables applications designed for safety, traffic 

efficiency and entertainment purposes. Depending on the 

type of application, the communication system has to fulfil 

requirements in terms of latency, throughput and 

communication range. In this paper, we focus on UMTS and 

WLAN as two candidate technologies for IVC. We were 

interested to obtain first experimental results to assess 

whether - using one of the two communications 

technologies - applications for IVC are feasible in practice. 

Therefore, we performed measurements placing notebooks  

equipped with WLAN and UMTS cards inside vehicles. We 

measured radio coverage, latency and throughput. To have 

comparable results, we let vehicles communicate based on 

IP Unicast. 

II. WLAN AND UMTS TECHNOLOGIES 

Most work on IVC has been focussed on vehicular ad-hoc 

networks (VANETs). The technology used is IEEE 802.11 

WLAN which was originally designed to work at 2.4 GHz 

and to offer bandwidths up to 2 MBits/s. Several 802.11 

standards have been released, where 802.1 lb is most widely 

used. IEEE 802.1 lb WLAN also operates at 2.4 GHz and 

allows for data rates up to 11 MBits/s. The 802.1 la WLAN 

operates at frequencies up to 5.7 GHz and allows data rates 

up to 54 MBits/s. 802.1 lp is the standard under review by 

IEEE for IVC. It is designed to work at 5.9 GHz and allows 

data rates up to 27 MBits/s. All 802.11 standards make use 

of the Carrier Sense Multiple Access / Collision Avoidance 

(CSMA/CA) channel access mechanism which implies that 

there are no guaranteed channel access slots for wireless 

nodes. WLAN offers the possibility of ad-hoc 

communication, where communication can happen 

spontaneously and directly when two nodes are in 

communication range. UMTS, as a cellular network, has 

completely different communication characteristics than 

WLAN. Communication is centralized and organized, 

thereby relying on base-stations and a backbone network. 

Two nodes exchanging data by means of UMTS can expect 

higher latency compared to wireless ad hoc communication 

as data is not directly exchanged between nodes but routed 

through the backbone network and then transmitted from the 

base station to the receiver. Mobile nodes have guaranteed 

communication slots since UMTS is based on Code 

Division Multiple Access (CDMA). CDMA lets multiple 

nodes communicate simultaneously at the same frequency 

by assigning orthogonal channel codes to each node. The 

maximum downlink bandwidth originally was 384 KBits/s, 

but has been increased by the High-Speed Downlink Packet 

Access (HSDPA) extension. HSDPA allows data rates up to 

7.2 MBits/s. The maximum uplink bandwidth is 64 KBits/s 

but will be extended by High-Speed Uplink Packet Access 

(HSUPA). With HSUPA, up to 5.8 MBits/s are achievable 

in theory. In contrast to WLAN, UMTS does not provide 

means for ad-hoc communication. 

 

Fig.1: Vehicular Network Architecture 

III. APPLICATIONS OF IVC AND THEIR 

REQUIREMENTS 

Applications of IVC can be divided into the three categories 

safety, traffic efficiency and entertainment. Each category 

poses different requirements on the underlying 

communication system. 'In [1], the UMTS time division 

duplex (TDD) mode was examined and extended for use in 

ad-hoc communication. Still most deployed UMTS 
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networks use frequency division duplex (FDD). 1-4244-11 

78-5/07/$25.00 ©2007 IEEE. Safety applications such as icy 

road warning, emergency brake warning or forward 

collision warning require low latency communication with 

other vehicles. On the other hand as safety messages are of 

small size (typically in the order of hundred bytes), their 

bandwidth requirements are rather low. Safety messages are 

usually not destined for a single vehicle but rather represent 

warnings for multiple vehicles in the surrounding of a 

hazard. To disseminate a safety message, it is important that 

the communication channel is available to the sender within 

a short amount of time. Therefore, to evaluate the 

technologies regarding their suitability for safety 

applications, we are especially interested in the latency 

when transmitting small packets. For safety applications, we 

require a technology to function in a worst-case scenario: if 

timely reception of messages can not be guaranteed, we 

consider the technology inappropriate - even if latency on 

average may be sufficient. Applications for traffic 

efficiency, like traffic information [2]or parking place 

information [3] may require distant distribution of 

information. These applications are more delay tolerant than 

safety applications but require higher bandwidth. Still, 

information can be redundantly disseminated and loss of 

information is limitedly acceptable. Since many vehicles are 

potentially interested in the same information, broadcast 

communication is desirable. Regarding traffic efficiency 

applications, we evaluate technologies focussing on 

maximum achievable data rate and communication range. 

Applications transferring video/audio data for entertainment, 

either by streaming or by downloading, pose the highest 

bandwidth requirements on the communication system. 

They require addressing when destined for specific vehicles. 

The communication system has to provide a quality of 

service level so that clients do not experience any delays. In 

our experiments we therefore study the provided quality of 

service by measuring influence of mobility or interfering 

transmissions on data rate and latency (focussing on larger 

packets). 

III. EXPERIMENTS WITH IVC BASED ON UMTS AND WLAN 

In our experimental evaluation of UMTS and WLAN for 

IVC applications, we investigated the following: What 

communication range / radio coverage can be achieved 

when moving vehicles communicate? What is the latency 

caused when two vehicles communicate with each other, 

and what is the influence of mobility on latency? What is the 

available bandwidth for communication and is it reduced 

with increasing vehicle speed? How do interfering 

transmissions affect the latency and bandwidth provided? A. 

UMTS For UMTS, we performed measurements using two 

notebooks equipped with GPS receivers and UMTS-

PCMCIA cards. HSDPA was enabled for data rates up to 

1.8 MBits/s. 

We disabled GPRS fallback for all tests. Each 

client received a fixed IP address when connected. 

A. Latency/Interference/Radio Coverage: 

We measured the round-trip time for 64-byte ICMP packets 

over 24 hours with a ping interval of 5 seconds. We tested 

over this long period of time to see whether there is 

influence of simultaneous transmissions because we were 

unable to cause reasonable channel load in our UMTS cell 

by ourselves. We chose this packet size since it is 

representative of the size of a typical safety message, e.g. 

the SAE.  Results in round trip times at certain levels (350, 

450, 550 ms), sometimes even up to 1000 ms . Thus, one-

way message delivery delay sometimes exceeds 400 ms. 

After the first 3 hours it can be observed that round trip 

times slightly increase for another three hours. Since we 

started the measurement at about 4 pm, we believe this is 

due to an increased network load in the evening. We think 

this increase is negligible compared to the observed outliers. 

Since we were also interested in delivery delays of larger 

packets typically used for non-safety purposes, we measured 

the round-trip time when sending 1400-byte packets over 

another hour .It can be seen that round-trip time increases to 

an average of about 700 ms. Outliers can also be observed, 

exceeding 3000 ms round-trip time. Still, we believe that an 

average delay of 700 ms for non-safety related applications 

is tolerable, except for applications with real-time 

constraints. UMTS Measurements - Ping 1400 - Two 

Stationary Nodes 
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UMTS Measurements - One Moving Vehicle, One 

Stationary Node 
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B. Throughput:  

We measured the achievable data rate by establishing a TCP 

connection between the two laptops and sending data from 

one laptop to the other. This does not correspond to the 

highest possible download rate (HSDPA was enabled for 

data rates up to 1.8 MBits/s) but is the result of the small 

UMTS uploading rate. Only minor degradation can be 

observed during evening hours (at hour 3 and 6). Altogether, 

our results for the stationary scenario suggest that without 

mobility, UMTS provides a solid technological basis for the 

applications of IVC. 
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 One moving vehicle, one stationary node: To evaluate the 

effects of mobility on the performance of UMTS, we left 

one notebook in our office and placed the other one in a 

vehicle. The vehicle departs on a test track in the Wolfsburg 

area consisting of urban roads, Autobahn and rural roads. 

The first part of the test track leads from our office to the 

city center, from where we again drive by our office and 

head on to the Autobahn, leaving Wolfsburg southwards. 

Round trip time on test track (64-byte packets) . We again 

measured round trip time of 64-byte packets.. It can be seen 

that there are periods of no connectivity between minute 21 

and 28. This is when we are on the Autobahn south of 

Wolfsburg. Also, from minute 39 to 46 there is only a small 

period of connectivity. This is when we are in the rural 

region north of Wolfsburg. It can also be observed that the 

varying signal level has no influence on round-trip time of 

most packets. But when departing from our office, initial 

latency was much higher (450 ms) than in the stationary 

case (275 ms). And when again reaching Wolfsburg driving 

on the Autobahn northwards (at speeds of about 140 

kilometers per hour), round-trip time initally reduces to 250 

and then 300 ms. After passing Wolfsburg, leaving the area 

covered with UMTS and returning, round-trip time again 

increases to 500 and then 650 ms. 

Outliers can be identified as in the stationary 

scenario, but more frequent and up to 5000 ms. We 

suspected that these outliers are the result of cell changes or 

momentarily degradations of signal level caused by 

buildings or interfering vehicles. These degradations could 

occur unrecognized by our signal monitor as the card signal 

indicator updates only slowly. To investigate this in detail, 

we repeated the round-trip time measurement twice and 

marked the positions where the outliers occurred on a map 

.The results indicate that outliers frequently occurred at 

similar positions, which supports our assumption. As packet 

size increases to 1400 bytes, round-trip time raises to about 

600 ms as in the stationary case. Again there is an increased 

amount of outliers. 

Our measurements suggest that in contrast to 

round-trip time, data rate suffers from degradation of signal 

quality. This can be seen especially at minute 10 where 

signal quality and data rate decrease similarly. Thus, the 

average data rate when connected is about 36 KBytes/s 

which is about 9 KBytes/s lower than in the stationary case. 

The outliers and the higher variance of round-trip time when 

sending small packets question the suitability of the 

evaluated UMTS technology for safety applications. 

Recalling the emergency braking scenario, with message 

delivery latencies as high as 2.5 seconds it can happen that a 

vehicle does not even receive a braking warning message 

before reaching the vehicle ahead. Another point that 

discourages the use of the deployed UMTS technology for 

safety applications is the incomplete area coverage. As can 

be seen in our measurements, there are zones without 

connectivity where warning messages can not be sent at all. 

The data rate rarely drops below 20 KBytes/s and is still 

close to the stationary scenario on average. These conditions 

do not hinder any traffic efficiency and entertainment 

applications that work in the stationary case. 

We repeated the measurements above with two 

vehicles driving the test track within close essential for the 

suitability of WLAN for safety applications. Directly 

comparing the throughput measurement results, the 

maximum WLAN data rate is twenty times higher than 

UMTS.Never the less it has to be regarded that a data rate of 

factor 20 higher can only be achieved in single-hop 

communication. As soon as distance between two vehicles 

increases, communication requires multiple hops which 

decreases the achievable throughput . In contrast to this, data 

rate in the UMTS network is independent of the distance 

between vehicles. For non-safety applications without real-

time constraints, our measurements indicated no situations 

in which these applications would generally fail. Still, the 

measurements give an initial impression of the performance 

of WLAN and UMTS to the application developer. 

IV. CONCLUSION 

In this paper, the performance of different CODEC’s has 

been evaluated for VoIP with VANET, designed with 

UMTS and H.322. After evaluating the results of all 

designed scenarios, results are concluded with   accordance 

to the city and highway environment with varying traffic 

condition. The performance of different CODECs showed a 

strong reference for deployment of VoIP services through 

VANET. From simulation results, we observed that: 

G.723.1ar5.3 shows less average delay in both city and 

highway network with both traffic condition.  
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