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Abstract—Multipath TCP (MPTCP) is a proposed extension of
TCP that provides network resilience to failures and improved
throughput by utilizing the available redundant resources. While
several studies confirm the improved throughput with the use
of MPTCP under various scenarios, its end to end latency
performance has not been considered. In this paper, we evaluate
the impact of MPTCP on web traffic transport latency.

I. I NTRODUCTION
In recent days, there has been significant growth in the
use of mobile devices for Internet access. Many devices, such
as smartphones, are equipped with two interfaces: a WLAN
and a mobile broadband (e.g., 3G/4G). However, applications
currently exploit only one of these interfaces though there may
be throughput/latency improvements in simultaneous use of
the interfaces. To enable such efficient resource usage, multipath transport protocols are currently being deployed. One
example is Multi-path TCP (MPTCP) [1].
Our research effort leverages the two trends discussed
above. To the best of our knowledge, it is the first research
effort that investigates the potential benefits of using multiple
paths to reduce latency in order to improve web user experience. This paper is part of a larger study that assesses the
potential latency reduction by leveraging multipath transport
protocols. While the study discusses and evaluates the performance of different multipath protocols considering various
delay sensitive applications, we limit the discussion in this
paper to the latency performance of MPTCP for web traffic.
II. W EB T RANSFER AND M ULTI - PATH TCP
In today’s Internet, we observe an increased number of
applications that are extremely sensitive to latency, such as
web transfers, video streaming and online gaming. In such
applications, the user’s experience is affected significantly
when data delivery is delayed. The Internet is dominated by
web traffic running on top of short-lived TCP connections [2]
with around 95% of client TCP and 70% of server TCP traffic
consisting of smaller than ten packets [3]. The quality of
user experience when accessing a web page is linked to the
download times of the corresponding short-lived flows. As an
example, Google measured a 25% reduction in the number of
searches done by users, as a result of adding 500 ms to web
search times [4].
MPTCP is developed by the IETF MPTCP working group
and provides a set of extensions to TCP [5] to enable the
simultaneous use of multiple paths between endpoints. The

motivation behind MPTCP is efficient resource usage and
improved user experience through improved resilience and
higher throughput. Once an MPTCP connection has been
fully established, both end hosts can send data over any of
the available subflows, transparently to the application. Thus,
MPTCP is able to schedule web objects on one path even
if the other path experiences loss or excessive buffering. We
therefore believe that MPTCP could be a good candidate to
transport web traffic.
III. E XPERIMENTAL S ETUP AND R ESULTS
We evaluate the performance through emulations and realworld experiments. For the emulations, we use the Common
Open Research Emulator (CORE) [6]. The setup consists of
two end-hosts, one acting as a mobile device equipped with
two interfaces and the other as a web server. To reach the
server, each interface of the mobile client is connected to an
(emulated) access network. For the real-world experiments,
we use the NorNet testbed [7] that consists of nodes that
are simultaneously connected to multiple 3G operators in
Norway as well as multiple public WLANs at Simula Research
Laboratory. In our experiments, NorNet node acts as the endhost and we use a web-server located in Oslo.
To evaluate the effect of having both homogeneous and
heterogeneous network access, we performed experiments
where the interfaces used a combination of emulated WLAN
and 3G access (i.e., WLAN-WLAN, WLAN-3G, 3G-3G). The
capacity of the WLAN was randomly chosen in the ranges
20-30Mbps, whereas for 3G we use values in the range of
3-5Mbps. The propagation delays are chosen in the range of
20-25ms and 65-75ms for WLAN and 3G, respectively. In the
WLAN access we consider a random loss of 1 − 2%.
For each experiment, the server stores a small set of files
from three different classes of websites: Wikipedia, Amazon
and Huffpost. Each website contains a different number of
objects of different sizes. Of the three, Wikipedia was the
smallest (15 objects, 72Kb total size) followed by Amazon (54
objects, 1Mb total size) and then Huffpost (138 objects, 3.9Mb
total size). The sites were then requested and downloaded from
the mobile client using six concurrent connections each using
TCP or MPTCP, in respective experiments.
Figure 1 shows the average download times for the web
pages, with standard deviation, over 30 repetitions for each
configuration. Each figure depicts the average download time
when using MPTCP or TCP on one of the interfaces (TCP1,
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Fig. 1: Emulation: Average web transfer delay, with standard deviation.
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Fig. 2: NORNET: Average web transfer delay, with standard deviation.
TCP2); the results are grouped according to the emulated access networks used (WLAN-WLAN/3G-3G/WLAN-3G). We
observe that MPTCP cannot reduce download times for the
Wikipedia site, but is able to do so for both Amazon and
Huffpost (especially in the 3G-3G scenarios). The reason
for the poor performance of retrieving the Wikipedia site
is simply that the amount of data is so small that it can
be transmitted within TCP’s initial window (given the six
concurrent connections used). Employing more paths in such
scenarios is not useful as long as the path itself can sustain
the traffic load. However, for the other sites the amount of
data is much larger and the download time can be reduced by
MPTCP’s implicit load-balancing over its available subflows;
especially when the paths are homogeneous, as possible headof-line blocking effects are less prevalent.
Figure 2 illustrates the average transfer times for web traffic
for real-word experiments. In our experiments, we observe that
the two selected 3G networks (also the two WLAN networks)
have very different path characteristics, hence, we mostly have
heterogeneous paths where the performance of MPTCP is
similar to or slightly worse than that of TCP, consistent with
emulation results.
IV. C ONCLUSION
In this paper, we evaluate the latency performance of
MPTCP for web traffic and compare it with that of TCP using
both emulations and real-world experiments. We observed that
MPTCP utilizes the available paths efficiently when there is
enough data to send and performs better when there is path
symmetry. No improvement with MPTCP was observed when

there is path asymmetry and it performs worse when there
is not enough data to send. Moreover, our results indicate
that MPTCP provides significant gains for websites with large
object sizes both for homogeneous and heterogeneous paths.
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