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Abstract 
 

One of the multimedia services offered by the 
campus network of the Polytechnic University of 
Valencia is TV over IP. This service works well in the 
devices connected directly to the wired network but we 
have detected some problems when the receivers 
access to the campus network through wireless IEEE 
802.11, especially when devices roam across the 
Campus. In this paper we propose and evaluate a 
server-based solution to minimize the packet loss and 
reduce the lack of service when the mobile devices 
roam from an Access Point to another Access Point in 
the wireless network. This solution uses a location 
system to modify the behaviour of standard 
multicasting protocols in order to get a near-seamless 
multicast WiFi   roaming. 
 
1. Introduction 
 

The Information and Communications Systems 
Area of the Polytechnic University of Valencia (UPV) 
is offering the TV over IP multicast service (IPTV) to 
all the members of the University since 2004 ([1]). 
With the integration of such a service together with 
data and voice over IP (VoIP), the UPV offers a 
complete Triple-play (voice, data & video) service to 
its members. The distribution of TV over the IP 
campus network reduces the costs in TV infrastructure 
en each new building of the campus. 

The service offered by the UPV to its members 
includes more than simple TV channels. It includes 
traditional Terrestrial or Satellite digital TV (Figure 1) 
and other Services such as Educational Channels, 
Event broadcasting, information channels.  

The structure of the campus network and the TV 
streaming infrastructure including wireless access will 
be presented later. 

 
Figure 1. UPV Television 

 
Nevertheless, whereas we have detected that the 

service works well (provides good QoS) in wired 
receiver devices (i.e., connected directly to the wired 
network), on the contrary, some problems arise when 
the receivers are mobile devices (laptops, PDAs…) 
which are accessing to the campus network through 
wireless IEEE 802.11 Access Points (AP). The service 
doesn’t provide good QoS to those devices, especially 
when the devices are moving across the Campus. 

 When roaming situations appear, lots of packets 
are lost and the service is stopped during a too long 
interval (half a minute, approximately), time needed to 
rearrange the multicast tree until the new AP. 

We can think that most of the possible scenarios for 
clients accessing IPTV services suggest that they will 
have low mobility during such sessions, but there may 
be brief periods of mobility as the user moves from 
one WLAN access area to another and so the problem 
of vertical handover needs to be addressed. In this 



paper we propose a preliminary solution that 
minimizes the number of lost packets and the duration 
of lack of service intervals when roaming situations are 
inevitable. 

The rest of the paper is organized as follows. In 
Section 2, we discuss related work. In Section 3, we 
present the WI-FI University Campus Network and the 
infrastructure for TV Streaming. In Section 4, a 
possible solution of the problem detected when devices 
are roaming from one AP to another AP is outlined. 
Section 5 presents the results of the evaluation of the 
proposal. Section 6 presents our conclusions, 
discussing some future directions. Finally, the paper 
ends with the references. 

 
2. Related Works 
 

The way of supporting user mobility in IEEE 
802.11 networks can have a strong effect on certain 
types of services. Roaming is the main cause for heavy 
packet loss error in wireless networks. As far as we 
know, the IEEE 802.11b standard for WLANs allows 
for handover between overlapping WLAN cells at the 
link layer. Since this only permits connection to one 
WLAN at a time, it falls into the category of hard 
handovers. During handover clients can not send or 
receive data and packets queued at the old WLAN will 
be lost, making it unsuitable for the handover of 
multimedia traffic. The roaming management produces 
temporary periods of high packet loss which affect 
bandwidth estimations and these underestimations 
reduce service performance during longer periods of 
time than those caused by the usual roaming process. 
For real-time video streaming, roaming directly affects 
the quality of video reception and impacts the user 
satisfaction.  

To date, most MAC protocols for wireless 
networks do not provide a reliable multicast service. 
For reliably multicasting packet over WLAN, it will be 
necessary to modify the MAC layer protocol to add 
recovery mechanism. Adding local recovery at the 
MAC layer can greatly improve the performance for 
multicast in wireless networks. Next-generation 
WLAN standard probably supports the more reliable 
multicast/broadcast scheme [2]. 

In the last years, we have found an intense research 
activity on the effects of WLAN over streaming 
services. There are multiple possible solutions to 
decrease the roaming effects in streaming services, 
ranging from modifications on current streaming 
service devices (clients and servers) to the design of 
new intermediate devices to avoid modifying the 
service devices. Here we present some outstanding 

solutions to improve the quality of such services, 
especially in roaming situations. 

The first option we can think of is the use of 
Mobile IP [3], which allows a Mobile Node (MN) to 
receive IP packets through a packet forwarding 
procedure, but handovers in Mobile IP are slow and 
packets can be lost during the handover procedure, 
making it unsuitable for the handover of video traffic. 

In [4], an advanced agent-based architecture to 
provide guaranteed quality to the Mobile users in a 
WLAN is presented for a VoD (Video on Demand) 
Service. In it, the Access Points manage the user’s 
mobility (handoff) and implement the management 
policies of the QoS (reservation, allocation and 
distribution of the bandwidth). The service architecture 
is based on intermediate elements (virtual servers) and 
client software modifications. 

In [5], a vertical soft handover scheme is presented, 
using jitter as the indicator for initiating the handover 
process. 

A method combining the benefits of multiple 
descriptions coding (MDC) and multipath routing is 
explained in [6] to improve the quality of streamed 
video in WLAN roaming situations. It incorporates 
channel status detection mechanism to decide which 
channel will be selected or multiple channels will be 
used to take advantage of path diversity to deliver the 
streaming video content. The loss-rate and round-trip 
time are used to determine the channel status by using 
active probing. 

In [7] we caon find a proxy-based middleware that 
foresees client handoff and manages intermediate 
buffers between client and server to reduce the effects 
of the handover latency. The proxy manages an 
intermediate buffer that stores data during roaming to 
reduce packet loss. 

In [8], a solution to minimize all the negative 
effects of a roaming situation in a WLAN, based on a 
buffering scheme and the pro-active management of 
signalling control messages between clients and server, 
is proposed.  It is based on off-the-shelf WiFi 
hardware and unmodified commercial streaming 
clients and servers. A Wireless Proxy (intermediate 
element) aware of the type of access network is used to 
manage client to server signalling. The results show 
that the use of such a transparent intermediate element 
filtering or forwarding client signalling messages 
significantly improves streaming service performance 
over WLANs. The results of the tests also show that 
maintaining an independent stable channel between 
server and proxy helps to reduce roaming effects over 
the interchanged data. 

Our solution, explained in Section 4, decreases the 
amount of lost packets during the roaming processes, 



by including a new intermediate device and using a 
WiFi location system. It doesn’t imply the 
modification of the server or clients sides and then is 
suitable to be implemented for any kind of networks.  

 
3. The WI-FI University Campus Network. 
TV Streaming Infrastructure 
 

As stated previously, Polytechnic University of 
Valencia has, for more than three years, a system for 
distributing IPTV for 38 simultaneous channels with 
MPEG-2 encoding at 4-Mbit/s over the network. 
Reception of TV channels is either from the user’s PC 
or, for conventional televisions with set-top-boxes 
(STB) connected to the IP network. 

This service is used in computers on the wired 
network without cuts or reception problems, using 
multicast services over the UPV campus network 
infrastructure, which allows access for 40,000 users at 
the University with L3 and L2 Gigabit and Fast 
Ethernet switches with for IGMP snooping support. 
This function intercepts multicast traffic intelligently to 
avoid the multicast flow where it is not necessary by 
knowing about multicast requirements reading IGMP 
report and IGMP join messages between the multicast 
routers and network PCs. A sample of the network 
infrastructure of the UPV used for IPTV services can 
be seen in Figure 2. 
 

Figure 2. Network communications for UPVTV 
 

Moreover, the University has an 802.11g wireless 
network, with over 500 APs deployed, which provides 
100% coverage of the campus. Obviously, it is not 
possible to deploy directly a IPTV service to the WiFi   
network directly because of bandwidth involved. So, 
we have developed a testbed for providing IPTV 
services for mobile devices using a farm of PCs using 
open-source VLC encoder [9]. That PCs scale and 
compress on the fly each of the different TV channels 
with MPEG-4 codec at a speed of 256 kbps and a 
resolution of 320x240 pixels and recast those streams 
to the network with a new multicast group (one for 

each TV channel). This recoding enables receiving 
with an appropriate bandwidth via the University’s 
WiFi   network as shown in figure 3. 
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Figure 3. Multicast TV roaming setup 

 
Again, it is necessary to comment on the pre-

requisite of IGMP snooping support by the network 
devices involved to prevent getting into a WiFi   cell 
more multicast groups than the required ones. But this 
infrastructure cannot support roaming in an appropriate 
way, because if the user roams from AP to any other 
AP, multicast packet loss is unacceptable, because the 
new L2 switch doesn’t allow multicast packets to flow, 
and this effect is amplified by the usual requirement of 
coding systems in having a video key frame to be able 
to continue playing. This loss of connectivity is the 
problem we try to solve with our proposal. 

Now we have to clarify the concepts of soft 
handover and hard handover. While we can find these 
terms elsewhere in the literature in some senses, some 
specific meaning is required here.  

On the one hand, and in the context of our work, 
we consider soft handover as a handover in which the 
same data is delivered to the mobile device 
simultaneously via two access networks. This can be 
resource intensive but it reduces the probability of data 
loss during the handover. On the other hand, we 
consider a hard handover as the one in which data is 
streamed via one network at any time (at some specific 
time, a decision is made to receive the data through 
one specific network). Hard handover is more 
parsimonious with network resources but it can result 
in data loss at the user device, depending on how 
quickly the handover is made and how much data the 
device is transmitting/receiving. 

As mentioned above, the way IEEE 802.11 allows 
for handover between overlapping WLAN cells at the 
link layer causes packet loss, making it unsuitable for 
the handover of multimedia traffic. Moreover, after a 



hard handover the mobile device will not receive 
multicast due to the path is blocked by the IGMP 
snooping functionality. 

Finally there are many proposals for location on 
802.11 networks. We will be interested on location 
from the network side, as proposed in [10], by means 
of power received by the APs and probably a field 
survey. We will use that location information to 
prepare multicast traffic in roaming situations.  
 
4. Outline of multimedia handover scheme 

 
As stated previously, our proposal solves packet 

loss on hard IEEE 802.11 roaming by combining 
location and network control in order to achieve near-
seamless multicast roaming without requiring any 
802.11 client behavior modification. 

Scheme is depicted on figure 3. When a client 
registers on a multicast group via an IGMP Join 
message, the first upstream multicast routers sends a 
SNMP message to a control server (through standard 
event notification process), in order to locate the 
position of that client (message number 1 in figure 4). 
This location system is based on Power measurements 
that are also sent to the control server trough SNMP 
messages too (message number 2 in figure 4). 

When a multicast client is about to leave a WiFi   
cell, the location systems send a message to the L2 
switches in the new route from the multicast sender to 
the planned AP (message 3). This message must arrive 
to all L2 switches that will be in the path of the new 
multicast route to the predicted Access Point.  

In our real implementation with CISCO switches, 
that message sends a “ip igmp snooping vlan static” 
command to configure an L2 interface as a member of 
that multicast group. As far as we have no opportunity 
to deal directly with source code of CISCO operating 
system, we have simulated a Telnet session with 
prerecorded commands to send effectively the 
previously mentioned message. Anyway, the way we 
think it should be done is through a standard SNMP 
message. 

After this message we have two simultaneous 
multicast paths in which we have flowing the TV 
session. Then there are two possibilities: the first one is 
that the mobile roams as we have expected because of 
the information provided by the location system, or 
maybe the user has changed its mind (was my office 
locked?) and decides not to roam. In each solution, 
IGMP timers for multicast sessions will take care of 
the unused path and will delete it gracefully. So our 
proposal works correctly even for that kind of events. 
 

 

 

Figure 4. Message flow for our proposal 
 
5. Evaluation 

 
We have implemented this service on an 

infrastructure of APs and switches from Cisco Systems 
in a building of the university and we have made 
several tests of roaming in real wireless environments 
using this technology. The scenario is shown in figure 
5. The laptop was running a VLC client ([9]) and a 
random TV channel was selected to be watched. The 
laptop characteristics are: Macbook Pro laptop under  
Leopard OS, Intel Core Duo 2,2 GHz, 4GB of RAM. It 
was equipped with interior Broadcom WLAN 802.11n 
adapter. 

 
 

AP2 AP1 
 

 
Figure 5. Measurement scenario 

 



The laptop started the playout in the coverage area 
of an AP (AP 1, in the figure) and moved along the 
corridor (following the arrow path) to the covering 
area of another AP (AP 2, in the figure). 

Our test transmission is a MPEG-4 video at 256 
Kbps with a 320x240 pixels resolution, which is a 
bandwidth we have estimated correct for TV reception 
in mobile devices like PDAs and Smartphones.  

All the tests were made in two ways: one without 
including the improvement proposed and other with it. 
Due to paper extension limitations, we only show the 
results of one of the tests. 

Next, we present three figures with the results of 
lost packets (figure 6), jitter (figure 7) and bandwidth 
consumption (figure 8) measured during the session, 
using the Wireshark Network Protocol Analyzer 
Software (version 0.99.7). In them, we can observe 
that when we don’t implement the proposed 
improvement, the Mobile device reception of packets 
was interrupted from the second 81 to the second 115 
(34 seconds later), instant in which it continued the 
playout of the TV sequence. This means an 
unacceptable lack of service of about 34 seconds 
(pause in the playout process and a skip effect with the 
loss of part of the TV sequence).  
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Figure 6. Lost Packets 
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Figure 7. Jitter 
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The total amount of lost packets in this case, due to 
the roaming operation, was 3230 packets. On the other 
hand, when we implemented our proposal, in the 
mobile device the reception of packets was interrupted 
from the second 81 to the second 84 (3 seconds later), 
instant in which it continued the playout of the TV 
sequence. This means a quite short time of service 
interruption more tolerable by the users. The total 
amount of lost packets in this case, due to the roaming 
operation, was 422 packets (it means a reduction of the 
87% regarding the number of lost packets in the 
previous test, without implementing the improvement). 

All the tests obtained similar results. So, we can 
conclude that with our improvement we reduce 
considerably the amount of lost packets and the 
duration of the interval without service due to the 
roaming operation. 

 
6. Conclusions and Future Work 
 

The distribution of IPTV is the natural evolution of 
the services offered by the Universities to their 
members. In the UPV there is a complete IPTV 
service, on the one hand, with satisfactory 
functionality QoS (and compatibility with other 
services) offered to the wired devices but, on the other 
hand, with unsatisfactory QoS offered to Mobile 
Devices. With the preliminary solution proposed in 
this paper we have reduced considerably the number of 
lost packets and the duration of the situations of lack of 
service due to the roaming situations, and without 
modifying the server and clients sides. It has been 
tested without background traffic load, so the effects 
over different levels of load have not been analyzed. 
Moreover, the study of multiple users performing 
roaming has not been done yet. 

As far as our solution has proved valid, we will 
continue investigating on the feasibility of a similar 
solution for 3G to WiFi   roaming and WiFi   to wimax 
roaming, because we have some extent of these 
technologies deployed across the campus and that kind 
of support will provide a new level of service for our 
users. 

On the other hand, Microsoft researchers in 
conjunction with some academics proposed in [11] a 
mechanism by which a single WLAN interface can be 
used to simultaneously access multiple WLANs. If 
future devices will have such functionality we can start 
the handover process through the second WLAN 
before losing connection to the previous one. With 
buffering techniques no packets or few packets will be 
lost. 

Moreover, other services such as access control and 
the characteristics of the audience of the service are 
not defined yet. At this stage, those subjects are being  
studied. 
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