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Abstract. Mobile IPv6 is the IETF proposition to support host mo-
bility in the Internet. It provides routing optimization for packets sent
to the mobile node at the expense of signaling messages that are pe-
riodically sent to the correspondent of the mobile node. We propose
using XCAST, a multicast technique best designed for small groups, as
a means to decrease this signaling. XCAST records the addresses of all
the destinations in the packet itself. We evaluate the performance of our
proposition against Mobile IPv6 route optimization. We obtain good re-
sults even when a very few routers, well located in the network, are able
to process the extension.

1 Introduction

Fixed nodes are permanently attached to the same subnetwork and are identi-
fied by a permanent IP address which determines the subnetwork where they
are attached to. Unlike fixed nodes, mobile nodes (MNs) change their point of
attachment in the Internet topology. They are moving from subnetwork to sub-
network and are reachable at different locations in the Internet topology. As a
result from this, MNs must change their addresses. However, the IP address has
a dual semantic at the network layer (used both as a locator and as an identi-
fier) and is also used at upper layers as a node identifier. There is a therefore
a trade-off between retaining the IP address which fails routing and changing
the address which breaks upper layer connections [1, 2]. Mobile IPv6 (MIP6) [3]
proposes two-tier addressing as the solution to this conflicting dual semantic and
use of IP addresses. Two-tier addressing associates a MN with two addresses,
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one is permanent and used as a location invariant identifier, and the other one
is temporary and used for routing. An address translation mechanism offers mi-
gration transparency to upper layers and insures backward compatibility with
transport protocols. Connections are not disrupted as a result of mobility. In-
terestingly, Mobile IPv6 allows routing optimization (direct routing) for packets
sent to the MN. This saves bandwidth and preserves delays, at the expense of
signaling messages to update the current location of the MN.

Table 1. Traditional Multicast vs Explicit Multicast

Metric Traditional Multicast Explicit Multicast

Group Members Unknown to the source Known to the source

Identifier Group identified by single address No group identifier

Membership Management Protocol needed No group membership management

Distribution Tree Multicast routing protocol responsive for No need to build a tree, use standard uni-
distribution tree establishment cast routing table

Multicast Address Multicast address discovery No multicast address discovery

Packet Overhead No overhead List of group members self contained in the

transmitted data packet

Packet Processing Check forwarding interface for each branch Check forwarding interface for each desti-
of the tree nation

Signaling Large amount of signaling No signaling

Memory State in each multicast router No state in routers

Scalability Targe number of group members Targe number of small groups

Multicast aims at minimizing bandwidth consumption when there are mul-
tiple destinations for a given packet. Hence, the aim of multicast is to avoid
duplicate information flowing over the same link. The packet is only duplicated
when all destinations are not reachable via the same next hop. In the traditional
multicast model, as defined in [4,5], a multicast address is assigned to a collec-
tion of nodes that form a multicast group. A multicast routing protocol constructs
a multicast delivery tree. We commonly distinguish two kinds of multicast de-
livery tree, the Shortest Path Tree (SPT), and the Shared Tree, or Core-Based
Tree (CBT). The SPT is a minimum spanning tree rooted at the source. Each
source in the group has its own SPT. The CBT is a single delivery tree built per
multicast group, and is shared by all senders in this group. This tree is rooted
at a single core router. Packets are thereafter sent to the multicast address and
forwaded along the delivery tree.

Explicit Multicast (Xcast) [6-9] (also known as Small Group Multicast or
List-Based Multicast), is an orthogonal and recent multicast technique, designed
to complement traditional multicast. The basic idea is to carry the list of recip-
ients of a packet in the packet itself. Intermediate routers must read the list of
destinations to check if they have distinct next hops. Compared to traditional
multicast, Xcast is very simple. There is no multicast routing protocol, no mul-
ticast address, and no group membership protocol. Both techniques are indeed
complementary to one another since a ”one size fits all” protocol seems unable
to meet the requirements of all applications. As shown on tab.l, Xcast seems
more appropriate for a large number of multicast groups with a small number of
members, whereas traditional multicast is more appropriate for a large number
of group members. Applications of Xcast include narrowcast-like (few-to-few)
applications (e.g. IP telephony, collaborative applications, etc), whereas tradi-



tional multicast is targeted to broadcast-like (one-to-many) applications (e.g.
TV and radio programs, weather forecast, etc).

In this paper, we propose Xcast as a means to carry Mobile IPv6 signaling
while maintaining routing optimization. Mobile IPv6 is outlined in section 2
whereas the Xcast extensions brought to Mobile IPv6 are described in section
3. The performance of this solution is evaluated in section 4.

2 Mobile IPv6 and its Shortcomings

Mobile IPv6 associates a MN with two addresses. The Home Address M N, 4 is
permanent and obtained on a link in the home network (home link). In addition,
the MN obtains a new temporary Care-of Address M Ng,4 on each subsequent
visited link. This terminology is illustrated on fig.1. The MN may own several
Care-of Addresses at anytime, one of which is selected as the primary M Ng,a.
The binding between M Ng,4 and the primary M Ng, 4 is registered with the
Home Agent (HA), a special node on the home link. This registration is per-
formed by means of a Binding Update (BU) message containing both addresses.
Once it receives a BU, the HA adds or update an entry in its Binding Cache.
The Home Address is used as the key for searching the Binding Cache. As a
result of this registration, the HA is able to intercept all packets intended for
the MN and to encapsulate them to the current Care-of Address M N¢goa.

binding

careof address

Fig. 1. Mobile IP Terminology

A correspondent node (CN) willing to communicate with a MN first calls
the DNS which returns the MN’s Home Address. Packets are then routed to the
home link where they are intercepted and encapsulated by the HA to M Ngoa.
The packet is decapsulated by the MN and the CN is inserted in the Binding
List. At this point, the MN may also send a BU containing its primary M Ng,a
to some or all CNs recorded in its Binding List to avoid triangle routing via the
HA (fig.2.a). The CN authenticates the packet and adds an entry in the Binding
Cache like the HA. Forthcoming packets are then directly sent to the M Ngoa
using an IPv6 Routing Fxtension Header.



BUs are sent alone in separate packets containing no payload, but according
to [3], BUs may be piggybacked in payload datagrams. However, this has so far
not been specificied. Typically, the MN sends 5 consecutive BUs with a 1-second
interval just after forming a new primary Care-of Address. After this, the MN
keeps sending BUs at a lower rate, typically every 10 seconds, in order to refresh
Binding Cache entries.

Routing optimization from the CN to the MN is one of the most interest-
ing Mobile IPv6 features, particularly when MNs are not located in their native
administrative domain. In this situation, simulations results in [10] have shown
that the mean distance, expressed in number of hops, when routing optimization
is used between the CN and the MN, is half the distance via the HA when rout-
ing optimization is not used. Not only the transmission cost (total number of
bytes transmitted over the network) increases, but also the mean delay. Simula-
tions have also outlined that the distance varies much more on the triangle route
than on the direct route, thus further exhibiting the need for routing optimiza-
tion. When the transmission cost is compared against the mobility cost (total
number of bytes consumed by Mobile IPv6 signaling), the simulations show that
the aggregated cost remains less important over the direct route with routing
optimization than over the triangle route with no routing optimization, even for
a very low data rate between the CN and the MN.

However, since BUs are sent periodically, we have also observed that the MN
sends short packet bursts, separated by silent periods on the order of several
seconds. This periodic burst is propagated to the entire network and consumes
a significant amount of the available bandwidth in situations where the MN has
a large number of CNs. This is particularly true on the wireless link between the
MN and its Access Router when the MN has formed a new Care-of Address (5
consecutive BUs are sent to each CN). This problem is referred to as a binding
update explosion in [10] or a binding update storm.

We conclude that while there is no doubt that Mobile IPv6 provides for
optimal routing advantageously, the transmission cost has to be balanced against
the mobility cost which increases linearly with the number of CNs. Solutions to
minimize this mobility cost must thus be looked into.

3 XCAST Delivery of Binding Updates

In this section, we propose extending Mobile IPv6 with Xcast to deliver BUs
as a means to minimize signaling. The addresses of several CNs are recorded in
the BU, instead of sending individual BUs. This only requires minor extensions
to Mobile IPv6. For doing so, we define a new Xcast Header, implemented as
an Hop-by-Hop Extension Header. As such, it should be processed by all routers
that understand this option. Its length varies according to the number of CNs,
number that may only be limited for performance considerations. Each desti-
nation recorded in the header corresponds to a rank in a bitmap field. When
set, a bit indicates that the corresponding destination still remains undelivered.
This field must be updated by each duplicating router. Its purpose is to prevent



(a) With Unicast BUs (b) With XCAST BUs

Fig. 2. Routing Optimization with Mobile IPv6

loops and to avoid the processing of destinations to which a duplicate packet was
already transmitted. A remowve flag specifies if destinations not reachable from
the interface where a BU is going to be forwarded must be removed. The MN
must be able to fill the Xcast Header and is provided a basic decision mechanism
to decide whether BUs should be sent individually or by means of Xcast. In the
latter case, the Xcast Header is filled with the corresponding CNs as found in
the Binding List. The header length and bitmap fields are filled appropriately.
CNs may also be split into separate Xcast BUs.

The Xcast Header must be processed by a number of routers and the CNs, as
illustrated on fig.2.b. A single BU is sent to A, B and C. On receiving a packet
with an Xcast Header, a Xcast-enabled router checks if there is still destinations
to which the packet remains undelivered. If all bits in the bitmap are unset, no
duplication is required anymore. For each bit set, the Xcast-enabled router reads
the corresponding address and interrogates its routing table for ascertaining the
next hop towards this address. As the next hop to A diverges from the next hop
toward B and C| the packet is duplicated as many times as there are distinct next
hops towards the destinations. Useless destinations are also removed to decrease
packet overhead, and the bitmap is set appropriately. A copy is transmitted on
the interface toward A and one on the interface toward B and C. In circumstances
where Xcast-enabled routers are not widely deployed, a CN may receive a BU
with a number of CNs remaining in the header. In such a case, processing the
Xcast Header at the CN ensures BUs’ delivery to all CNs. On receiving such a
BU, the CN first checks the bitmap. If there is more than one bit set, the BU
is duplicated, the bit corresponding to the CN is removed, and the packet is
forwarded.
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Fig. 3. On-Tree Links

4 Performance Evaluation

In this section, we compare the Xcast delivery of BU against the standard unicast
delivery. Simulations were conducted using NS-2 which has been extended on
purpose [11]. A 1050-routers hierarchical topology was generated with GT-ITM
This topology comprises 10 backbones and a total of 100 sites. Border routers
(BRs in figures) are routers connecting sites to a backbone and transit routers
(TNs in figures) are routers in a backbone. CNs are randomly attached to a site
router. Given the size of sites, CNs are located 1 to 3 hops away from a border
router.

The MN is displaced for 50 seconds in a specific site and is communicating
with a number of z randomly selected CNs varying from 1 to 32. The MN doesn’t
move between subnetworks in a given site. In order to obtain uniform results,
independently from the location of the MN and the selected CNs, the simulation
is performed 8 times for each set of CNs, positioning the MN in a different
randomly selected site. We show all the 8 positions on figures to emphasize that
the location of the MN and CNs has no significant impact on the results. This
explains why curves are always irregular between any two numbers of CNs. This
indeed corresponds to a scenario where the MN is performing wide-area mobility
(i.e. topologically distant displacements between sites or access networks), i.e.
changing site every 50 seconds and increasing the number of CNs every 8 x 50
seconds.

The same seed numbers are always retained for selecting CNs and generating
displacements of the MN. The performance of Xcast is evaluated under four
situations, when all routers and CNs are Xcast-enabled; when only CNs are



Xcast-enabled; when both CNs and BRs are Xcast-enabled; and when both CNs
TNs are Xcast-enabled. The remove flag is always set.

More details about the NS-2 extensions and the simulation results can be
found in [10]. In fig. 3 to 7, Xcast is referred to as LBM (List Based Multicast)
whereas Mobile IPv6 is referred to as unicast.

4.1 Which routers should be XCAST-enabled

Mobility Cost (only BUs to CNs - Sample [1,1])
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Fig. 4. Mobility Cost: BUs to CNs only

As shown on fig.3, the number of on-tree links (total number of links con-
sumed by periodic BUs transmitted over the entire network from a position s of
the MN to the group g of z CNs during interval of time ¢=50) when all routers
are Xcast-enabled is equivalent to the situation where only transit routers and
CNs are Xcast-enabled (lower two curves). Similarly, this number is nearly equal
when only CNs are Xcast-enabled and when both border routers and CNs are
Xcast-enabled (upper two curves). This is due to the uniform distribution of
CNs in the topology (the probability that two CNs are in the same site is low).
We also see that the slope of the upper curves is higher than the lower curves.
The former two increase linearly whereas the latter two look like log(nb CNs).

The mobility cost (total number of bytes consumed by periodic BUs trans-
mitted over the entire network from a position s of the MN to the group g of
z CNs during interval of time ¢=50) as shown on fig.4, is not proportional to
the number of on-tree links since the packet length increases with the number of
CNs. Xcast performs badly when the feature is not well deployed in the network
since BUs are bounced from one Xcast speaker to another.



End-To-End Delay between MN and the most distant CN (All Samples)
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Fig. 5. End-To-End Delay

We note that the slope of all curves is not constant and slows down between
9 and 12 CNs, as for the on-tree links, particularly the upper two curves. On the
on-tree links curves, the slope is higher before 9 CNs, and lower after 12 CNs;
on the mobility cost curves, the slope is lower before 9 CNs and higher after 12
CNs. This seems to indicate first an optimal value when a BU is most likely to
be duplicated, and second an optimal value when the list of CNs is most likely
to be split into two equivalent number of CNs. As the BU progresses in the
network, the combination of these two events is most unlikely to happen.

The mazimum end-to-end delay between the MN and the most distant CN
is shown on fig.5. This delay has an upper limit when all routers or at least TNs
are Xcast-enabled (lower two curves). It obviously tends to increase rapidly to a
very large end-to-end delay when only CNs are Xcast-enabled (upper curve). In
this case, the packet traverses all CNs before reaching its ultimate destination.

4.2 XCAST vs Unicast

When we compare the number of on-tree links for the Xcast delivery of BUs
against standard Mobile IPv6 (fig.6), we see that Xcast-enabled at both transit
routers and CNs (lower curve) is more appropriate than unicast from a number
of CNs turning around 5 (upper curve). In terms of mobility cost, fig.7, shows
that Xcast only enabled at CNs (upper curve) compares very poorly against
standard Mobile IPv6 (second curve from top). However, the benefit of Xcast
over unicast is obvious when there exists a minimum number of Xcast-enabled
routers well located in the network, i.e. at CNs and TNs (third curve from top).
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5 Conclusion

Routing optimization between correspondent nodes and mobile nodes is a nec-
essary feature to reduce the network load and the transmission delays. However,
routing optimization using Mobile IPv6 is made at the expense of periodic BUs
that must be sent individually and periodically to every CNs. When these mes-
sages are sent to an increasing number of CNs, a periodic signaling burst is prop-
agated in the network. Links close to the node that emits these BUs are most
likely to suffer from this, particularly over the air where a significant amount
of the available bandwidth is consumed. It is therefore proposed to use Xcast
as a means to minimize Mobile IPv6 signaling. The comparison of the unicast
delivery of BUs against Xcast shows that Xcast performs rather well provided
that a number of routers are Xcast-enabled. On the other hand, Xcast is clearly
inefficient when only CNs are able to process the header. We note that the Xcast
Header requires more processing of the packet at intermediate routers, thus it is
not recommended to process the header at each router. The tradeoff is certainly,
as highlighted by the performance results, to process this header only at routers
well located in the network, probably at transit points like in the backbone.
In order to ensure the delivery of BUs to all CNs, all CNs listed in the Xcast
Header must also be Xcast-enabled. Of course, Xcast is inevitably restricted to
a limited number of CNs since the more CNs in the packet, the larger the packet
length. To overcome this, CNs may be split into separate groups. As a side note,
we observe that our proposal faces a number of security issues that need to be
considered in future work. Also, a possible area of application could be network
mobility (NEMO).
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