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Abstract - The end-to-end QoS support for multimedia 
applications is an important issue. However, existing 
proposals either end up in a coarse-grained QoS support or 
they are simply not scalable. To address this issue, dynamic 
aggregation of individual reserved sessions into common 
classes is recommended.  
In end-to-end communications it is important to carefully 
select the starting and ending point for an aggregation. The 
goal is to minimize state information and processing load in 
the routers. Moreover, the capability of the users to switch 
their active connections/sessions from one point to another, 
and even from one operator to another, places extra 
requirements in the management of the aggregated 
information. Our work discusses the performance of existing 
protocols and builds upon BGRP, a scalable protocol that is 
designed to efficiently aggregate resources. We propose the 
addition of mobility extensions to BGRP and assess their 
performance through some simple metrics. 

I. INTRODUCTION 

QoS support is a well-studied issue and several 
proposals and standards have been issued during the past 
years. A number of protocols are proposed to handle QoS 
in local networks or even end-to-end ([1], [2]). The IETF 
“Next Steps in Signaling” working group ([3]) is currently 
working to standardize IP signaling protocols with QoS 
signaling as the first use case. In [4], a protocol for the 
routing and transport of per-flow signaling messages is 
presented, while in [5] the NSIS Signaling Layer Protocol 
(NSLP) for signaling QoS reservations in the Internet is 
described. These protocols do not follow the coarse-
grained QoS support of Diffserv [7], but provide similar 
functionality to RSVP [6]. Obviously, special care has 
been taken to support additional features such as sender 
based reservation as well as receiver based reservations. 
From these efforts it is clear that in order to dynamically 
control end-to-end QoS schemes, signaling has to travel 
from one end to the other each time a new session is to be 
established. However, this may raise scaling issues, 
especially for the core network routers. To ameliorate this 
burden, aggregation of signaling information is required. 
The scheme that one should use to minimize the 
processing load and the signaling information stored in the 
routers remains as an open issue. 

Another challenge is to study how these aggregation 
schemes will perform with mobile terminals. Future 
scenarios expect users to be able to vertically handoff their 
connections from one radio access technology to another 
or even dynamically select to switch from one Operator, 
or Internet Service Provider, to another (e.g., handover 
from/to WLAN to/from WiMAX, UMTS etc). In these 
cases it is possible that the new end-to-end path, although 
sharing a large segment with the old one, will not include 
the previous aggregation point. Thus, resources need to be 

re-established in an end-to-end fashion, despite the fact 
that a portion of the previously established path could be 
re-used.  

To tackle this issue our proposal builds on BGRP [8], 
an existing inter-domain protocol for aggregating 
resources. With minor modifications we have designed an 
extended version of it, called Mobile BGRP (MBGRP) 
that efficiently handles the movement of terminals.  

This paper is organized as follows. In Section II, we 
discuss existing protocols designed to aggregate 
reservations. In Section III, we examine more closely 
aggregation schemes’ scalability issues and discuss the 
reason why we need mobility support for these protocols. 
In Section IV, we present the details of MBGRP and 
perform a simple quantitative evaluation of the new 
protocol. We conclude the paper in Section V. 

II. RELATED WORK 

There are several alternatives for aggregating 
information. The first one is described in [9] and suggests 
the use of a single RSVP reservation to aggregate other 
RSVP reservations across a transit routing region. With 
this technique, an aggregation region is defined as a 
contiguous set of systems that can perform aggregations 
along any possible route throughout this region. 
Obviously, this solution manages to reduce the number of 
states and signaling exchange inside these areas. However, 
it does not specify a selection mechanism for the 
appropriate placement of aggregators and de-aggregators 
in the end-to-end path. It merely specifies as appropriate 
selections the ingress and the egress routers of the 
aggregation region. Thus, we believe that if used in end-
to-end schemes this solution will result in a significant 
number of aggregates for the nodes located inside the core 
network.  

Another proposal is described in [10]. The DARIS 
(Dynamic Aggregation of Reservations for Internet 
Services) architecture assumes the existence of a central 
resource management entity (similar to the bandwidth 
broker approach) inside each DiffServ domain that has a 
complete knowledge and control of the resources inside 
the domain. It also avails the inter-domain BGP routing 
table. DARIS enables the creation of an aggregate 
between two arbitrary domains as soon as a threshold of 
active common reservations between the two domains is 
exceeded. In this case, all intermediate edge routers can 
substitute the respective per-flow states with a single 
aggregate state. The DARIS aggregation approach reduces 
stored states and signaling messages when compared to a 
per-flow protocol that does not perform aggregation. 
However, the penalty to pay is the need for this central 
entity and the mechanisms to keep it updated with routing 



and QoS information. Also, the support of nested 
aggregates adds to the complexity of the protocol. 

A QoS signaling protocol specifically designed for 
inter-domain usage between heterogeneous domains (AS - 
Autonomous Systems) is the Border Gateway Reservation 
Protocol (BGRP) [8]. BGRP operates in end-to-end mode 
only between domain border routers. It aims mainly at 
aggregating reservations between administration domains 
improving thus, scalability. BGRP uses the sink-tree 
aggregation approach and performs reservation 
aggregation by building a sink tree for each destination 
domain. Reservations from different source domains that 
are targeted towards the same destination domain are 
aggregated along the path forming a sink-tree. The root of 
this tree is the destination’s domain edge router. BGRP’s 
basic functionality includes a PROBE message sent by the 
source domain towards the receiver to determine resource 
availability and to record the reservation path. The 
destination domain edge router terminates the PROBE and 
sends back a GRAFT message along the reverse path. 
This message performs the actual inter-domain reservation 
and triggers the intra-domain QoS mechanisms in transit 
domains. The GRAFT messages follow the same path 
with PROBE message since record route information is 
gathered during the probing phase. The destination 
domain edge router is the de-aggregation point for the 
reservation aggregate, while the source domain edge 
routers are the aggregation points. By performing sink tree 
based aggregation of reservations towards each 
destination domain, BGRP results in storing per-
destination domain QoS states in border routers. This is a 
significant contribution to scalability when compared to 
the per-flow RSVP. Analysis results presented in [8] show 
that BGRP maintains fewer reservation states than RSVP 
and that the BGRP message rate is significant lower than 
the respective RSVP message rate, resulting in lower 
message processing, storage burden and link bandwidth. 
    The Shared-segment based Inter-domain Control 
Aggregation Protocol (SICAP) ([11]) is another approach 
for supporting aggregate inter-domain reservations 
between Autonomous Systems (ASs). SICAP combines 
the shared-segment aggregation and the tree-based 
aggregation approaches to create tree-based reservation 
aggregates that do not necessarily extend up to the 
destination domains. Apart from the destination domain 
de-aggregator point, Intermediate De-aggregation 
Locations are discovered and created along the path, so 
that reservation requests that share a common path 
segment but do not end-up to the same destination domain 
are aggregated up to one of their common routers along 
the path. SICAP, similarly to BGRP, performs receiver-
based reservations and uses a two-phase setup mechanism 
for their establishment. Simulation results support that 
SICAP maintains fewer aggregate states than BGRP. 
However, SICAP is a more complex protocol than BGRP 
since an algorithm to elect the most suitable intermediate 
de-aggregation points is needed. Moreover, the choice of 
using these points may end up in situations where core 
routers will have to de-aggregate and aggregate from 
scratch a significant number of active sessions.  

 
 

III. SCALABILITY ISSUES 

    To provide a clearer picture about the state information 
needed when aggregating resources, we provide a short 
analysis for [8] and [9]. Aggregate RSVP is currently 
supported on the ongoing work of NSIS. BGRP is, in our 
opinion, not only scalable but also the simplest from the 
existing alternatives. Thus, it is more likely to be 
considered for adoption in the future. BGRP can be more 
scalable than aggregate RSVP and moreover it can be 
easily extended to work in mobile environments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: BGRP and RSVP aggregation 
     
    As an example consider fig. 1 where a simplified 
topology in the form of a binary tree structure is drawn. 
Every circle represents an AS. From every source AS (S1-
S8) N unidirectional sessions are active and are equally 
distributed in every one of the target AS (D1-D8). As an 
example N equals 800 in fig1. Inside every circle in the 
transit networks we have also marked the number of 
connections they serve. Without aggregation we can 
observe the scalability issue inside the core network.  
    Suppose that we use aggregate RSVP and define an 
aggregation region, with T1, T2, T3, T4 as the aggregators 
and T12, T13, T14, T15 as the de-aggregators. Then the 
large number of states that had to be stored in T7,T8,T9 is 
minimized. Each of these nodes will now only to have 16 
reservation states, while T5, T6, T10, T11 only 8. 
However, T1-T4 and T12-T15 will still have a large 
number of states to support.  
In order to find the number of signaling states that we can 
summarize in the whole network if [9] is used, we define 
as L the tree length. “a” and “d” are  the aggregator’s and 
the de-aggregator’s level in the hierarchy. Each leaf of the 
tree is considered to be in level 1. Vi(L) is the number of 
connections passing through a node (i.e., AS) in level i 
and is given by Vi(L) = c*2i-1. c is the number of 
connections in each leaf of the network (e.g., 800 in the 
example of Figure 1). Hi(L) is the number of nodes in the 
binary tree at level L and is given by Hi(L) = 2L-i. In the 
example given, H1(L=5)=16, half of which play the role of 
source domains and the others act as destination domains. 
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In a general case the total gain from the number of states 
that can be eliminated due to aggregation is given from (1): 
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  (1) 
The first two terms calculate the number of states in the 

levels between the aggregator and the de-aggregator that 
will be replaced by aggregated states. The last two terms 
represent the number of the new aggregated states that 
will be installed in all nodes from the aggregator to the de-
aggregator.  

Note that the incentive for one to act as an 
aggregator/de-aggregator is small since this node will 
have all states of the active connections and in addition 
the new aggregated states, i.e., it will suffer an 
“aggregation penalty”. Equation (1) holds also if the 
aggregators and de-aggregators are placed in different tree 
levels. Studying (1) we see that in order to maximize the 
gain (i.e., minimize the total number of states in the 
network) we need to build the longest possible aggregates. 
However, in this case the core network nodes will have 
more aggregates states, the number of which is equal to 
the number of nodes in the aggregators’ level multiplied 
by the number of nodes in the de-aggregators’ level (e.g., 
16 states for T8 in the example of Figure 2). 

In the case of BGRP the corresponding equation for the 
same topology is given by (2): 
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(2) 
From (2) we can see that the first two terms are equal 

to the ones of equation (1) when a=1 and d=1. However, 
the number of the aggregated states is at most equal to the 
number of destination domains (8 states in the example of 
fig 1). Obviously this fact places an upper bound to the 
last two terms of (2). Using BGRP, one can expect that the 
source ASs will choose to act as aggregators if they want 
their users’ session to enjoy an end-to end QoS. In this 
case, the “aggregation penalty” is unconditionally 
imposed to all the edge domain border routers. From the 
above elements it is clear that in an end-to-end 
communication BGRP behaves more efficiently than 
Aggregate RSVP.  

However, what both protocols (i.e., [8] and [9]) do not 
offer is the support for the cases where a terminal moves 
from one area to another such that the new branch of the 
end-to-end path bypasses the aggregator. For example, in 
case a terminal located in AS S2 performs a handover 
(e.g., from a UMTS operator to a wireless ISP) to the S3 
system then neither BGRP nor aggregate RSVP will have 
any means to detect that. Thus, end-to-end signaling will 
be issued to reserve resources that are already reserved. In 
this case, the moving terminal will face unnecessary delay 
and the operators will end up with an amount of double-
reserved resources due to moving terminals. 
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Figure 2: MBGRP operation in source movement 
 

 

IV. MBGRP DESCRIPTION 

MBGRP is an extension of BGRP that takes into 
consideration the terminals’ mobility. It is designed to 
cooperate with the protocols designed in NSIS. For this, 
we assume that MBGRP uses GIST [4] to transfer its 
messages. We also assume that the border routers in the 
stub domains (i.e., Si, Di, where i =1..8 in fig 1) support 
both NSLP [5] and MBGRP. As with BGRP, MBGRP 
needs to be placed only in the border routers of the ASs. 
In addition to BGRP, MBGRP requires that the record 
route information be communicated to the end terminals, 
through, for example, NSLP. This information is needed 
in case of a handover, and is used by the mobile terminal 
to notify MBGRP routers that resources have already been 
reserved for a certain path. The information is also used 
by the MBGRP routers to check if they are crossover 
routers or not. Another extension to BGRP is the addition 
of two messages, called R_PROBE and NOTIFY. These 
messages are needed when terminals located at the root of 
the MBGRP sink tree change their location.  

When a new session needs to reserve resources 
(receiver initiated mode), then an NSLP QUERY message 
is issued. This message reaches the border router of the 
AS (e.g., S1). This router will issue a MBGRP PROBE 
message that includes the QUERY’s message information. 
The message will eventually reach the border router of the 
destination AS (e.g., D1). The de-aggregation point will 
issue a NSLP QUERY message towards the destination 
host. The destination host will issue a NSLP RESERVE 
message that will eventually reach the source host. This 
information will be transferred with GRAFT messages 
through the MBGRP enabled routers. Finally, NSLP 
messages will be transferred by GIST, transparently 
through the MBGRP routers, to the destination host. This 
way, resources are reserved in an end-to-end fashion but 
also, the inter-domain signaling states and resources are 
automatically aggregated as described in [8]. PROBE and 
GRAFT messages contain the record route of the path. 
This information is used in order to find the crossover 
MBGRP node when a terminal changes ASs. 
    For example, suppose that a terminal moves from S2 to 
S3. In the BGRP case, end-to-end PROBE and GRAFT 
messages need to be exchanged. What takes place in the 
case of MBGRP is shown in fig 2. 
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Figure 3: MBGRP operation in destination movement 

     
    Firstly, a NSLP QUERY message will be issued 
(receiver based reservation). The message contains the 
record route of the active sessions. The first MBGRP 
router sends a PROBE message that will reach the 
crossover MBGRP router. This router will recognize that 
it is a crossover router (its address is in the record route 
list) and will initiate two new messages:  a TEAR to 
release resources in the old branch, and a GRAFT to the 
new location of the terminal.  
    A slightly different procedure takes place when the 
moving terminal is at the root of a sink tree . Consider the 
case where the terminal changes its location from D2 to 
D3. Since it is a receiver-initiated reservation, a NSLP 
RESERVE will be issued for its active sessions. The first 
MBGRP router needs to initiate the reservation and 
aggregation of resources on the new branch. Thus, it sends 
a reverse PROBE (R_PROBE) message that eventually 
reaches the crossover MBGRP router. This will tear the 
resources in the old path and will initiate a 
PROBE/GRAFT exchange for the new path. Upon 
successful completion of this procedure it will notify the 
border MBGRP router of the new AS to send a NSLP 
RESPONSE back to the terminal. The crossover router 
has to update in the upstream direction (i.e., towards the 
source domains) the information stored in the MBGRP 
routers about the relation of reserved bandwidth and the 
roots of the sink trees. 
 
    The number of signaling exchanges and processing for 
BGRP in case a terminal moves from one place to another 
is always: 

Cost = 3 * Distance (src location, dst location) 
    This is because end-to-end PROBE/GRAFT and TEAR 
messages have to be issued. For the cost in MBGRP we 
distinguish two cases. In the first case, a terminal is 
moving from one source AS to another: 

Cost = 2*Distance (crossover, new location) + 
Distance(crossover, old location) 

    The first term is related to the exchange of 
PROBE/GRAFT messages and the second one to the 
dispatch of TEAR messages.  

    In the second case, a terminal located in the root of a 
sink tree changes its location and the related cost is given 
by: 

Cost= 3* Distance(crossover, new location) + Distance 
(crossover, old location) + Distance (Crossover, src 

location). 
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Figure 4: BGRP Vs MBGRP 

 
     
    This cost is higher, since apart from the PROBE, 
GRAFT and TEAR messages, R_PROBEs need to be 
issued and UPDATE messages must travel all the way 
back to the communicating terminals in source ASs. 
     In fig 4 we present, for illustrative reasons, some 
simple examples of the cost difference between BGRP 
and MBGRP, for a binary tree topology where the tree 
length L=5 for the first example and L=10 for the second. 
In these examples, we have assumed that the moving 
terminal has 2 active sessions and it can move only from 
one leaf to another.  
    As we can observe, MBGRP needs to exchange far less 
messages even in the cases where a terminal moves from 
the first leaf of the tree to the last (e.g., from S1 to S8), or 
when a terminal located at the root of the sink tree 
changes its location. 
 

V. CONCLUSIONS 

    In this paper we have presented arguments on necessity 
and merits of aggregation signaling, and examined more 
deeply the scalability issues of two aggregation protocols. 
After selecting BGRP, based on its performance and its 
potential to operate in mobile environments, we presented 
an extended version that can work more efficiently when a 
terminal’s movement obsoletes the old aggregators’ 
location. 
     By means of simple analysis we have shown that 
MBGRP results in fewer messages, minimization of the 
load in core routers as well as the time needed to re-
establish the end-to-end QoS supporting path.  
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