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Abstract: Ad-Hoc networks are flexible, adapt to topology changes due to 
mobility of nodes, and can de deployed where network infrastructure is not 
available. Research has been done mainly in the area of routing and for isolated 
Ad-Hoc networks. Some efforts are on the way to connect Ad-Hoc networks to the 
internet. It is however important to support QoS aware multimedia applications in
this environment. A QoS architecture for Ad-Hoc networks is necessary that 
interworks with infrastructure based QoS approaches. Our approach extends
SWAN and provides QoS support for communication between Ad-Hoc nodes and 
nodes located in the public internet. The gateway, which provides internet 
connectivity to Ad-Hoc nodes, is also responsible for QoS signaling interworking 
and participates in admission control decisions and traffic regulation. 

1 Introduction and State of the Art 

Mobile Ad-Hoc Networks (MANETs) have gained a lot of attraction because they are 
very flexible, adapt to topology changes due to e.g. mobility of nodes, and can de 
deployed where network infrastructure is not available. The interconnection of MANETs 
to fixed infrastructure based IP networks will be very important in order to provide the
ubiquitous user internet access anywhere at any time. In such scenarios, also known as
“extended hotspot”, “hybrid” or “integrated Ad-Hoc networks”, internet access is
provided by using packet forwarding capabilities of intermediate Ad-Hoc network nodes 
towards the Access Router (AR) or gateway to the Internet. In this environment it is
necessary to enable multimedia communication across Ad-Hoc Networks and the 
Internet. This requires support for QoS architectures and protocols. Basic internet
connectivity for Ad-Hoc nodes requires the knowledge of one or more gateways (usually 
co-located with the Access Routers) that connect the Ad-Hoc fringe to the fixed network. 
In this case, global addressing of Ad-Hoc nodes is required and Ad-Hoc nodes must 
know the gateway/prefix pair to build an IPv6 global address. Regarding gateway 
discovery, either proactive (e.g. [JNF03]), reactive (e.g. [WM04]) or hybrid (e.g.
[LKG03], [RK03]) approaches have been proposed. Here, we assume that nodes have 
already configured themselves and we are interested in providing QoS for flows among 
Ad-Hoc nodes and for flows between Ad-Hoc nodes and the public internet. 

There exist several QoS architecture proposals for isolated Ad-Hoc networks. These
architectures are mainly based on previous work carried out in terms of QoS support in 
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infrastructure networks, modified in order to be responsive to the dynamics of Ad-Hoc 
networks topology and to the absence of a centralized resource management entity. 
INSIGNIA [LE02] (an in-band signaling system with support for adaptive reservation-
based services), SWAN [AH02] (a stateless service differentiation mechanism) and
FQMM [XI00] (a QoS model developed for assuring some level of service
differentiation, supporting hybrid per-flow/per-class provisioning) are some of the most 
well-known proposals for Ad-Hoc QoS architectures. However, those models are not 
easily applicable in our environment, when Ad-Hoc networks are connected to the 
internet, as we will show below. Very little efforts, if any, have been put to solve the 
problem of providing QoS for Ad-Hoc networks interacting with infrastructure based 
networks. In [IM02], authors look into similar issues for the interaction between satellite 
based IP-networks and terrestrial access networks. In [MK03], the relation between a
MANET and a hosting access domain that provides QoS support based on IntServ or
DiffServ is analysed and a framework for inter-domain agreements is drafted. However, 
only a high level framework is presented while details are left for further study. 

When using FQMM in an integrated Ad-Hoc and infrastructure approach, the gateway
must map between the relative differentiation among classes in the Ad-Hoc networks
and the differentiation mechanisms in the infrastructure networks. However, FQMM 
[KNS05] does not comprise QoS admission control procedures and a node only has 
knowledge of network conditions in its vicinity and FQMM parameters do not reflect the
link bandwidth between a source and a destination. INSIGNIA could also be adapted to
interoperate with the QoS protocols and mechanisms deployed in the infrastructure side. 
However, being based on per-flow differentiation, this QoS model requires that each
intermediate MANET node keeps per-flow state and performs per-flow service
differentiation, which can be a major drawback concerning performance and states
[KNS05]. INSIGNIA uses a fast restoration mechanism to cope with topology changes 
and re-routing that is targeted to pure Ad-Hoc networks.

2 Extending SWAN for MANETs connected to the Public Internet 

Our approach is thus utilizing components from SWAN and in the rest of this paper we
detail how we extended SWAN to provide QoS for MANETs connected to the public 
internet. We denote our extensions as E-SWAN and assume that the access network and 
the MANETs are connected through an access router (AR) or gateway. The AR provides
basic connectivity by participating in IP-addressing and auto-configuration (as described 
above), mobility management and security, which is outside the scope of this paper. The 
main QoS related goals of the gateway are to assist in admission control during QoS
negotiation procedure, to translate between QoS signaling and QoS classes in the Ad-
Hoc and infrastructure networks and to participate in traffic regulation. 

The Ad-Hoc path between an Ad-Hoc node and the gateway is abstracted as a virtual 
link to the infrastructure side. Admission control is performed at the gateway with 
collaboration of the MANET nodes, as in the normal SWAN proposal. An Ad-Hoc node
wishing to establish a real-time session through the infrastructure network gathers
information about resource availability in the virtual link to the gateway using a probing 
process. To illustrate the approach, we consider a general application protocol for 
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multimedia session setup process, App_Sig, that requires 3 messages for a session setup: 
Initiation, Reply and ACK. These messages can be mapped into real protocols, such as
SIP (INVITE, 200 OK, ACK), where also bandwidth information and service class 
requirements might be included inside SDP/SDPng. If the sender node is located in the 
Ad-Hoc fringe, it sends an App_Sig Initiation message with an DSCP value
corresponding to the requested class of service piggybacked with a probing request 
message. This request contains the Requested Bandwidth (RB) for the flow, and a 
Bottleneck Bandwidth (BB) field that is updated every hop with the minimum available
bandwidth of the corresponding class in the path. After receiving this message, the
gateway (or AR) checks if the BB is larger than the RB for the given service class and if 
so, it checks for resources in the infrastructure network (e.g. by issuing an RSVP 
message or contacting a QoS Broker which is located in the Access Network using 
COPS [AOF05]), and forwards the Initiation message to the receiver (if request has been
authorized and granted. Simultaneously, it also replies to the probing request with a
Probing Response message with indication of the available bandwidth in the Ad-Hoc
path and the restrictions set forth by the QoS Broker for the Access Network. Otherwise,
an error message is sent to the sender. The correspondent node then replies with an 
App_Sig Reply message and, if the session parameters are allowed in the two terminals, 
the setup process ends with an App_Sig Ack message. 

When an arbirary Ad-Hoc node detects an overload condition in a class because the 
target bandwidth for the class was exceeded, it starts marking ECN bits and dropping 
packets according to specified ECN marking and dropping curves, similar to SWAN.
The gateway monitors the ECN bits, and upon its detection notifies the sources by 
sending Regulate messages. Priority schemes can be used when selecting which sessions 
to downgrade and to which terminals to send Regulate messages to. Such schemes can
be downloaded from the QoS Broker located in the Access Network, which has
information from the A4C server about user, terminal and service subscriptions 
[AOF05]. When a source receives a Regulate message it waits a random time period and 
re-starts probing. Marking and dropping curves have to be configured carefully so that 
the gateway still is able to receive packets ECN bits set if there is congestion. 

We implemented all necessary functions to provide QoS for MANETs connected to the 
internet in ns-2. While SWAN uses AODV for pure MANET routing, we used a 
modified version of the AODV to facilitate basic Ad-Hoc network connectivity to the 
internet, which includes gateway discovery mechanisms [HA03]. A drawback of the 
approach described above is that the gateway must check every packet it receives to 
detect the initiation message and thus the piggybacked probing request so that it can 
perform the admission control with the Access Network and generate the probing reply. 
This requires that the gateway manages its own network resources and performs cross-
layer coordination. We have decided to implement our model so that an extended SWAN
component is planted in the protocol stack of the gateway. In this case, the same purpose
of probing the Ad-Hoc network to obtain the bandwidth availability is achieved without 
any assistance from the application layer protocol. Since the MANET part is considered
to be the bottleneck, it is assumed in our current implementation that the wireline side of 
the gateway and the access network itself has sufficient bandwidth in all QoS classes.  
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Figure 1a: Goodput for multihop scenario Figure 2b: Average Delay for multihop scenario

3 Performance Evaluation

We have simulated our extensions in ns-2 using 20 mobile nodes, 1 gateway, 2 routers in
the Access Network and 1 correspondent node. Between the gateway and the CN, delay
and packet loss was negligible. Mobile nodes are randomly placed in an area of 1500m x
300m. We created three real-time flows at 40 Kbps CBR using a packet size of 512 
Bytes. We varied the number of concurrent TCP best-effort sources from 0 to 12. All
flows are destined to the same node in the Internet so all flows pass through the gateway. 
There was in average 2 to 6 hops between the sender-gateway pairs. We used a physical
channel bitrate of 2 mbps, and original SWAN parameters [AH02] have been set to 
Initial Rate of Rate Controller (100 kbps), Slow Start threshold (300 kbps), Increment
Segment (50 kbps), Decrement Rate (50), Gap Control (1.2), minimum rate of best effort
(100 kbps), Admission Control Rate (1000 kbps), Threshold Rate (1200 kbps). For the
TCP flows we set the window size to 100 packets and the initial window size to 16. We 
compare the performance of our E-SWAN with normal 802.11 MAC based on DCF. We
used the hybrid gateway discovery mechanism [HA03] for the AODV. 

Figure 1 shows the average goodput for the CBR and TCP flows under E-SWAN. We 
compare the performance of E-SWAN with standard 802.11 MAC layer DCF without
the SWAN components in the mobile nodes and gateway. There is almost no packet loss
for the real-time UDP flows under both E-SWAN and DCF and thus the combined 
goodput stays at around 120 kbps (three flows, 40 kbps per flow). The average goodput
of the TCP traffic in E-SWAN is approximately 25-30 percent less than for DCF. 
However, the average end-to-end delay for real-time flows can be controlled by E-
SWAN. For DCF, the average end-to-end delay for real-time flows increases from 
several msec to as high as 1.8 s (for four concurrent TCP flows). The peak in the delay at 
four TCP flows is due to the TCP congestion control. It is consistent with the peak in the 
goodput for that point. In contrast, the average delay of real-time CBR flows in E-
SWAN remains bounded below 60 ms (E-SWAN CBR in Fig. 2b) whereas the delay is 
always above 700 ms if we do not use the E-SWAN (depicted by the DCF CBR curve in
Fig. 2b). By adopting E-SWAN, a more than 90% reduction in the average delay of the 
real-time traffic is at a cost of 25-30 percent loss of TCP goodput. 
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4 Conclusions 

In this paper, we proposed extensions to SWAN to provide QoS for MANETs connected 
to the public internet. The Gateway or AR providing internet access for MANET nodes 
participates in the distributed admission control process, QoS mapping procedures and in
dynamic regulation, once overload is detected in the Ad-Hoc portion through the usage 
of ECN bits. We have shown how our mechanisms interwork with SIP-based call-setup
where bandwidth parameters specify QoS requirements of the session. We have 
implemented extensions to SWAN in ns-2 based on a variant of AODV that provides
basic internet connectivity. Our evaluations have showed that it is possible to control
delay for real-time flows below 100 ms, which is a reduction by more than 90% while 
accepting a degrade in goodput for TCP flows of around 25-30%. In our future work we
provide support for up to four traffic classes in the Ad-Hoc fringe using a set of cascaded
shapers and schedulers, a more in depth analysis of our proposal using different mobility 
and traffic models and a support of multiple gateways to provide load balancing. Also, 
we will implement the mechanisms and evaluate our approach in a real testbed. 
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