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Abstract Several proposals for routing schemes exist that are sup-
posed to find routes fulfilling certain QoS demands of ap-
Whereas routing protocols for mobile wireless ad hoc plications. In these, many assumptions have been adopted
networks are well advanced, the support of Quality-of- from wired networks. This article discusses the fundamen-
Service in such networks has only recently emerged as aal differences between wired networks and wireless ad hoc
major research topic. Several proposals combine routing networks which are important for QoS provisioning.
concepts with mechanisms for QoS support, at the same A fundamentally different aspect of Quality-of-Service
time making assumptions as have been made for the QoSupport in mobile wireless ad hoc networks is that the char-
support in wired networks. This paper examines the practi- acteristics of the routing should meet the demands of real-
cal applicability of approaches to QoS with respect to the time applications to the largest extent possible.
differences between wired and wireless ad hoc networks. One approach for improving the quality of communica-
Furthermore, a novel approach for service differentiation in tion sessions is to enhance the quality of the route selec-
wireless networks is proposed and early simulation results tion process.Associativity Based Routind\BR) [28] and
on the performance are presented. Signal Stability Adaptive Routin@®SA) [12] both try to es-
tablishstable routesi.e. routes that have a high probability
of being available for a long period of time. [14] provides
a detailed analysis of the implications of different mobility
models on the stability of links.
A somewhat complementary approach to provide more
Substantial progress has been achieved in solving theropust connections is taken Byeemptive RoutinfL5] and
routing challenge in mobile wireless ad hoc networks. The Routelifetime Assessment Based RoU®MBR) [2] which
Ad hoc On demand Distance Vectprotocol (AODV)  try to detect a link break before it actually happens in order
and theDynamic Source Routingrotocol (DSR) [23] are g issue a new route discovery before the old route breaks.
among the most prominent ad hoc routing protocols. These  another approach to achieve robust connections is multi-
protocols provide a basic routing functionality that is suf- hath routing, where several alternative paths are established
ficient for conventional applications such as file transfer or 4; gnce. Upon a link break, this approach has the advantage
e-mail download. However, ad hoc networks are also an in-5 have a fallback route at hand. Thel Hoc On-demand
teresting platform for more demanding applications such aspmultipath Distance Vectoprotocol (AOMDV) [22] and the

Voice over IP (VolP), which are very susceptible to larger gpit Multipath Routingprotocol (SMR) [19] represent this
delays, jitter, and packet losses. In order to support SUChapproach.

applications, it is not sufficient to provide a basic routing
functionality alone.

1. Introduction

However, the scope of this paper is on a separation of
QoS provisioning and the routing strategy in use. In present
This work was supported in part by the German Federal Min- approaCheS_’ the mOSF Important challe_nges of QoS support
istry of Education and Research (BMBF) as part of the IPonAir project ar€ to acquire .the available bandW'qth Inan aq hoc network
(http:/Awww.1PonAir.de/). and to maintain accurate values with dynamics of such a




network. In opposition to this, our concept uses relative stations to inform the communication endpoints in case of
service differentiation without the need of information on lacking resources.
available bandwidth. The central idea in all of these approaches is that the
The rest of this paper is structured as follows: The fol- links between stations have certain QoS related properties,
lowing section illustrates relevant bandwidth reservation is- in particular a known amount of available bandwidth, and
sues for both wireless and wired networks, showing the dif- that stations are able to give guarantees for traffic traversing
ficulty of determining the available bandwidth of wireless these links. Throughout the rest of this section, we take a
links in an ad hoc network. Section 3 highlights the advan- closer look at the characteristics of wired and wireless net-
tages of service differentiation for ad hoc QoS support and works to verify if these assumptions are actually met.
section 4 introduces our approach for a lightweight provi-
sion of relative Quality of Service between several service 2.2. Bandwidth Reservation in Wired Networks
classes. This section also presents early simulation results
on the performance without and with different possible vari- - Gyaranteeing a certain amount of bandwidth for a certain
ants of service differentiation. Finally, section 5 concludes fow or service class requires that the station providing that

the paper and gives an outlook on future work. guarantee is in control of that bandwidth. This is certainly
the case in a wired network with full-duplex point-to-point
2. Bandwidth Reservation in Wired and in links (e.g. a switched Ethernet).
Wireless Networks Itis also possible to agree on a determined share of band-

width in a shared wired medium. All stations within this do-

Quality-of-Service approaches in wired networks rely Main are able to communicate with each other directly and
on the possibility to make bandwidth reservations, e.g. In- whenever one station transmits data to another station, all
tegrated Services (IntServ) [9] provides guaranteed band-the other stations on the medium are aware of that. Thus,
width for flows while Differentiated Services (DiffServ) [7] & wired network with a shared medium is a well defined,
provides hard guarantees for service classes. closed collision domain. If all the stations on the shared

Applying these concepts to wireless ad hoc networks medium collaborate, it is possible to elect a station that cen-
is d|ff|cu|t’ because many assumptions in wired QOS ap- tl’a||y manages the available bandwidth within their domain.
proaches do not hold in wireless networks. This section [31] introduces th&ubnet Bandwidth Manag€sBM) con-
takes a closer look at those assumptions and discusses furf€Pt for that purpose.

damental differences between wired networks and wireless ~ Since & wired network is comprised of well-defined sub-
ad hoc networks which affect QoS provisioning. networks, bandwidth guarantees for flows or service classes

can be met by enforcing them in every involved subnetwork.

2.1. Existing Approaches for Wireless Networks
2.3. Bandwidth Reservation in Wireless Networks
Inspired by common techniques for Quality-of-Service
provisioning found in the wired Internet, several researchers  The situation is completely different for wireless ad hoc
have proposed a bandwidth reservation scheme for wirelessietworks consisting of devices with a single network inter-
ad hoc networks. These approaches basically split into twoface. Networks consisting of devices with multiple network
groups, those that demand a tight integration of QoS pro-interfaces (such that each interface handles one link exclu-
visioning into the routing protocol and those that try to be sively) could possibly overcome the drawbacks we discuss
independent of the underlying routing protocol. T@ere- in the following, but also, new challenges would have to
Extraction Distributed Ad hoc Routingrotocol (CEDAR) be solved. Discussing such ad hoc networks is beyond the
[27], the MMWN (Multimedia support for Mobile Wireless scope of this article, since ad hoc networks in the near fu-
Networks [24] protocol, and ticket based probing [10] are ture will most certainly consist of devices with a single net-
examples for the first category while INSIGNIAn(band work interface (or perhaps a few interfaces for different ra-
Signalling for QoS in Ad-Hoc mobile netwojkid8] be- dio technologies).
longs to the latter. Wireless ad hoc networks can be based on two different
The idea of CEDAR, MMWN, and ticket based prob- MAC technologies. With asingle-channebprotocol (e.g.
ing is to distribute link state information (whichin MMWN  IEEE 802.11 [16]), all stations communicate on the same
may be an abstraction over links inside of station clusters) tochannel and therefore potentially interfere with each other.
enable other stations to find routes fulfilling certain QoS cri- With amulti-channeprotocol in contrast (e.g. Bluetooth [8]
teria, e.g. a minimum bandwidth. In contrast, INSIGNIA is or CDMA [25]), stations can communicate on several chan-
a signalling protocol that piggybacks resource reservationsnels (“piconets” in Bluetooth terminology) simultaneously.
onto data packets, which can be modified by intermediate Note that this theoretical assumption holds in our definition



of multi-channel networks despite the inter-piconet interfer-

ence in Bluetooth. A station can only be active in a single
channel at any given point in time. °
For a multi-channel MAC, any two devices that are
within each others transmission range could form a closed e e

collision domain. Transmissions from different domains are
separated from each other by assigning a different channel
to each of them. The fundamental difference to wired net- Q e G
works is that a station does not have a separate interface
for each subnetwork it participates in. This means that the
devices have to switch channels regularly, leading to the ab-
sence of a well-defined, fixed subnetwork structure.

In the single-channel case, the attempt to identify colli-
sion domains fails altogether. These domains would span

entire connected components of the ad hoc network, since
any two neighbours belong to the same collision domain.

HE\.NEVder’ .'t dependst e>;_a<|:ﬂyt 0? the sender-receiver palrnicate, but each device cannot participate in more than one
which devices are potential Interierers. transmission. A first flow requesting one third of the avail-

BOth of the disqussed cases have _in comm.on.that 4able link bandwidth originates @ and is routed through
bandwidth reservation mechanism requiresaamsmission C andE to F. This is accomplished by a schedule with

scheduladefining time slots which take their turns period- three time slots of equal length, with transmisshoss C in

ically. For each slot, its duration and a set of possible si- the first time slot, transmissio® — E in the second time
multaneous transmissions must be defined. This need for &,,: 2nd transmissioE — F in the third. Note that sta-

transm|s§|or; schedull(e 1S t:e funglamer}t?I I(;Imltat|on |n.cor:- tionsC andE must reserve twice the requested bandwidth,
trast to wired networks. The problem of finding an optimal )o:55e they must handle both reception and forwarding of

schedule is even NP-complete [32]. o the data. Now a second flow requesting the same bandwidth
Several proposals have been made for distributed Blue'originates aD and is routed througB to A. Assume that

tooth scatternet scheduling [4], but this task is very diffi- 1 transmissio® — B is scheduled in the second time slot
cult and none of these approaches is able to make guarany the transmissidB— Ain the third. This results in a sit-
tees. The requirement that devices need to be synchroniseq5tion where botlg andC still have one third of their band-
is particularly difficult to realise practically, because device ;4 available, yet they are unable to communicate with
clocks generally drift against each other considerably. each other without rescheduling other transmissions. While
For single-channel MAC protocols, the scheduling com- i, this simple example, it suffices e.g. to reschedule the
ponent is not as critical, because stations do not have to deyansmissiore — A from the third to the first slot, one can
cide when to listen on which channel. MACA/PRIGl- g5sily construct more complex examples with extensive de-
tiple Access Collision Avoidance with Piggyback Reserva- pendencies that would require rescheduling transmissions
tions) [21] is an IEEE 802.11-like MAC layer that includes  oyer much greater distances. In general, rescheduling is a
amechanism to reserve the channel for certain periodic tiMecomplex task and might have unforeseeable consequences

windows. Scheduling is provided implicitly by the need \hen performed distributedly. Note that a valid schedule
to reserve non-overlapping time spans for transmissions ofight not even exist.

neighbouring stations. In [32], a QoS routing protocol is Now, assume a single-channel MAC layer similar to

introduced that creates such a schedule, but again, this rézgg g2 11, Transmissions are further constrained by the
quires a global synchronisation of the stations. requirement that a receiver cannot be the neighbour of a dif-
ferent transmission’s sender. This makes things even more
2.4. An Example complicated. Say the schedule of the first flow is the same
as in the previous example. In this situation, the requested
To illustrate difficulties in making bandwidth reserva- bandwidth is already the maximum bandwidth available on
tions in wireless ad hoc networks with both single- and this route, because transmissién- F preventsC from re-
multi-channel MAC layers, observe the example topology ceiving another transmission.
in figure 1. Neighbours in this topology are able to commu-  Now suppose again that a second flow fr@mo A re-
nicate with each other directly, and we make the idealised quests a third of the link bandwidth. Transmissidn- B
assumption that transmissions can interfere only at neigh-can only be scheduled in the third slot. However, the trans-
bouring nodes. missionB — A cannot take place in any of the time slots:

Figure 1. Example scenario

First, we assume a multi-channel MAC layer. With such
a MAC layer, any two neighbouring devices can commu-



The first flow consumes not only the entire bandwidth on face is used to communicate on several links. As a conse-
its own path, but also on links that are not even involved in quence, IntServ [9] based approaches are not applicable in
this flow. The serious performance degradation of multihop wireless ad hoc networks.
communication with IEEE 802.11 is analysed in [20]. As an alternative to IntServ, the DiffServ approach [7]
Note that we have yet made idealised assumptions: In re-has been developed for the wired Internet world for scal-
ality, the transmissiot — F might corrupt a simultaneous  ability reasons. In this approach, flows are classified into
transmissiorD — B even thoughE cannot directly com-  several service classes whose packets are treated differently
municate withB. This can happen because the strength of at the routing nodes. As opposed to the wired Internet, it is
E’s signal atB is too weak for a successful decoding, but not possible to provide a hard separation of different service
strong enough to jar@’s signal. This possible interference classes in ad hoc networks for the reasons outlined in sec-
beyond the transmission range results in a further reductiontion 2, but relative prioritisation is possible in such a way
of capacity. that traffic of a certain class is given a higher or lower pri-
The discussion shows that the bandwidth available on aority than traffic of other service classes.
certain link depends on many factors. An intermediate node In third generation wireless telecommunication systems,
reserving bandwidth for some flow must take into account a distinction of four traffic classes with different character-
at least the reception of this flow’s packets, and in case ofistics and demands has proven to suit a wide range of re-
a single-channel MAC also transmissions elsewhere on thisquirements [1]:
route, including at least the transmission on the next hop.
The available bandwidth on a certain link does not only ~ ® The conversational class intended for traffic with a
depend on this link’s own activity, but also on the activ- stringent and low delay demand, e.g. voice- or video-
ity of other links in its vicinity. The two neighbouring sta- telephony, or video games.
tions must have this bandwidth available at common time
spans, or they must initiate some far-reaching rescheduling
of transmissions. Therefore, if stations wanted to learn the
amount of bandwidth available on their links, some kind
of scheduling scheme would explicitely have to be imple- o The interactive classs intended for traffic that only
mented. In single-channel networks, it is a further open has a soft delay constraint, e.g. web browsing or net-
guestion how a station would learn about other stations that work games.
are not within transmission range, but that can potentially

e Thestreaming classs intended for traffic without de-
mand on the delay itself, but on the delay variation,
e.g. multimedia streaming.

interfere with packet receptions. e Thebackground classs intended for traffic that does
Up to now, we have considered static scenarios. Be re- ~ Nothave any time constraints, e.g. a background file or
minded that in a dynamic environment, a new scheduling e-mail download.

scheme has to be found for every single topology change, . . .
where previous reservations become unsustainable, and the . The conversational and the' streaming cl'ass are provided
available bandwidth will be altered on links that are not even with hard delay as well as minimum bano_IW|dth guarantees.
in proximity of the topology change. FL_thhem_}ore, t_he pacl_<et_s of the interactive class are trans-
We can conclude that the available bandwidth of links Mitted With a higher priority than packets of the background
in wireless ad hoc networks is very difficult to determine. class. Thus, these service classes split into two categories,

The previous work on QoS provisioning in wireless ad hoc oneAprowdlng hl:;\rd guharadntees an? the othe'r only ?Oﬁl'.
networks introduced above does not address this problem, S argued above, hard guarantees are impractical in

because it implicitly assumes a link concept as in wired net- ywreles_s ad hoc netvvo_rk_s_. Thus, a d|ffere_n_t cla55|f|cat|_on
is required. One possibility would be to divide the traffic

works. . g . " S .
into delay sensitive and insensitive applications, in other
] . o wordsrealtimetraffic andbulk traffic. Certainly, the con-
3. Service Differentiation versational class would belong to the realtime class and the
background class would belong to the bulk traffic class.
Apart from the general difficulties outlined in section 2, Realtime traffic should be given priority in case of net-

there is no chance to integrate classical QoS (based on bandwork congestion. On the other hand, if a realtime packet
width reservations) in wireless ad hoc networks which are suffers large delays, it may be dropped already by an inter-
to be deployed with off-the-shelf hardware in the near fu- mediate node in order to save resources.

ture. And in the face of the complications elaborated above, A third traffic class corresponding to the interactive class
it can be seriously doubted that it will ever be worthwhile is imaginable. This could be implemented by giving its
to implement bandwidth reservation mechanisms in mobile packets a higher priority than bulk packets without drop-
wireless ad hoc networks as long as a single network inter-ping them in case they are delayed in intermediate stations.



This way, the soft delay constraint is supported by the pri- Realtime traffic 1 Bulk traffic

oritisation over the bulk packets.
Some work already exists that is based on service dif- } L |‘1 J

ferentiation rather than resource reservations, e.g. SWAN
(Stateless Wireless Ad hoc Netwgid} and FQMM (Flex-
ible QoS Model for Mobile Ad hoc Netwo)K29].
SWAN is a stateless protocol that applies a distributed (a) FIFO  (b) Priority (c) Per Class
rate-control algorithm in conjunction with a source-based
admission control scheme to prioritise realtime traffic. It is
independent of the routing protocol and does not rely on the ~ Figure 3. Effect of different queueing strate-
MAC layer to support Quality-of-Service. In SWAN, real- gies on the delay of realtime packets
time traffic is admitted a certain maximal amount of band-
width. Forwarding nodes try to regulate best-effort traffic
such t_hat_toget_herwnh Fhe admltted_realtlme_trgfnc, th_e ink the devices to operate in promiscuous mode, it is applica-
capacity is optimally utilised. Real_tw_ne traff|c_|s admltte_d ble together with any routing protocol, be it single-path or
based on probes that record the minimum re_S|dL_JaI realtlmemulti-path, and finally, it is not even required that every sta-
bandwidth glong the dlsc_overed Stourc?'deS“T‘aF'O” path. tion implements this approach, although with a rising num-
FQMM aims at a flexible service differentiation by al- ber of unaware stations, the impact declines.
lowing an arbitrary number of service classes. A class is Furthermore, DLite implements a philosophy that is
explicitely allqwed to CODS'St of only a smgle_ flow. The quite different from that of previous approaches in that
authors describe FQMM in close relation to DiffServ. The no effort is made to conserve the conditions for estab-
QO.S policies are individua!ly defined at each source station,Iished connections. Rather, adaptive applications may re-
which plgys the role of an ingress node for its own pacl_<ets: act to quality degradations by increasing their compression
It classifies and meters them, and marks them accordlngly.rate, and unimportant connections will be terminated with a

The source and intermediate stati(_)n_s perform traffic Shap'higher probability than important ones. This is detailed in
ing according to those marks; a priority buffer scheme and section 4.2

a priority scheduling scheme are suggested for that purpose
by the same authors in [30].

The next section will take a deeper look on the traffic
shaping and policing strategies of these two protocols and
compare them with an alternative approach.

4.1. Priority Queueing

An important factor in service differentiation is the
gueueing strategy. Several approaches have been proposed
. . . ) in the literature.

4. A Lightweight Approach to Service Differ- In [30], two prioritisation schemes for FQMM are pro-
entiation in Wireless Networks (DLite) posed. Firstly, a simple priority queue ensures that high-
priority packets are given unconditional preference over

This section introduces a lightweight approach to service low-priority packets. Secondly, they consider a FIFO queue
differentiation DLite), discusses the capabilities and limi- which they enhance with a RIO buffer management (Ran-
tations of several design alternatives (sec. 4.1, sec. 4.2), andiom Early Discard with IN/OUT).
provides early simulation results (sec. 4.4). SWAN also conceptually utilises a priority queue, but

The basic idea is to have a predefined set of servicelimits the amount of realtime traffic in order to protect the
classes which are defined by their relative bandwidth frac- lower-priority traffic from starvation.
tion and delay bounds. No absolute bandwidth guarantees In our approach, we implement a separate queue for each
are provided due to the reasons outlined in section 2. traffic class. The queues are scheduled according to a to-

The DLite algorithm is summarised in figure 2. Traf- ken bucket scheme as described later in this section. Buffer
fic flows are classified into service classes each of which isspace which is not occupied by a service class may be as-
buffered in a separate queue. Prioritisation is achieved withsigned to other classes. However, this additional buffer
a token balancing scheme similar to existing fair queueing space must be released, if new packets of the original class
strategies, as described in section 4.1. To save bandwidtharrive.
late packets of service classes with delay constraints are al- All of these three queueing approaches have different
ready dropped in intermediate routers (see section 4.3).  advantages and disadvantages related to the scheduling of

A main advantage of this algorithm is its simplicity: It high-priority traffic.
is easy to implement, the computational overhead is small. With a FIFO queue it might occur that a high-priority
and it is universally applicable, because there is no need forpacket is scheduled after a burst of low-priority traffic even
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Figure 2. Overview of the DLite algorithm

Realtime traffic 1 Bulk traffic receive a minimum share of bandwidth in any case due to
an interleaving of low-priority and high-priority packets.

We now describe how packets are scheduled in our ap-
proach. Each traffic class has a balance of tokens, and the
higher the balance of a class is, the higher is also its pri-
ority when it comes to dequeue the next packet for trans-
mission. For each transmission of a packet of ciasmn

(a) FIFO (b) Priority (c) Per Class amount ofcyj = w; - (f +b) tokens is subtracted from the
classes token balance and an equal fraction thereof is added
to every other classes balance such that the sum of all to-

Figure 4. Effect of different queueing strate- kens is always zero. In this formula, the weight values

gies on the bandwidth share of bulk traffic control the fraction of the bandwidth assigned to the dif-

ferent classes, anfl is a constant value that accounts for

the MAC overhead which is considerable e.g. in the case of

IEEE 802.11. Note that a higher weight value corresponds
if it is the only high-priority packet currently in the queue, o a lower bandwidth fraction, since this weight is multi-
regardless of whether a drop-tail queue or a more sophisti-pjied to the cost. Of course, it should be taken care that the
cated approach like RIO is used for traffic shaping. Thus, pajance of a traffic class stays within a certain interval. The
a high-priority packet may suffer large delays due to an al- sjze of this interval together with the values determines
ready filled up buffer, regardless of the class priority. This the maximal length of a burst of traffic from one class.
is illustrated in figure 3. Actually, the described method is rather a fair queueing

With a priority queue, this is obviously prevented. A than a prioritisation approach, but in this context, it has a
high-priority packet is scheduled before any lower-priotity very favourable characteristic: If the amount of traffic of
packets. Thus, its delay depends solely on the amount ofy certain class is low enough in contrast to that of other
high-priority packets currently in the queue and the medium c|asses, then its packets are always prioritised. This means
contention in the node’s neighbourhood. that as long as the amount of delay-sensitive traffic does not

The same holds if per-class queues are used, as long agrow too large, it is forwarded as quickly as possible, and if
the amount of high-priority traffic remains below its desig- it does grow too large, starvation of other traffic classes is
nated share, since the high-priority packets are queued intqorevented. Setting the upper bound of a classes token bal-

their own queue, separate from the bulk packets. ance depending on its delay-sensitivity is a further way to
On the other hand, a priority queue might result in a star- tune the described method.
vation of low-priority traffic which is illustrated in figure A possible alternative might be Weighted Fair Queue-

4. When the amount of high-priority traffic is exception- ing [11] using a sufficiently larg®, but a requirement of
ally high, low-priority traffic might not be transmitted at all  this algorithm is that the effective data rate is known, which
or at a very low rate, because all the high-priority traffic is we have previously shown to be very difficult. The token
scheduled ahead of any low-priority traffic. Both SWAN balance scheme described is somewhat similar to Deficit
and FQMM solve this problem by admitting only a prede- Round Robin [26], which might be used to achieve a similar
fined amount of high-priority traffic to be injected into the prioritisation effect by a slight modification (not resetting a
network. (Be reminded that FQMM differentiates in-profile classes deficit counter upon emptying its queue), but this
and out-of-profile traffic.) also requires clever choice of the absolute quantum sizes,
With FIFO and per-class queues, low-priority traffic will whereas only the relation of the weights is important with



the token balance scheme. Here, the prioritisation of low- tive sessions will result from users that terminate their high-

volume traffic is simply more straightforward. priority connections because they are not willing to bother
with the bad transmission quality. Furthermore, it is likely
4.2. Dealing with Congestion that multimedia applications change their coding scheme to

a higher compression when they experience many late or
lost packets.

FQMM tries to limit network congestion by policing the ) . . .
This can be seen from a fairness aspect especially if one

traffic at the traffic sources. The sources are the equiva- ) . X ; .
lent of ingress routers in DiffServ networks. To regulate 2SSUMes that in this way, unimportant connections will be
the traffic, a source node implements a token bucket whicht€minated before the important ones. _ _
determines whether a packet is in-profile or out-out-profile. ~ Both approaches, protecting existing sessions or admit-
The source stations have to take great care in regulating'nd €very session request, have their advantages and disad-
their traffic. If the rate of in-profile packets is not chosen vantages and which one fits to the requirements better de-

properly in areas with little activity, it might accumulate and P€nds on the specific scenario.

cause congestion in bottleneck areas. In contrast to classical

DiffServ, FQMM actually lacks service level agreements. 4.3. Dealing with Excessive Delays

For the token bucket metering suggested by the FQMM au-

thors, it remains an open question how to calculate the dy-  certain applications have stringent delay bounds for

namic parametel; that expresses the share of the effective iheir traffic. This means that packets arriving too late are
link bandwidth at timet; we have already shown how the seless. From the application’s point of view, there is no

bandwidth available for a certain stream depends on the nety;fference between late and lost packets.
work topology and on other traffic streams in a much more ;¢ implies that it is actually useless to forward real-

complex way than in wired networks. A single topology (ime packets that stay in a router for more than a threshold
change can alter the available bandwidth significantly. amount of time, because they will be discarded at the des-

~ SWAN uses a strict admission control scheme for real- ination anyway. Dropping those packets instead has the
time packets. Bulk-traffic is unconditionally admitted, but advantage of reducing the load in the network.

only receives the remaining resources. Realtime traffic is It would also be possible to accumulate the delay a

admitte.d by the source node depending on the OUtcomepacket has experienced in each router by adding this infor-
of probing the network for resources. If the probe packet mation in the packet header, but this would make the ap-

passe; a link on Wr:"Chhthlz tohtal am‘?“”t Qlfl realé'medtr"’}ﬁ'cdproach more complicated. Nevertheless, it could be verified
exceeds a certain threshold, the session will not be admitte in future work if this is worth the effort. For now, only the

This way, itis prevented that the realtime traffic crowds out |, in each intermediate station is considered separately.
the bulk traffic. Furthermore, it prevents that realtime traffic This is another component of our service differentiation
suffers too large delays.
; _ approach.

This approach has the advantage that realtime flows have
decent chances of having a good quality once they are ad- L . .
mitted. However, the admission control scheme might re- 4-4. Preliminary Simulation Results
ject flows although the remaining capacities would have
sufficed. Thus, existing sessions are given priority over new  The previously introduced service differentiation scheme
sessions in order to protect them against a quality degradahas been implemented in the ns-2 simulator [13] as part of
tion caused by network congestion. a new implementation of the AODV routing protocol con-

A different notion is to give every user the same chancesforming to Internet Draft version 12. This section presents
to establish a high-priority connection, regardless of who early results of our evaluation of the DLite algorithm.
was first to start his session, i.e. to admit every session re- The traffic consisted of realtime and bulk packets. Real-
quest. Again, care must be taken to not crowd out lower- time traffic was modelled as VoIP phone calls by bidirec-
priority traffic. As a consequence, high-priority traffic tional CBR sessions with a data rate of 9.6 Kbit/s. The
should not be given unconditional priority over low-priority inter-arrival time of calls was exponentially distributed with
traffic. This is taken care of in our per-class queueing a mean of 7.5 seconds (high amount of realtime traffic) or
scheme described in the previous section. 10 seconds (low amount of realtime traffic). The length of

Since our approach does not restrict the high-priority a call was modelled according to a lognormal distribution
traffic, it results in a quality degradation of high-priority with p= 3.287 ando = 0.891, resulting in an average call
flows as their volume increases. In effeall, and not just  length of about 40 seconds. This distribution was found to
single users suffer from an excess of high-priority traffic. model observed channel holding times in a cellular network
It is however likely that a regulation of the number of ac- well [5].



Bulk traffic was modelled as the transmission of a ran- 40 . . , ,
dom amount of data with TCP NewReno, uniformly dis-
tributed between 100,000 and 5,000,000 bytes. The time
between the initiation of data transfers was exponentially
distributed with a mean of 25 seconds (high amount of bulk
traffic) or 30 seconds (low amount of bulk traffic).

For both traffic types, sources and destinations were cho-
sen uniformly distributed from all nodes.

The mobility scenario consisted of 200 stations moving
on a 1000x 1000 n? area according to the Random Way-
point model [6] with a speed uniformly distributed between
0.5 and 1.5 m/s and a pause time uniformly distributed be-
tween 0 and 300 seconds. The stations had a common trans- ¢

w
o
T

N
u
T

TCP throughput [Kbytes/s]
= N
(6] o

=
o
T

(53]
T

mission range of 200 metres. IEEE 802.11b was simulated no diff simple dif. - discard old —low bulk priority
as the MAC layer. . . .
The service differentiation strategies simulated were: Figure 6. Bulk throughput with a high amount

of realtime and bulk traffic
e No service differentiation.

o Differentiation of realtime and bulk traffic, with

Wrealtime = Woulk = 1. throughput. One cause for this might be that the presented

service differentiation approach cannot completely separate
o Differentiation of realtime and bulk traffic, with the traffic classes due to the following reason. The approach
Wrealiime= Wpulk = 1 and discarding of realtime packets is capable of providing service differentiation within a sin-
gueued for more than 0.1 seconds. gle station. However, it fails to provide it across neighbour-
ing stations sharing the same medium and thereby the ef-
fective bandwidth. Suppose, a high amount of bulk data
and a low amount of realtime data are all routed through the
same station. After this station receives a realtime packet,
. . . . this packet will be prioritised, and the other bulk packets are
In all simulations, routing protocol packets were given delayed. But the bulk packets routed through neighbouring
unconditional priority before other packets. 2 .
stations are not delayed, and the realtime packet has to con-

As previously noted, a delay of over 150 ms in a voice . : .
transmission is felt as disturbing by most users, and a delaytend for the medium access with several bulk packets. This

above 250 ms is felt as unbearable [17]. Due to the un- may algo be th? reason for the significantly smalle_r loss rate

- . of realtime traffic with a lower amount of bulk traffic.
favourable characteristics of wireless ad hoc networks, only This shows that merelv scheduling packet transmissions
realtime packets exceeding this maximum delay of 250 ms y gp

(including packetisation) are considered to have arrived tooW'th.In a station has only a limited power, though 't. doe;
late and thus are dropped achieve much better results than without any service dif-

The fractions of lost (or late) realtime packets are plot- ferentiation. To achieve even better results, transmission

ted in figure 5(a) for a higher amount of realtime traffic (IAT §chedul|ng betwegn nelghbogrmg stations would have to be
7.5s) and in figure 5(b) for a lower amount (IAT 10s). We implemented. This problem is addressed by the rate con-

see that with a higher amount of bulk traffic, the differen- trolloer: ?ﬁ?gﬁg?ﬂ;l:dsz\\l/p\e'r\l. approach to service differentia-
tiation schemes have a great impact on these results. Th? L » Every . app . ,

. ; L ion is limited by the mobility of nodes in a wireless ad hoc
simple differentiation alone already greatly reduces the loss

of realtime packets. We even observe that it also increasesnetwork' Route failures caused by the mobility account for

the bulk traffic’s overall throughput (figure 6). Discarding a minimal number of packet losses which cannot be reduced
realtime packets that are delayed by more than 100 ms inby any of these approaches.

an intermediate station’s queue additionally saves resources )

that benefit other packets, further reducing the overall loss® Conclusions & Further Work

of realtime packets.

An interesting observation is that assigning a higher In this paper, we have taken a practical view on the
weight (and thereby a lower bandwidth fraction) to bulk Quality-of-Service capabilities of wireless ad hoc network-
traffic does not have the desired effect to reduce the lossing technologies. We have outlined that it is a very complex
ratio of realtime packets at the expense of the bulk traffic’'s task to reserve or even measure available bandwidth in wire-

e Differentiation of realtime and bulk traffic, with
Wrealtime = 1, Wpuik = 10 and discarding of realtime
packets queued for more than 0.1 seconds.
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