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Abstract— In this paper, we assess the state of the art of Quality
of Services (QoS) support in wireless sensor networks (WSNSs). Applications / Users
Unlike traditional end-to-end multimedia applications, many

non-end-to-end mission-critical applications envisioned for WSNs
have brought forward new QoS requirements on the network.
Further, unique characteristics of WSNs, such as extremely

resource-constrained sensors, large-scale random deployment,
and novel data-centric communication protocols, pose unprece-
dented challenges in the area of QoS support in WSNs. Thus,

we first review the techniques for QoS support in traditional
networks, analyze new QoS requirements in WSNs from a
wide variety of applications classified by data delivery models,
and propose some non-end-to-end collective QoS parameters.
Next, the challenges of QoS support in this new paradigm are

presented. Finally, we comment on current research efforts and gpplication communities, QoS generally refers to the quality
identify many exciting open issues in order to stimulate more as perceived by the user/application while in the networking
research interest in this largely unexplored area. . . .
community, QoS is accepted as a measure of the service
Keywords—Wireless networks, wireless sensor networks, Q0S, quality that the network offers to the applications/users. For
collective QoS instance, RFC 2386 [5] characterizes QoS as a set of service
requirements to be met when transporting a packet stream from
I. INTRODUCTION the source to its destination. In this scenario, QoS refers to
In recent years, the rapid development in miniaturizatio@n assurance by the Internet to provide a set of measurable
low power wireless communication, microsensor, and micrgervice attributes to the end-to-end users/applications in terms
processor hardware; small-scale energy supplies in conjuncti@ndelay, jitter, available bandwidth, and packet loss. These
with the significant progress in distributed signal processinyyo QoS perspectives can be demonstrated via a simple model
ad hoc networks protocols, and pervasive computing hald shown in Fig. 1. In this model, the application/users are
made wireless sensor networks (WSNs) a new technologiégit concerned with how the network manages its resources
vision [1][2][3]. As the Internet has revolutionized our life viato provide the QoS support. They are only concerned with
the exchange of diverse forms of information readily amorije services that networks provide which directly impact the
a large number of users, WSNs may, in the near future, geality of the application. From the network perspective,
equally significant by providing information regarding théhe network’s goal is to provide the QoS services while
physical phenomena of interest and ultimately being abfeaximizing network resource utilization. To achieve this goal,
to detect and control them or enable us to construct mde network is required to analyze the application requirements
accurate models of the physical world. Potential applicatioagd deploy various network QoS mechanisms.
of WSNs include environmental monitoring, industrial control, QoS requirements in traditional data networks mainly result
battlefield surveillance and reconnaissance, home automaticm the rising popularity of end-to-end bandwidth-hungry
and security, health monitoring, and asset tracking. multimedia applications. Different multimedia applications
While a lot of research has been done on some importdr@ve different QoS requirements expressed in terms of end-
aspects of WSNs such as architecture and protocol desirend QoS parameters. The network is thereby required to
energy conservation, and locationing, supporting Quality pfovide better services than original best effort service, such
Service (QoS) in WSNs is still a largely unexplored resear@s guaranteed services (hard QoS) and differentiated services
field. This is mainly because WSNs are very different frorfsoft QoS), for end-to-end users/applications. The researchers
traditional networks. Thus far, it is not entirely clear how tin the literature have pursued end-to-end QoS support using
properly describe the services of WSNs, much less to develapgarge number of mechanisms and algorithms in different
approaches for QoS support. protocol layers while maximizing bandwidth utilization. At
It is well known [4] that QoS is an overused term with varthe same time, different types of networks may impose specific
ious meanings and perspectives. Different technical commuaoenstraints on the QoS support due to their particular charac-
ties may perceive and interpret QoS in different ways. In theristics. For example, the bandwidth constraint and dynamic
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Fig. 1. A simple QoS model



topology of mobile ad hoc networks make the QoS suppattiring the last wireless hop. Thus, it is intuitive for us to
in such networks much more challenging than in othermtegrate the QoS architecture deployed in wired networks
However, QoS requirements generated by the applicationswiath wireless MAC protocols. Wireless MAC protocols may
WSNs may be very different and traditional end-to-end Qqg®ovide data traffic of differentiated classes with corresponding
parameters may not be sufficient to describe them. As a resaltcess priorities over the shared wireless medium so that the
some new QoS parameters are desired for the measuremermvefall QoS can be supported.
the delivery of the sensor data in an efficient and effective way.Wireless ad hoc networks can be regarded as an autonomous
Further, by measuring these parameters, network designerssytstem or a multi-hop wireless extension to the Internet. As an
also able to investigate which QoS architecture or mechanismtonomous system, it has individual routing protocols, while
can be exploited to provide QoS support for the applicationss a multi-hop wireless extension to the Internet, it is required
The remainder of this paper is organized as follows. lto provide a seamless access to the Internet. Unfortunately,
SectionII, we discuss the QoS support in traditional dat®oS mechanisms used to support QoS in wired data networks
networks while SectiollIl analyzes the QoS requirementgannot be directly applied to ad hoc networks because of the
from the envisioned applications of WSNs. We present thmndwidth constraint and dynamic network topology [15]. In
challenges for QoS support in WSNs in Sectibn, and a this context, we are required to implement complex QoS func-
brief review of current research efforts is described in Sectidionality with limited available resources in a highly dynamic
V. SectionVI outlines some open issues and we end our pagvironment. In the literature, QoS Support in ad hoc networks
with a summary in SectioWII. includes QoS model, QoS resource reservation signaling, QoS
routing, and QoS Medium Access Control (MAC). A QoS
model specifies an architecture and impacts the functionality
of other QoS components. For instance, if the network is only
Supporting QoS in wired networks can generally be obequired to provide differentiated services, signaling for every
tained via the over-provisioning of resources and/or traffffow state is unnecessary. QoS signaling, the functionality of
engineering [16][17]. With the method of over-provisioningwhich is determined by the QoS model, acts as a control
we add abundant resources in the network so that it caenter in the QoS support system. It coordinates the behavior
provide satisfactory services to bandwidth-hungry multimedaf QoS routing, QoS MAC, and other components. The QoS
applications. This method is easy to realize but all the usetsuting process searches for a path with enough resources
are served at the same service class. Therefore, the seryige does not reserve resources, which enhances the chance
may become unpredictable during peak traffic. In the methageat resources can be assured when QoS signaling needs to
based on traffic engineering, we classify our users/applicatiosserve resources. Without QoS routing, QoS signaling can
in service classes and assign each class a different prioréll work but the process of resource reservation may fail. All
In the literature, two approaches based on traffic engineeripgper-layer QoS components are dependent on and coordinate
are exploited to achieve QoS, i. e. , reservation-based amith the underlying QoS MAC protocol. A review of these
reservation-less approaches. In the reservation-based approg@gniques in detail is available in [15][16][18].
network resources are assigned according to an application'8ased on the above discussion, we can draw the following
QoS request and subject to bandwidth management poliggnclusion about QoS support in traditional data networks.
This is employed in Asynchronous Transfer Mode (ATM) antthey have common QoS requirements, which come from
is also the approach of the InterServ model in the Interngfandwidth-hungry multimedia applications. The same end-
In the reservation-less approach, no reservation is requirestend QoS parameters are exploited to evaluate the QoS
QoS is achieved via some strategies such as admission conff@chanisms in these networks. The research models, such
policy managers, traffic classes, and queuing mechanismas. Interserv, Diffserv or mixed models, do not experience
Admission control strategy decides if a node can access #ech change. However, the specific techniques to realize
network and guarantees that once the node obtains the @S support are diverse because of the unique properties
mission, it will be served with the QoS it is requesting. Policgf underlying networks. Generally, QoS support is becoming
managers ensure that no node will violate the type of serviog®re and more challenging due to our increasing desire for
it is pre-assigned. Traffic classes differentiate the priority @fie connectivity to exchange information of the best quality
data packets and they thereby achieve a particular per-hgpany time, at any location, and by any manner.
behavior at each intermediate node. Queuing mechanisms are
responsible for dropping the packets with lower priority in
the case of congestion. This approach is well known as the
approach of the DiffServ model in the Internet. Wireless sensor network is a new member of wireless
Infrastructure-based wireless networks, such as Wireless ldata networks family with some specific characteristics and
cal Area Networks (WLANSs) and Broadband Wireless Accessquirements. A generic wireless sensor network is composed
Networks (BWANS), are the extension of wired networks, sof a large number of sensor nodes scattered in a terrain of
that the connections can be extended to mobile users. hterest. Each of them has the capability of collecting data
mobile hosts in a communication cell can reach a base statalvout an ambient condition, i. e. , temperature, pressure,
in one hop. QoS challenges in this context mainly arise frohumidity, noise, lighting condition etc. , and sending data
the scarce bandwidth and the complexity of user mobiligports to a sink node. Since there exist many envisioned
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1. QOS REQUIREMENTS INWSNSs



applications in WSNs and their QoS requirements may be verys End-to-end: The application may require end-to-end or
different, it is impossible for us to analyze them individually. ~ non-end-to-end performance
Also, it is unlikely that there will be a “one-size-fits-all” QoS « Interactivity: The application may be interactive or non-
support solution for each application. interactive

However, since our focus here lies in QoS requirements. Characteristics: The application may or may not be delay
imposed by the applications on the network, we can initially  tolerant
separate QO0S requirements using other perspectives from the Criticality: The application may or may not be mission-
networking perspective. As we demonstrated in Secfipn critical
different communities may interpret QoS of WSNs in different 1) Event-driven: Most event-driven applications in WSNs
ways. For example, in applications involving event detecticdre interactive, delay intolerant (real-time), mission critical,
and target tracking, the failure to detect or extracting wrorgnhd non-end-to-end applications. It means that the events
or incorrect information regarding a physical event may arisgnsors are expected to observe are very important to the
from many reasons. It may be due to the deployment aBdccess of the application. The application needs to detect
network management, i. e. , the location where the evefiese events and accordingly takes an appropriate action as
occurs may not be covered by any active sensors. Intuitiveyuickly as possible and as reliably as possible. Further, several
we can define coverage or the number of active sensorsi@portant points should be mentioned. First, the application
parameters to measure the QoS in WSNs. In addition, theelf is not end-to-end, i. e. , one end of the application is the
above failure may be caused by the limited functionality afink, the other end is not a single sensor node, but a group of
sensors, e. g. , inadequate observation accuracy or the wsor nodes within the area that is influenced by the event.
reporting rate of sensors. We can thereby define observat®gcond, the data flows from these sensors are likely to be
accuracy or measurement errors as parameters to measigly correlated and thereby containing much redundancy.
QoS. Further, it may be induced by information loss during thEnird, the data traffic generated by a single sensor may be
delivery. We can also define some information transportatief very low intensity. However, very bursty traffic may be
related parameters to measure QoS. However, our separatioggiierated by a set of sensors due to a common event or
QoS perspectives is not absolute since a common applicatipiphenomenon known as event showers. Finally, actions in
requirement such as the performance measure associated véponse to the detected event may need to be distributed to
event detection may involve all of them. Our purpose heggnsors or actuators as quickly as possible and as reliably as
is to focus on how the underlying network can provide thgossible. These sensors and actuators may not be the same
QoS to applications, in terms of which parameters we ca&et of sensors that notified the sink about this event. This data
map application requirements into the network infrastructueilivery model involves many typical WSN applications that
and measure the QoS support accordingly. For this purpggguire event detection and signal estimation/tracking, e. g.,

we describe two perspectives of QoS in WSNs: sensing of and response to an emergency due to chemical
o - release in a building.
A. Application-specific QoS 2) Query-driven: Most query-driven applications in WSNs

From this perspective, we may consider QoS parametein® interactive, query-specific delay tolerant, mission critical,
such as coverage [19], exposure [20], measurement err@isgd non-end-to-end applications. To save energy, queries can
and optimum number of active sensors [12]. In brief, thiee sent on demand. This data delivery model is similar to the
applications impose specific requirements on the deploymevent-driven model except that the data is pulled by the sink
of sensors, the number of active sensors, the measuremehile the data is pushed to the sink in the event driven model.
precision of sensors and so on, which are directly related The applications still need to receive these desired data as

the quality of applications. quickly as possible and as reliably as possible. The important
points mentioned for event-driven delivery are also relevant
B. Network QoS for query-driven delivery.

From this perspective, we consider how the underlying com-Note that a query may also be used to manage and re-
munication network can deliver the QoS-constrained sensmmfigure the sensor nodes. For example, if the sink wants
data while efficiently utilizing network resources. Althougho upgrade the software on the sensor nodes, reconfigure the
we cannot analyze each possible application in WSNs, sending rate, or change the sensor mission, the sink can send
is sufficient for us to analyze each class of applicatiormit a command to execute these changes. It should be noted
classified by data delivery models, since most applicationstimat the commands from the sink constitute one-way traffic
each class have common requirements on the network. Franmd require high reliability.
the point of view of network QoS, we are not concerned 3) Continuous:In the continuous model, sensors send their
with the applications that is actually carried out, we ardata continuously to the sink at a pre-specified rate.
concerned with how the data is delivered to the sink ande. Real-time voice, image, or video data: Real-time data is
corresponding requirements. Generally, there are three basic delay-constrained and has a certain bandwidth require-
data delivery models, i. e. , event-driven, query-driven, and ment. Packet losses can be tolerated to a certain extent.
continuous delivery models [25]. Before presenting the appli- As such, they are not end-to-end applications.
cation requirements, we would like to provide some factors « Non-real-time data: The sink may want to collect periodic
that characterize them as follows: data from the sensor field. In this context, delay and



TABLE |

APPLICATION REQUIREMENTS °
e
Class Event-driven | Query-driven | Continuous
End-to-End No No No o °
Interactivity Yes Yes No
Delay tolerance| No Query-specific| Yes
Criticality Yes Yes Yes

packet losses are both tolerated Fig. 2. A typical event-driven wireless sensor network

4) Hybrid models:In many applications, the data delivery
models described above may coexist in the network. Thus§dt individual sensors.
may require a mechanism to accommodate different types of

QoS-constrained traffic. IV. CHALLENGES FORQOS SUPPORT INWSNS

These requirements are summarized in Table |, and rnoreSince WSNs have to interact with the environment, their

importantly, we note that there are some differences in appé"ﬁaracteristics can be expected to be very different from other

cgtlon requweme_nts_ bemeen WSNs and traditional networlé inventional data networks. Thus, while WSNs inherit most
F'rSt. of .aII, applications in WSN".S are no Ionger end-to-en the QoS challenges from general wireless networks, their
apphcanns. Second, bandwidth is nqt the main concemn fog) rticular characteristics pose unique challenges as follows.

single sensor node. However, bandwidth may be an importan ) Severe resource constrainfBhe constraints on resources

concern for a group of sensors for certain time periods dH%‘/ : : :
) . olve energy, bandwidth, memory, buffer size, processing ca-
to the bursty nature of sensor traffic. Third, packet losses 9y Y P 9

2
traffic generated by one single sensor node can be tolera].
to a certain extent since there always exists much redundag%

|n.t_he datq. Finally, most gpphcatlons n WSNS are missiogsq battery for sensor nodes that are often expected to work
critical, which reflects the importance of applications. jn a remote or inhospitable environment. As a result, these

As a result, we are convinced that it is insufficient for enac’onstraints impose an essential requirement on any QoS sup-

Fo—\(/a;gNnet\\;vvorlt(thi parargtiters to measure the Q0S sug Fk mechanisms in WSNs: simplicity. Computation intensive
n S. VW€ thereby need 1o propose Some New non-end-1gs i1 ms - expensive signaling protocols, or overwhelming

end Qof pararlrlletf'rs. AS ‘;Who'e’ Wte ter¢hsuch non—end—to—%ré ork states maintained at sensors are not feasible.
parameters collective QoS parameters. These are 2) Unbalanced trafficin most applications of WSNs, traffic

(iility, and limited transmission power. Among them, energy
primary concern since energy is severely constrained at
sor nodes and it may not be feasible to replace or recharge

« Collective latency mainly flows from a large number of sensor nodes to a small
« Collective packet loss subset of sink nodes. QoS mechanisms should be designed for
« Collective bandwidth an unbalanced QoS-constrained traffic.

« Information throughput 3) Data redundancyWSNs are characterized by high re-

In this paper, we do not propose a collective parametdundancy in the sensor data. However, while the redundancy in
to characterize jitter since multimedia applications are nthie data does help loosen the reliability/robustness requirement
major applications of WSNs. Besides, we do not provide & data delivery, it unnecessarily spends much precious energy.
precise definition of each collective QoS parameter. Insteddiata fusion or data aggregation is a solution to maintain
we utilize an example to demonstrate the novel concept mbustness while decreasing redundancy in the data, but this
collective QoS parameters. For instance, in an event-drivarechanism also introduces latency and complicates QoS de-
wireless sensor network as shown in Fig. 2, the sensaign in WSNSs.
residing within a certain radius of the event are reporting 4) Network dynamicsNetwork dynamics may arise from
the information about this event to the sink. In this contexhode failures, wireless link failures, node mobility, and node
collective latency is defined as the difference between the tirsate transitions due to the use of power management or energy
at which the first packet related to this event is generatefficient schemes. Such a highly dynamic network greatly
by the source sensors and the time at which the last packefreases the complexity of QoS support.
related to this event or the last packet used to make a decisio®) Energy balancetn order to achieve a long-lived network,
arrives at the sink. Collective packet loss is defined as tkeergy load must be evenly distributed among all sensor nodes
number of packets related to this event lost during informati@o that the energy at a single sensor node or a small set of
delivery. Collective bandwidth is defined as the bandwidtsensor nodes will not be drained out very soon. QoS support
that the reporting of the event requires. To sum up, the siskould take this factor into account.
should be concerned about an end-to-end event, instead dd) Scalability: A generic wireless sensor network is en-
the packets from individual sensors. In addition, we shouldsioned as consisting of hundreds or thousands of sensor
consider information throughput at the sink from a set afodes densely distributed in a terrain. Therefore, QoS support
correlated sensors instead of an end-to-end data throughgesigned for WSNs should be able to scale up to a large



number of sensor nodes, i. e. , QoS support should not degradevideo sensors. The proposed protocol finds a least cost
quickly when the number of nodes or their density increasemnd energy efficient path that meets certain end-to-end delay

7) Multiple sinks: There may exist multiple sink nodes,requirement during the connection. In addition, a class-based
which impose different requirements on the network. Faueueing model is employed to support both best effort and
instance, one sink may ask sensor nodes located in teal-time traffic simultaneously.
northeast of the sensor field to send a temperature report everilowever, we note that, the solutions described above are
one minute, while another sink node may only be interestddsed on the concept of end-to-end applications, which may
in an exceptionally high temperature event in the southwesit be necessarily used in WSNs. Next, the mechanisms
area. WSNs should be able to support different QoS levets each protocol are too complex and costly for resource-
associated with different sinks. constrained sensors. Finally, how to support the QoS in novel

8) Multiple traffic types:Inclusion of heterogeneous setglata-centric routing protocols should be more interesting since
of sensors raises challenges for QoS support. For instanté much more feasible for them to be implemented in WSNs.
some applications may require a diverse mixture of sensordt is also noted that there are some research results available
for monitoring temperature, pressure, and humidity, therelapout MAC protocols [9][10][11], but most of them are
introducing different reading rates at these sensors. Sucltancerned with energy consumption. A few of them are also
heterogeneous environment makes QoS support more cltalncerned with the real-time traffic. However, they do not
lenging. really support the QoS in WSNs.

9) Packet criticality: The content of data or high-level de-
scription reflects the criticality of the real physical phenomeng Rejiability assurance

and is thereby of different criticality or priority with respect Some end-to-end reliability issues in WSNs are solved in

to the quality of the applications [21]. QoS mechanisms m 1][22][23]. The novelty of their work is that they consider

be. rgquwed to differentiate packet importance and set u te need for information-awareness and adaptability to channel
priority structure.

errors along with differentiated allocation of network resources
As a result, QoS support for the network may have to talﬁe L o
! . a§ed on the criticality of data. Based on the criticality of data
at least a few of the challenges described above into accoun . o .
o = nside a packet, different priority levels are assigned. Each
when an application is specified. . . S .
priority level maps to a desired reliability for data delivery.
As we emphasized earlier in this paper, the concept of their
V. A SURVEY OF CURRENT RESEARCH EFFORTS OROS  qjiapility is still based on end-to-end service. Besides, QoS
FORWSNSs concerns in WSNs should not be reduced to a single issue of
The existing research efforts related to the QoS in WSNeliability. Other factors such as latency, energy, and bandwidth
fall into three categories: traditional end-to-end QoS, reliabiliyhould also be taken into account.

assurance, and application-specific QoS. A brief review isY. Sankarasubramaniaet al.in [24] propose a new reliable

provided in the following. transport scheme (ESRT) for WSNs. ESRT is a novel transport
solution developed to achieve reliable event detection in WSN
A. Traditional end-to-end QoS with minimum energy expenditure. More importantly, their

Sequential Assignment Routing (SAR) [6] is the first prc)§olutlon is based on a non-end-to-end concept. The solution
: X . “Includes a congestion control component that serves the dual
tocol for WSNs that includes a notion of Qo0S. Assumin 2 . i
multiple paths to the sink node, each sensor uses a S pose of achieving re"?b""y and conserving energy, an(_j the
’ reliability of event detection is controlled by the sink which

algorithm for path selection. It takes into account the ener s more power than sensors. It is worth noting that this paper

and QoS factors on each path, and the priority level pfapackgg.ngs up the concept of non-end-to-end service. However
For each packet routed through the network, a weighted Q81eir solution only resides in an individual transport layer.

metric is cpmputed as the produ.ct of th? additive .QO.S mety urther, it does not consider other important QoS factors.
and a weight coefficient associated with the priority level

of that packet for purposes of performance evaluation. The o N

objective of the SAR algorithm is to minimize the averag€- Application-specific QoS

weighted QoS metric throughout the lifetime of the network. QoS has been defined as the optimum number of sensors
A QoS routing protocol (SPEED) that provides soft reakhat should be sending information at any given time in [12].

time end-to-end guarantee is demonstrated in [14]. The pfMhey utilize the base station to communicate QoS information

tocol requires each node to maintain information about ite each of the sensors using a broadcast channel and exploit

neighbors and exploits geographic forwarding to find the patltlhe mathematical paradigm of the Gur Game to dynamically

In addition, SPEED strives to ensure a certain speed for eaafjust to the optimum number of sensors.

packet delivery so that each application can estimate the endn [13], M. Perillo et al. provide application QoS through

to-end delay for the packets by considering the distance to the joint optimization of sensor scheduling and data routing,

sink and the speed of the packet delivery before making thdich can also extend the lifetime of a network considerably

admission decision [7]. compared to approaches that do not use intelligent scheduling,
More recently, another QoS-aware protocol is proposeden when combined with power-aware routing algorithms.

for WSNs in [8]. Real-time traffic is generated by imagingictually, their goal is to balance the application reliability with



efficient energy consumption. QoS in this paper is described6) Trade-offs:Data redundancy in WSNs can be intrinsi-
as the application reliability only. cally exploited to improve information reliability. However, it

In other papers such as [19][20], QoS is also defined apends too much energy to transmit these redundant data. If
coverage or exposure, the basic idea is how to cover the desinetl introduce data fusion, it can reduce data redundancy in
area of interest or leave no sensing holes so that sensors eater to save energy, but it also introduces much delay into
detect unexpected events as quickly as possible and as relighy network. What is an optimum trade-off among them? This
as possible. The deployment of sensors can be pre-definedptimum trade-off may be achieved analytically or by network
random. simulations.

As described in Sectiodll, none of these definitions is 7) Adaptive QoS assurance algorithmis:is desirable to
from the network perspective. Thus, the QoS support in theffaintain QoS throughout the network life instead of having
methods is not directly related to the QoS support from thegradual decay of quality as time progresses. This prevents
underlying network. gaps in data sets received by the sink. These gaps, that directly
affect QoS, are caused by network dynamics. As a result, some

VI. OPEN RESEARCH ISSUES adaptive QoS algorithms may be required to defend against

As we know, QoS-enabled traditional networks attempt tgetwork dynamics.
ensure: 8) Service differentiationWhat is the criteria of differentia-

« That applications/users have their QoS requirements sgén? Should it be based on traffic types, data delivery models,

isfied, while ensuring an efficient resource usage, i. €sensor types, application types, or the content of packets?

efficient bandwidth utilization. . ~ Considering the memory and processing capability limitations,
« That the most important traffic still has its QoS requirewe cannot afford to maintain too many flow states in a node.
ments satisfied during network overload. Thus, it is desirable to control network resource allocation to a

In the context of WSNs, efficient resource usage not onfgw differentiated traffic classes such that a desired maximum
means efficient bandwidth utilization, but also a minimal usagesource utilization is obtained.
of energy. Thus, QoS support in WSNs should also includeg) QoS support via a middleware layéf QoS requirements
QoS control mechanisms besides QoS assurance mechaniggi an application are not feasible in the network, the
employed in traditional networks, which can eliminate unneeniddleware may negotiate a new quality of service with both
essary energy consumption in data delivery. Further, besidré application and the network. Such a middleware layer,
during network overload, the most important traffic should stilhich may be used to translate and control QoS between the
have its QoS requirements satisfied in the presence of differgpplications and the networks, is of great interest.
types of network dynamics, which may arise from node failure, 10y QoS control mechanismSensors may send excessive
wireless link failure, node mobility, and node state transitiogiata sometimes and thereby waste precious energy while they
We have listed the main technical challenges in Sect¥n may also send inadequate data at other times so that the quality
Based on these challenges and our goals, the following gfethe application cannot be met. Some novel centralized or
identified as open research issues in QoS support in WSNgjstributed QoS control algorithms are desired.

1) Simpler QoS model®iffserv and Interserv models may 11) The integration of QoS supporthe mechanisms of
be not applicable in WSNs due to their complexity. Novel ang,g support in WSNs may be very different from that in
simple QoS models are required to identify the architectufg,jitional networks. However, since the requests to WSNs
for QoS support in WSNs. Cross layer instead of traditiongh, pe from a user/application through a traditional network
layered design may be helpful to work out a simpler modelg;,ch, as the Internet, further research is necessary for handling

2) QoS-aware data dissemination protocol: is Very he gifferences between them and maintain the QoS services

interesting to analyze how these protocols such as directed, 1\jess to the application running over both networks.
diffusion support QoS-constrained traffic while minimizing

energy consumption. Do these protocols support priority? Can
the network send high-priority traffic even with overloaded VIl. CONCLUDING REMARKS
traffic situation or under a highly dynamic network?

3) Services:What kind of non-end-to-end services can Few efforts have been made in the research field of QoS
WSNs provide? Are traditional best effort, guaranteed, amstipport in WSNs so far. In this survey paper, we analyzed
differentiated services still feasible in this new paradigm? the QoS requirements imposed by the main applications of

4) QoS support based on collective QoS parametérs: WSNs, and we claim that the end-to-end QoS concept used
is very interesting to explore the support mechanisms for traditional networks may not be sufficient in WSNs. Some
three classes of data delivery models using collective Qo®n-end-to-end collective QoS parameters are envisioned due
parameters. Further, how do the mechanisms differ from thdsethis significant change. Further, we list many challenges
in traditional networks? posed by the unique characteristics of WSNs and report on

5) Traditional end-to-end energy-aware QoS supp@d: the state of the art in terms of a few current research efforts
though these are not of main concern in WSNSs, they maythis field. Finally, we are convinced that the QoS support in
be applied in some scenarios. Also, it is very interesting ¥WSNs should also include QoS control besides QoS assurance
explore the limit on QoS assurance in an extremely resoureeechanisms, and some exciting open issues are identified in
constrained network. order to stimulate more creative research in the future.
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