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Abstract

This White Paper aims to provide an overview of éneerging technologies operating in the con
of home networks, UPnP-QoS and Inter-MAC and tdyshiow they can coexist and interoperate
order to generate a unified common management framiein the domestic environment.

Advantages and drawbacks of such an interoperatienillustrated from a service provider’s, deVv
manufacturer’s, application developer’s and endrisspoints of view.
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Problem statement

Today’'s Gigabit home and access networks are egdipgth a multitude of devices using several
wired or wireless communication technologies fogninheterogeneous environment. In this context,
the main challenge facing ICT scientists and deyai® is to achieve an advanced management of
such resources in order to deliver applicationsrattarized by high levels of Quality of Service

(QoS).

An application deployed in a networked environmgeherates a specific traffic flow, usually a
packet-based traffic flow. In a first approach avee class based handling of the application flasvs

a good compromise regarding the efficiency and dbmplexity of implementation. This kind of
mechanisms leans on the definition of several elms¥ services (CoS). Each ingress packet is
associated with a class, and is prioritized infeedintiated way according to the class withoutiegp
with the peculiarities of the specific flow (e.qusce/destination, service characteristics as battildw

or delay, session duration, etc.). This can beeaeli by some marking at the OSI layers 3 (e.qg.
DiffServ) or 2 (e.g. IEEE 802.1p).

However, the approach described above only prowadescroscopic prioritization of the flows. The
relatively small size of the home network makea®dlistic to consider a more accurate method, based
on a flow by flow handling, since the scalabilityncern is less critical in the home network than in
the core network. This method, based on a (paraiped® description of the flow specifications, is
usually associated to a resource reservation gbtiéhat is hinted here is that the introduction of
such resource reservation mechanisms (locallyarhtime network and in the access network) would
imply that the network supports appropriate framéwesuch as UPnP-QoS or SIP. We will focus on
UPnP-QoS in this document.

UPNnP-QoS is the emerging standard for home netwoilidleware in order to allow a seamless and
simple interconnection among devices with supparttfie establishment of QoS demanding traffic
flows. UPnP-QoS is based on UPnP, which is ablériog easy-to-use, flexible, standards-based
connectivity to managed and unmanaged networkshehén the home, in a small business, public
spaces, or attached to the Internet. The diffusfddPnP technology in the modern common end user
devices and intermediate devices is a great drivorge towards the adoption of a UPnP-QoS
framework for QoS management purposes.

This White Paper deals with the concern of therauion between the MAC layer of the home
network and UPnP-QoS, which is a typical mattemtérest inside the OMEGA FP7 project, with
regard to the Inter-MAC mechanism currently elatemtan this project. The Inter-MAC layer is the
new technology solution to obtain Gbps home netwdthrough the interoperation of different
telecommunication technologies. Thanks to its layel network resource management capabilities,
the Inter-MAC layer is able to merge the heterogesetechnologies present in the modern home
network, providing to the upper layers a unique atathnological network. Both mechanisms,
UPNP-QoS and Inter-MAC, are involved in the reseumanagement process.

These two solutions will very likely coexist in neyeneration home networks. The objective of this
work is to provide an overview of the consideredht®logies (UPnP-QoS and Inter-MAC) and
understand how they can coexist and cooperatederdo provide a unified common management
framework in the context of home networks.



Inter-MAC overview

The Inter-MAC convergence laydd], [3]), designed and developed within the OMEGA FIR3jgzxt,
is located between layer 2 (MAC) and layer 3 (Netwerotocol) as depicted in Figure 1.
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Figure 1: Inter-MAC layer stack

Such a layer allows the seamless interoperatiomgrdifferent telecommunication technologies, with
the aim of achieving high speed rates in the hagimp§). The Inter-MAC layer plays a key role for all
inter-network communication aspects and definestao§ common semantic elements to allow
information to be exchanged between each technoltependent MAC layer and the Inter-MAC
layer.

Furthermore, the Inter-MAC framework provides a sleinanagement plane elements, orthogonal in
respect of the classical ISO/OSI stack layers, ¢hatbe accessed by every other layer to optirtsze i
function. The management plane is concerned witiore that define the (typically long term)
behaviour of the devices inside the network, irtipalar by means of a set of policies (e.g. fordow
energy path selection) by the network administraidre Inter-MAC can also access management
plane elements of other layers to optimize its dwnrction. Moreover, signalling plane elements are
used to establish and release connections, expathlieselection as well as to set the QoS and s$gcuri
parameters.

The Inter-MAC framework therefore leads to a lagenesh architecture bringing in the advantages of
multi-path capabilities for traffic reconfigurationThus it introduces a new approach for the
management of Quality of Service inside the homevaik. The impact on the role of the different
already existing or emerging management mechan{3Rs069, SNMP, UPnP DM, LLTD, ...) is
low, but the Inter-MAC layer brings a real oppoiturio achieve local (and remote in a further step)
management of everyday operation (Operations & Masnce, power saving). The architecture must
support legacy devices and networks, and existaigdards such as UPnP and SIP: the interaction of
the Inter-MAC with the upper layers (above IP) mtistrefore be taken into account. Moreover,
beyond the terminal and session mobility that canabhieved on top of the Inter-MAC layer,
scenarios of inter-home continuity and multi hommay be considered.
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When looking to the Inter-MAC layer architecty2 more in detail, it can be decomposed in several
engines distributed in three separated planesmimeagement plane, the data plane and the control
plane as shown in Figure 2:
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Figure 2: Inter-MAC Architecture

The black arrows in the figure represent the irgkcontrol interfaces of an OMEGA node. The labels
of the arrows indicate the user and provider ofititerface. The first three letters stand for tiseru
and the other remaining letters stand for the pl@viof the interface, e.g. CI_PAS_FOR is the
provided interface of the forwarding engine whishuised by the path selection engine. The blue
arrows show the flow of incoming and outgoing dpéekets. The red arrows represent the control
packets that will be sent to the same engine ithean@®MEGA node.



UPNnP-QoS overview

In modern home network environments, a wide vaiétyevices have the capabilities to interact with
each other. A solution for device interfacing isgwsed by the UPnP Forudi: Universal Plug and
Play (UPnP) is a set of networking protocols towlidevices to connect seamlessly and to simplify
the implementation of home networks (data shart@pnmunications and entertainment) and in
corporate environments. UPnP achieves this by idefiand publishing UPnP device control protocols
built upon open, Internet-based communication stedgl Two types of devices are defined by the
UPNP architecture: controlled devices (or simplgvides”), and control points. A controlled device
acts as a server, responding to requests fromaiguints. Both control points and controlled degc
can be implemented on a wide variety of platformsluding personal computers and embedded
systems. Multiple devices, control points, or bothy be operational on the same network endpoint
simultaneously.

The UPnP-QoS framework is designed to be a stargtsdfication for QoS setup of traffic streams
wishing to be executed in single IP subnets. ThenRJQ0S specification also supports QoS
management on the LAN for traffic streams origingtifrom or terminating in a WAN.
Fundamentally, UPnP-Qo0S manages QoS for a trafigas that flows between a source and a sink
device in the same subhéite. typically the home network part of a flow) traffic stream is viewed

as a uni-directional flow from a source device tirk device, possibly passing through intermediate
devices. The UPnP-QoS specification is defined auedt uses UPnP elements, in particular, the
UPNP-QoS architecture{®] specification defines a set of services andoast building the whole
UPNnP-QoS environment:

= The QosManager:3 service defines a set of actions for a Control Point tugerelease, and
update the Quality of Service for a requested itrafream. In a network with admission
control, the role of the QosManager:3 is to adntiiaffic stream to the network based on the
traffic stream’s requirements. It interacts with raétwork elements by means of the UPnP-
QoS services deployed on them.

= The QosPalicyHolder:3 service is a repository of QoS policies for the UPnP-Q&B8nork.
The main function of this service in a prioritizedtwork is to judiciously allocate the use of
TrafficilmportanceNumbers (mapped into priority iRds) by traffic streams so that traffic
importance levels are not overused. When usingnpetexized or hybrid Quality of Service,
the QosPolicyHolder:3 service also is used for eotdn resolution by way of a
UserlmportanceNumber that gets associated witrearst

= The QosDevice:3 service must be implemented in a source, sink or interatedhetwork
device. A QosDevice:3 service provides an interfaveards the QosManager:3 service for
QoS information retrieval and management of theusses in the device.

UPNnP-QoS introduces some key concepts to desdnbenétwork topology and the related QoS
management. As shown in Figure 3, UPnP-QoS defireesoncepts of interface, link and technology
for a QosDevice:3 service.

! This restriction stems from the fact that UPnResebn multicast for service discovery. Note that source/sink in this
network not necessarily is the information/applmas logical end point: a home gateway can beethe point for the QoS
reservation in the home network LAN, whereas thgiagtion flow could terminate on a server in th&M/
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UPnP . .. Interface - - Technology
QosDevice (Interfaceld) (i.e. ethernet)
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Figure 3 : UPnP-QoS interfaces and links

Every QosDevice:3 service has at least one interfetich is defined as the point of interconnection

between a device and a network. An interface cdsrteca single technology such as Ethernet, PLC
or WiFi. A link is a (possibly bidirectional) direconnection between two devices for data exchange.
Within an Interface, links are identified throudteir Linkld. An interface can contain multiple links.

In a device, a link can only belong to one integfac

A UPnP-QoS path is composed by an ordered sequér@esDevice:3 services, from the source to
the destination.

UPnP
QosDevice D
(Destination)

UPnP MAcSOURCE L1 UPnP L2 MAcDESTINATION

QosDevice S QosDevice B
(Source) (Bridge)

Figure 4: UPnP-QoS Path

As shown in Figure 4, a bridge is on the path d anly if it reports the MAC address of the sounce

a different link (L1) than the MAC address of thestination (L2) and these two links (L1 and L2) are
bridged. When there are bridges without a QosDe¥iservice the complete determination of the
devices path is not possible from a UPnP-QoS petispeand the QosManager:3 will consider just
the parts of the path that it has determined.

A QoS segment is the subset of interconnectedfates on the calculated path that follow the same
admission mechanism.

QoS Segment
(QosSegmentld)

UPnP . .. Interface - - Technology

QosDevice (Interfaceld) (i.e. ethernet)

Link
(Linkid)

Figure 5: UPnP-QoS network concepts

The path from a source to a sink is composed af @his is the legacy case of non-UPnP-QoS v3
QosDevice:3 services) or more QoS segments. Wh@uosDevice:3 service has more than one
interface and those interfaces are in different @@@nents, each interface is considered sepafately



QoS setup. The concept of QoS segment is introdiechitle the Layer 2 dependencies of QoS setup
on the Segment, from the QosManager:3 point of view

UPnP UPnP

QosDevice S QosDevice B
(Source) (Bridge)

Qos Segment 1 Qos Segment 2

Figure 6 : UPnP-Qo0S QoS Segments

For example, as shown in Figure 6, the networkaioattwo QoS Segments (QoS segment 1 and QoS
segment 2). When a stream traverses both QoS Segrbeth QoS Segments will require QoS setup
via the QosDevice:3 services on the segments. Qog®evice:3 B will be asked to setup QoS twice,
once for each interface. For example, supposeQbabevice:3 S is the source and QosDevice:3 D is
the destination. The path is: S then B (first thteliface on the QoS Segment 1, then the interface o
the QoS Segment 2) and then D.

UPNnP-QoS supports three types of Q&SBioritized, Parameterizedand Hybrid QoS. UPnP-QoS
considers 8 different Quality of Service classed)(0from Best Effort to High Priority classes (e.g
Audio and Video conference and Control packetsiamaterized QoS requests network resources for
a traffic stream. If there is a non-parameterizexb @chnology on the path, then it is not possible
setup parameterized QoS end-to-end on the entife plgbrid QoS addresses this issue, reserving
resources in technologies that support parameteieS and establishing prioritized QoS on the
other technology segments.
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= Service
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- Control>  Request QoS (1)
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Figure 7: UPnP-QoS Architecture Overview

Figure 7illustrates an example of a scenario that explainsasic dialogue among the UPnP-QoS
entities. The Control Point application is assurntetiave the knowledge of source, sink and content
characteristics to be streamed. The steps to lmiededescribed in the figure are the following:

1. The Control Point constructs a Traffic Descripttnusture and requests a QosManager:3
service on the UPnP network to setup QoS for éidrstream;

2. The QosManager:3 service (acting as a UPnP copdiiat) requests the QosPolicyHolder:3
service to provide appropriate policy for the tiaBtream described by the Traffic Descriptor
structure;



3. Based on this policy, the QosManager:3 configuree QosDevice:3 service(s) for
establishing the QoS for the new traffic stream.

When the QoS setup request fails due to a lacksufurces, the possibility to free resources nepgessa

to allow the new traffic stream to be admittedcomsidered. The process of taking resources from
existing admitted traffic streams is called pregomptIn case of preemption, the setup process is
longer than the simple case, because a secondpattémeserving resources must be performed. In
fact, the preemption mechanism consists of threpsstthe first step is to determine which flow(s)

must be preempted, the second step is to commartcdle involved devices the release or update of
the previously admitted resources, and the fingh $¢ to establish the QoS of the current flow, by
again executing the request process.

The main actions offered by the QosManager:3 serwich builds the basis of the whole UPnP-
QoS management, are the following:

= RequestTrafficQos(a Control Point invokes this action to setup QoiSa particular traffic
stream. The QoS information about the stream isagoed in the Traffic Descriptor passed as
an argument to the QosManager:3 service. In casmaad functionality such as preemption
is needed, a variant of this actiorRequestExtendedTrafficQas()

= UpdateTrafficQosf) a Control Point invokes this action if it needs ¢hange the QoS
requirements associated with a particular traffreaan. The QoS information to be updated
about the stream is contained in the Traffic Dgsori passed as an argument to the
QosManager:3 service. In case extended functignalith as preemption is needed, a variant
of this action idJpdateExtendedTrafficQos().

= ReleaseTrafficQos(Ja Control Point invokes this action to releaseal@y of Service for a
particular traffic stream. Only a flow identifies requested to be passed as an argument to the
QosManager:3 service.

Further supported actions, detailed4hand providing additional UPnP-QoS capabilitiase exposed
by the QosManager:3 service to a Control Pointtenrtetwork:BrowseAllTrafficDescriptor@ lists
information about all stream currently admitted the network andsetQmCapabilitie§ lists the
capabilities of the QosManager:3 service, suchr@smption and listing of blocking streams.



Combination Inter-M AC/UPnP-QoS

The adoption of a standard for the QoS setup ffidrstreams is always a desirable solution because
it increases interoperability among devices by madHn(i) a transparent connectivity inside the digital
home, (ii) a unified approach for device discovery, configiora and control andiii) compatible
Quality of Service mechanisms.

As described in the previous sections, the InteréMlayer is able to manage and compose all the
telecommunication resources in order to guarartieeperformance level requested by the network
users, while the UPnP-QoS framework performs diegowef devices in the network and coordinates
their collaboration activities in a standard waljp\@ing simple interoperation among entities and
providing a standard way for the setup of QoS delimgnflows. From this consideration, it is clear
that Inter-MAC and UPnP-QoS can be integratedénramon environment where they can cooperate
in order to provide the required level of QoS te #pplication flows crossing the network, without
replication of functionalities.

Application
UPnP QoS
UPNP
SOAP/SSDP/GENA
HTTPU | HTTPMU HTTP
UDP TCP
P
INTER-MAC
MAC
PHY

Figure 8: UPnP-QoS over Inter-MAC Protocol Stack

The cooperation between Inter-MAC and UPnP-QoSheaachieved during the establishment of QoS
demanding flows. In fact, UPnP-QoS manages theicgtigh level signalling and is thus able to

provide to the Inter-MAC layer the traffic infornma describing the flow to be initialized. Inter-

MAC, on the other hand, should use such signallifgrmation gathered from the UPnP-QoS
framework in order to establish and correctly hanitle flow in the OMEGA network. At the same

time, the UPnP-QoS framework uses the informatioming from the Inter-MAC layer to have a

global vision of the network, in terms of conneityi\and resources state, in a high-level detail.

In order to perform the integration between themMAC and the UPnP-QoS framework, it is needed
to define the interface between them. Such interfaaused by the UPnP-QoS framework to provide
to the Inter-MAC information related to the flow be established, in form of a Traffic Descriptor
(containing traffic specifications specifying Qo&quirements), and by the Inter-MAC layer to send
information to the UPnP-QoS framework about théustaf the telecommunication resources. Table 1
illustrates the complete list of actions (mandatang optional) exposed by the QoSDevice:3 Service
as specified in7] and their relation with the Inter-MAC layer ir@rms of capacity of support.
Analyzing the table, it is possible to distingugipport of the Inter-MAC layer in four different ya
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I) Supported action actually supported by the Inter-MAC layat, least with regard to the
action’s mandatory functionalities.

i) Missing Interfaceaction not actually supported in the sense thaifrterface with UPnP-QoS
framework is missing, but the Inter-MAC layer hag iheeded capabilities, at least for the
action’s mandatory functionalities.

iii) Not Supportedaction not supported in terms of some mandatongtionalities that the Inter-
MAC layer is not capable to provide.

iv) Inter-MAC not involvedaction not involving Inter-MAC layer but only UPFQo0S.

Name of QosDevice:3 Action

Mandatory/Optional  Supported by Inter-MAC

GetQosDeviceCapabilities()

Mandatory (backward
compatibility)

Missing Interface

GetQosState() Mandatory (backward| Inter-MAC not involved
compatibility)

SetupTrafficQos() Mandatory (backward | Supported
compatibility)

ReleaseTrafficQos() Mandatory (backward| Supported

compatibility)

GetPathinformation()

Mandatory

Missing Interface

GetQosDevicelnfo()

Optional (backward

Inter-MAC not involved

compatibility)

ConfigureRotameterObservation() Optional Not Supported
GetRotameterinformation() Optional Not Supported
AdmitTrafficQos() Mandatory Supported
UpdateAdmittedQos() Mandatory Supported
ReleaseAdmittedQos() Mandatory Supported
GetExtendedQosState() Mandatory Missing Interface
SetPreferredQph() Optional Inter-MAC not involved
GetUnexpectedStreamChanges() Optional Supported
VerifyTrafficHandle() Optional Supported
UpdateTrafficLeaseTime() Mandatory Missing Interface
SetL2Map() Optional Missing Interface

Table 1: QosDevice:3 service Supported Actions
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From the table it is clear that the Inter-MAC layg@able to support all the mandatory functionediti
required by the UPnP-QoS framework, but for a finleroperation some interfaces still need to be
defined.

In general, each Level 2 technology which is uralesingle admission mechanism is calle@@S
segmenin the UPNP-QoS specificatigre.g. a single Ethernet LAN or a single Wi-Fi netigjo Each
QoS Segment has an associated QoS Segment ID.

If the home network is fully OMEGA compliant (até devices composing the network implement
the Inter-MAC layer), the UPnP-QoS framework caketadvantage of that and its operations can be
simplified due to the fact that most of the Qo&itedl functionalities are managed by the Inter-MAC
layer itself. In particular, admission control amditing functionalities are delegated to the IN&XC
layer. In fact, thanks to the technology transpeyesf the Inter-MAC layer, the home environment is
viewed at network and upper layers as a uniquellziA&N (called OMEGA network) in which each
node is single-hop connected to every other ndugefore a single QoS Segment must be considered
at UPnP-QoS level, as shown in Figure 9:

A -UPnP
QosDevice

A -UPnP
QosDevice

MeCA

Multimedia over Coox Allience

B - UPnP
QosDevice

B - UPnP
QosDevice

D -UPnP
QosDevice

C -UPnP D -UPnP

osDevice osDevice
“ E -UPnP “

QosDevice

C -UPnP
QosDevice

QosDevice

QosDevice QosDevice

Figure 9: UPnP-QoS interprets the OMEGA networkaa3oS Segment

The Inter-MAC layer generates a unique QoS Segrientidentifying the whole heterogeneous
network managed by the Inter-MAC, and only a singterface for each device is exposed: the Inter-
MAC interface. Since the OMEGA network is consideras an Admission-based network, it
represents an Admission-enabled segment, theréf@eceptsParameterizedrequests. The TSpec
parameters provided by the UPnP-QoS framework aapped into the 6 OMEGA QoS classes,
basing on the QoS requirements that need to bfiedti

On the other hand, in networks where not all deveme OMEGA-compliant, UPnP-QoS is essential
in order to achieve an end-to-end QoS provisioimsgle the home. In this case, again the Inter-MAC
network is seen as a single segment by the UPnPf@oSwork, but, since it is just one of the
segments constituting the entire path, UPnP-Qofa charge of performing end-to-end admission
control.
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Discussion

Inter-MAC

The Inter-MAC layer has an impact on the CPU load the link usage. The control plane is running
new algorithms for path selection and QoS managemendynamic way to keep an updated view of
the network resources. On the data plane sideg themome overhead with a new 2.5 header and path
selection protocol frames. That means that MTU khdwe managed carefully inside the OMEGA
network to avoid frame fragmentation degrading grenfance.

For the end user, the home network running IntereMaill be more easy to setup, more friendly to
troubleshoot and more reliable for QoS applicatioltsis possible to build a home network
infrastructure with simple infrastructure devicesming only Inter-MAC layer, without embedding
higher layers such as UPnP.

However, the way an application developer or sergiovider interacts with the Inter-MAC layer to
take advantage of its functionality can be simetifiby using a higher level policy and resource
management framework.

UPNP-QoS

UPNP-QoS provides a policy based QoS managemeneivark for the home network. This means
that the quality of consumer services can be mahagsily and policies can be configured according
to the subscriptions a user has subscribed to.

One of the biggest advantages of UPnP-QoS is thptovides an abstraction layer towards all
possible admission mechanisms. Functionality speifa certain networking technology is bundled
in the QosDevice:3 service implementations. Theegemrmanagement functionality will not need to
be changed when a new device or networking techggajets added to the home network.

However, UPnP-QoS is limited to QoS on a singlenstiland assumes there is only one path between
each source and destination device. Furthermoredduices to be manageable by the UPnP-QoS
management framework a QosDevice:3 service (a miminof one QosDevice:3 service per QoS
segment is needed) needs to be implemented.

Combination

Even if the UPnP-QoS framework and the Inter-MA@elahave been designed independently one
from the other, their combination in a home netwisrigossible, as described in previous sections.

Even more, since these frameworks address comptameissues, their interoperation in a home
network brings the following advantages:

*« UPnP-QoS allows to extend the QoS management anulot@apabilities offered by the
Inter-MAC layer even when legacy (i.e. no Inter-MAgDabled) networked elements and
devices are present in the home network;

¢ UPnP-QoS allows a simple means to communicatecgtigh level QoS requirements;

* The Inter-MAC layer allows to simplify the operatiof the UPnP-QoS framework. In fact,
the Inter-MAC layer hides the heterogeneity of leene network which is seen by the UPnP-
QoS framework as a single QoS segment. This alpbamthat only an Inter-MAC dependent
QosDevice:3 service will be necessary, withoutdbployment of a specific QosDevice:3 for
each MAC technology used in the home network. Thiectl consequence is that in an
OMEGA network the UPnP-QoS framework is easily dgable because much of the
complexity is hidden in the Inter-MAC layer;
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* Some QoS management functionalities have beendglreaplemented in the Inter-MAC
layer, (for instance the application flows’ imparta and priority management functionalities
offered by the UPnP QoS Policy Holder), thus thexRH®)oS framework architecture can be
simplified, consequently the deployment of the U5 functionalities in low cost, mass-
scaled network devices is foreseen;

« The whole integrated framework (UPnP-QoS + Inter@)Aallows to provide easy and
standardized QoS management and control in heteeogs gigabit home networks, in a way
that is transparent for the user and its applioatio

Of course, all those advantages do not come far. #especific interface has to be included in the
Inter-MAC layer to allow the exchange of control ssages with the UPnP framework. Such an
interface has been already defined during Inter-MAgr design, and it is callecCt NEL_QOS”

(as shown in Figure 2). The actual design of thigrface covers only general message exchange since
it was not explicitly designed for the communicatiwith the UPnP-QoS framework. A detailed
design of that interface is still needed to extéadapability to make UPnP-QoS and Inter-MAC layer
fully interoperate.

Viewpoints

This section discusses pros and cons of the comitimnaf Inter-MAC and UPnP-QoS technologies
from the viewpoint of every actor, such as servirzeviders, device manufacturers, application
developers and end users.

Service Provider

An easy installation and a high Quality of Servaxe two major stakes from a service
provider point of view. Clearly UPnP aims at reaigsuch an easy installation, and the Inter-
MAC framework favours a high Quality of Service. Mover the Inter-MAC is applicable in
the middle term not only to "no new wires" solusdout also to solutions based on structured
cabling (such as Ethernet cabling or optical fibhethe prospect of a changing home network
where Inter-MAC devices and UPnP (not Inter-MACYides might coexist, the UPnP-QoS
framework would allow to maintain an overall comtod the Quality of Service performance,
while keeping a reasonable degree of simplicity thue simplification of the UPnP-QoS
framework by the Inter-MAC.

More generally the specific issue tackled in thihid Paper highlights the interest of
studying the possible interaction between the pay8fAC layers and the upper layers.

Device Manufacturer

For device manufacturers easy installation and oy high Quality of Service with low
resource consumption and low cost, mass scaledonetdevices are very important. The
combination of Inter-MAC layer with UPnP-QoS allows simplify the UPnP-QoS
architecture and operation, which supports strotigdyabove mentioned requirements.

A negative side effect for a device manufacturetthiat you have to support two QoS
frameworks which will increase process costs fordaip procedures, versioning,
documentation, service and maintenance processes.

From the point of view of a manufacturer that pded the end user several different devices
that can be used in a home network, such as agaessays, Wi-Fi routers, network switches
and Set Top Boxes, it seems mandatory to spend wffoet in the development of
technologies that help the end user in settingrupdeequate network infrastructure. From this
point of view, a solution based on the combinatbtyPnP-QoS and Inter-MAC seems to be
quite promising, even when taking into accountrtbgative effects previously mentioned.
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Application Developer

The QosManager:3 service provides a well-defined simple interface towards the QoS
management framework from an application perspeciihe fundamental input needed by
the UPnP-QoS framework to perform its Quality ofvdee functionalities is represented by
the TrafficDescriptor, which defines the applicatifiow QoS requirements. Therefore, the
application layer simply needs to compose the @#scriptor argument and invoke the
UPNP-QoS framework (i.e. the QosManager:3 senbgeneans of a Control Point. In order
to drastically simplify application implementatigrasgeneric Control Point that receives input

from an application and handles all communicatiath whe QosManager:3 service can be
designed.

End User
The end user shouldn’t be bothered with networkagament and as UPnP offers dynamic

discovery and configuration of compliant devicé® &nd user should only have to power on
the device.
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