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Executive Summary 

This ALPHA Deliverable D3.6 reports on the network control and management issues for in-
building/home networks. The focus is made on the resource management in a heterogeneous home 
network, but the integration with the control and management plane of the access network is also 
considered. 

A control & management architecture consisting of a number of functional building blocks is proposed 
for the local resource management in a home network using the UPnP-QoS framework. The 
Deliverable gives details on the framework which consists of the services/modules QoS Policy Holder, 
QoS Manager and QoS Devices. Also, options for a remote configuration using TR-069 and SNMP 
are considered.  

The envisaged interaction (a sequence diagram) between the UPnP-QoS in home and the GMPLS 
RSVP-TE in access is presented for two scenarios of the home-access integration as a foundation for 
the integrated UPnP-GMPLS framework. 

For the UPnP-QoS framework, simulations have been performed for identifying the QoS setup time 
depending on the request priority. It has been in particular noted that the higher priority flows have, on 
the average, longer setup times, which however has been deemed acceptable since a higher priority 
flow also gain lower rejection rate and the overall setup times in this simulation have been in the order 
of a few milliseconds (these times did not include the processing times).    

Also, the time required to execute various QoS manager requests for QoS devices in the UPnP-QoS 
framework has been measured. This data have been used for extrapolating the setup times of a number 
of QoS-enabled devices. It has been concluded that parallelization of the setup procedure might be 
required in order to achieve an acceptable setup time for larger home networks.  

Furthermore, the status of implementation of the UPnP QoS functionality by the ALPHA industrial 
partners (Telsey and Homefibre) for their respective hardware is reported.  
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1 Introduction 

1.1 Purpose and Scope 
Deliverable D3.6 addresses the technical aspects of managing resources in a (home) network. First of 
all, the heterogeneity of a home network is taken into account, since each particular networking 
technology has its specific QoS mechanism. Combining these mechanisms to form a networking 
technology independent resource management framework is the first task to be considered. Secondly, 
interworking with the access network, in particular, the issue how can we synchronize reservations in 
the home network with that of the access network? 

Architecture is proposed that combines a number of technologies to solve the stated problems. In 
particular, the UPnP-QoS solution for the home network and its interaction with GMPLS are 
investigated. 

The feasibility of deploying such a mechanism is investigated. This is done by: 

·  Theoretical performance measurements of UPnP-QoS signalling 

·  Performance measurement of a test implementation of UPnP-QoS 

·  Preliminary report of real life implementation issues of UPnP-QoS 

·  Theoretical interworking UPnP-QoS and GMPLS 

In section 2 the use cases that will be taken into account are discussed. Both in-home use cases as we 
as the use cases that involve interworking with the access network are considered.  

Section 3 discusses the available building blocks and proposes an architecture combining them into a 
generic resource reservation framework. 

Section 4 reports performance measurements of UPnP-QoS v3 using different models/ 
implementations, and section 5 reports a preliminary roadmap for commercial implementation. 

1.2 Reference Material 

1.2.1 Reference Documents 

[1]  http://www.read.cs.ucla.edu/click/ 
[2]  Analysis of UDP Traffic Usage on Internet Backbone Links. SAINT'09: 9th Annual 

Symposium on Applications & the Internet, Student Session, Seattle, WA, USA; IEEE 
2009 

[3]  UPnP Forum, “ UPnP-QoS Architecture:3 For UPnP Version 1.0” , November 30, 2008 
[4]  UPnP Forum, “UPnP QosPolicyHolder:3 Service Template Version 1.01 For UPnP 

Version 1.0”, November 30, 2008 
[5]  UPnP Forum, “UPnP QosManager:3 Service Template Version 1.01 For UPnP Version 

1.0”, November 30, 2008 
[6]  UPnP Forum, “UPnP QosDevice:3 Service Template Version 1.01 For UPnP Version 

1.0”, November 30, 2008 
[7]  Devices Profile for Web Services, February 2006 available at: 

http://specs.xmlsoap.org/ws/2006/02/devprof/devicesprofile.pdf 
[8]  L. Brewka, H. Wessing, and L. Dittmann, “Signaling performance of UPnP-QoS 

architecture,” in Third IEEE International Conference on Advanced Networks and 
Telecommunication Systems (ANTS), New Delhi, India, 12 2009. 

[9]  “UPnP technology the simple, seamless home network a white paper,” 
December 2006. 

[10]  C. Develder, P. Lambert, W. Van Lancker, S. Moens, R. Van de Walle, J. Nelis, 
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D. Verslype, S. Latré, N. Staelens, N. Vercammen, B. Vermeulen, B. Masschelein, 
T. Van Leeuwen, J.-F. Macq, K. Struyve, F. De Turck, and B. Dhoedt, “Delivering 
scalable video with QoS to the home,” Telecommun. Syst., to appear. 

[11]  http://www.cablelabs.com 
[12]  http://www.opencable.com 
[13]  CableLabs, “OpenCable Home Networking MIB Specification”, September 21, 2009 
[14]  UPnP Forum, “UPnP QosDevice:3 Underlying Technology  

Interface Addendum Service Template Version 1.01  
For UPnP Version 1.0”, November 30, 2008 

[15]  J. Nelis, D.Verslype, C. Develder, L. Brewka, H. Wessing, and L. Dittmann, “Bandwidth 
reservations in home networks: Performance assessment of UPnP-QoS v3”, Proc. 35th 
IEEE Conf. Local Computer Networks (LCN 2010), Denver, CO, 11-14 Oct. 2010, pp. 
276-279 

[16]  B. Vankeirsbilck, J. Nelis, D. Verslype, C. Develder, T. Van Leeuwen, and B. Dhoedt, 
“Integrating personal media and digital TV with QoS guarantees using virtualized set-top 
boxes: Architecture and performance measurements”, Proc. 35th IEEE Conf. Local 
Computer Networks (LCN 2010), Denver, CO, 11-14 Oct. 2010, pp. 504-511 

 

1.2.2 Acronyms and Abbreviations 

ACS Auto Configuration Server 
ATM Asynchronous Transfer Mode 
ATQ AdmitTrafficQos 
CSV Comma Separated Values 
CP Control Point 
CPE Customer-premises equipment 
CWMP CPE WAN Management Protocol 
DNS Domain Name System 
DNS-SD DNS Service Discovery 
DPWS Devices Profile for Web Services 
DSL Digital Subscriber Line 
GENA General Event Notification Architecture 
GEQS GetExtendedQosState 
GMPLS Generalized Multiprotocol Label Switching 
GPI GetPathInformation 
HTTP Hypertext Transfer Protocol 
ICT Information and Communication Technologies 
IPTV Internet Protocol TeleVision 
LAN Local Area Network 
MIB Management Information Base 
MoCA Multimedia over Coax Alliance 
NAT Network Address Translation 
NMS Network Management System 
OPNET Optimized Network Evaluation Tool 
OS Operating System 
UDP User Datagram Protocol 
UIN User Importance Number 
UNI User Network Interface 
UPnP Universal Plug and Play 
PC Personal Computer 
QD QosDevice service 
QM QosManager service 
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QoS Quality of Service 
QPH QosPolicyHolder service 
RAQ ReleaseAdmittedQos 
RG Residential Gateway 
RSVP-TE Resource Reservation Protocol - Traffic Engineering 
SDK Software Development Kit 
SNMP Simple Network Management Protocol 
SOAP Simple Object Access Protocol 
TCP/IP Transmission Control Protocol/Internet Protocol 
ToC Table of Contents 
VLAN Virtual Local Area Network 
Wi-Fi Wireless Fidelity 
WAN Wide Area Network 
WP Work Package 
XML eXtended Markup Language 

1.3 Document History 
Version Date Authors Comment 
01 2009-11-20 Jelle Nelis ToC  
02 2009-12-08 Lukasz Brewka, 

Henrik Wessing 
and Lars 
Dittman 

Contribution UPnP-QoS 
signalling (section 4.1) 

03 2009-12-08 Jelle Nelis Introduction to section 2 and 
section 2.1 

04 2009-12-09 Jelle Nelis Section 3.1.1.1 
05 2010-01-05 Jelle Nelis Mapping UPnP-QoS, Zeroconf 
06 2010-01-06 Jelle Nelis Remote configuration, SNMP, 

Optimization of UPnP-QoS 
implementation 

07 2010-01-07 Jelle Nelis Deployment view 
08 2010-01-08 Günter 

Obiltschnig and 
Gerhard 
Treffner 

Section 5.2.2 

09 2010-01-18 Henrik Wessing Section 3.1.1.2 
10 2010-01-18 M.Giltrelli and 

M. Pegorer 
Section 3.1.2.1 and section 
5.2.1 

11 2010-03-10 Pontus 
Sköldström 

Section 2.2 and section 3.3.2 

12 2010-03-22 Jelle Nelis Exec. Summary 
13-14 2010-04-01 – 2010-05-

05  
E. Ortego,  
M. Popov 

Final remarks and review 

15 2010-11-23 All partners Public version D3.6p released 
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2 Use cases 

In order for the quality of experience of any service for the end user to be satisfied, network resources 
should be managed based on that particular service. Some services are prone to errors such as packet 
loss or high delay/jitter, others are resilient to these errors and only have bandwidth restrictions. 
Control and management of these network resources from source to destination raise a number of 
challenges. Figure 1 gives an overview of the network infrastructure to manage. The heterogeneity of 
technologies along the path should be taken into account, several networking/reservation technologies 
can be used between the beginning and the end of the path, all of which should be managed. 
Furthermore, different network stakeholders can be involved. Typically there will be a service 
provider, one or more network operators and the end user. Note that the goals of all these different 
stakeholders might not necessarily coincide. 

 
Figure 1 Overview of network infrastructure 

In the context of ALHA, we will be focussing on two use cases, namely the control and management 
inside the home network in section 2.1 and the interaction between the home and access network in 
section 2.2. 

2.1 Control and management of multiple QoS segments in the home 
A home network can be composed of different networking technologies. Examples are wireless, power 
line and coaxial communication, twisted pair copper and fibre. Figure 2 shows an example of such a 
home network. 

These technologies have different capabilities; some technologies only support prioritization of traffic, 
others also support actual parameterized reservation of resources. The parameters that are supported 
also vary among the technologies; the most common parameter that is supported is bandwidth and 
related parameters. Delay and jitter can also be supported. 

Not only are the capabilities diverse in the home network, the reservation mechanism also is 
technology specific. 
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Figure 2 Example of a home network 

This use case aims at showing the steps necessary for reliable, policy based resource reservation on a 
heterogeneous home network. To demonstrate this, we will consider three scenarios. First of all, a 
basic reservation of network resources is considered. This scenario shows the differences in 
technological capabilities can be abstracted to offer a unified resource reservation mechanism across 
the home network (see Figure 3). 

 
Figure 3 Resource reservation in the home network 

The second scenario will cover resource contention detection in that a resource reservation will be 
done when resources are scarce. This scenario will present the end user with a message indicating 
there was a problem when trying to provide Quality of Service. 

A third scenario (depicted in Figure 4) tries to solve the problems encountered in the second scenario 
without user interaction. Based on predefined policies, resources are released to make room for the 
reservation at hand. 
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Figure 4 Resource contention resolution in the home network 

2.2 Interaction of in-home control and management with access network 
While in-home resource reservation can guarantee Quality of Service for services that both originate 
and terminate within the home, services that have an endpoint in the external network may still be 
disturbed by other traffic. The disturbing traffic could be benign, such as a file download, or 
malicious, for example in the form of a Denial of Service attack. The link between the Home and 
Access network is often the link with the smallest bandwidth in the path from an end user through the 
Access network and therefore it is not unlikely that congestion would occur on that link.  

An example of benign traffic disturbing a service could be an end user watching streamed IPTV – with 
resource reservation in-home – and at the same time exchange large amounts of traffic on the Internet. 
The traffic to/from the Internet could cause congestion in the link between home and provider which 
results in packet loss that in turn cause degradation of the video stream (see Figure 5).  

Typically, traffic to and from the Internet is running on the top of the TCP protocol, which has a built-
in congestion control, and generally detects and reacts to the congestion by lowering the transmission 
rate. However, services that use UDP, which lacks built-in congestion control, may be on the rise for 
bulk data delivery (for example PPLive, a popular IPTV streaming service) [2]. 

 
Figure 5 Congestion on the link between Home Gateway and Access Switch 

If resource reservation could be established in both home and access network this problem would be 
solved, at least for services that are within the domain of the provider control & management system. 
The cross-domain resource allocation could be implemented in several ways; two use cases are shown 
in Figure 6 and Figure 7. 
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Figure 6 Using a User Network Interface (UNI) to initialize resource allocation in the access network 

In the case shown in Fig. 6, the Access Network presents a User Network Interface (UNI) that can be 
used by the Home Gateway to request resource reservation in the access network. A resource 
reservation request sent by the television set is terminated by the Home Gateway which in turn 
generates a resource reservation request for the Access network.  The request is sent to the UNI and 
the reservation results are communicated back to the home network control and management system. 

 
Figure 7 Home Gateway is part of the access network and reserves resources as an access network peer 

In the second case (Fig. 7), the Home Gateway takes part in the both the home and access network 
control and management systems. A resource reservation request from the television (using the home 
control and management system) is converted by the Home Gateway to the appropriate format for the 
access network control and management system and is used to reserve resources in the access network. 

These use cases may seem to be very similar but there are some differences: 

·  Scaling The second case introduces a potentially large amount of nodes to the access network 
control and management system. Depending of how this system is designed this may or may 
not be a problem. The UNI on the other hand, depending on where in the network it is placed, 
could be overloaded, to resolve this it should be possible to distribute the load for example by 
placing it in each Access Switch. 

·  Fault handling The first case introduces additional systems to the network (the UNI) which 
might make management more complicated. The second case integrates the Home Gateway 
into the access network control and management system which may simplify troubleshooting.  

Security The second case may be more difficult to make secure since more trust is placed in the Home 
Gateway, which is most often located on customer premises. The Home Gateway takes part in the 
access network control and management traffic which at least would have to be encrypted, making this 
a more complicated solution. If a malicious end-user would take control of a Home Gateway having 
access only to the UNI, this would limit the potential damage compared to the second case, when 
direct access to the control and management traffic would be possible. 
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3 Control & management architecture 

Section 3.1 starts with a general overview of the proposed architecture subsequently followed by 
alternative technologies for each building block. Section 3.2 lists the deployment alternatives and 
finally, the sequence diagrams in section 3.3.2 illustrate the UPnP-QoS interaction with a GMPLS 
access network for resource reservation. 

3.1 Functional building blocks 
In order to be able to accommodate the use cases specified in section 2, the following general 
architecture is suggested. Figure 8 shows which components are needed for implementation. A local 
QoS reservation mechanism together with one in the access network can be used to perform end-to-
end network resource reservation. Coupling of both reservation mechanisms has to take into account 
the following two alternatives. First, the request can be initiated in the home network; in this case the 
reservation in the access network can be triggered by a local QoS reservation mechanism. The second 
possibility is that the request is initiated outside of the home network; a remote management protocol 
can trigger the local QoS reservation mechanism together with the access reservation mechanism 
(alternatively, it can rely on the local QoS reservation mechanism to trigger the access part of the 
request). 

 
Figure 8 Functional building blocks of the suggested architecture 

3.1.1 Local QoS reservation 

3.1.1.1 UPnP-QoS 

Universal Plug and Play (UPnP) is designed to dynamically discover and connect all kinds of devices 
and services in an interoperable manner. It is based on well defined and mature Internet standards such 
as XML, HTTP, TCP/IP, and UDP...  

UPnP-QoS v3 [3] defines a mechanism to perform policy based Quality of Service in that traffic 
streams can be given a so called UserImportanceNumber in order to be able to resolve resource 
contention in the home network. The UserImportanceNumber indicates the relative importance of a 
particular stream and UPnP-QoS will take that value into account when reserving resources. 
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Figure 9 Overview of UPnP-QoS services and interaction between them [16] 

UPnP-QoS defines three additional services that can be generally applied to UPnP-enabled devices. To 
support the policy-based mechanism, it defines a QosPolicyHolder [4] service that can be used to 
define a set of rules concerning end user services. Furthermore a QosManager [5] service is defined 
that is responsible for the end-to-end decomposition of QoS requirements across the home network. 
These two services are completely independent of the networking technologies present in the home 
network. The QosDevice [6] service provides a way for all technology dependent functionality to be 
bundled. It provides a simple interface to get information about and manage QoS on the device the 
QosDevice service is responsible for. 

Three types of QoS are defined in UPnP-QoS v3, first and foremost, the parameterized QoS has been 
added in v3, the prioritized QoS has been available since v1 and the hybrid QoS provides a way to get 
the best of both worlds as prioritized QoS will be used if parameterized QoS isn’t supported. 

Figure 9 shows the interaction between all UPnP-QoS components for a simple QoS request. When a 
UPnP-QoS control point requests QoS through the QosManager service for a stream it is controlling, it 
should provide all the necessary information including information to identify the stream and its QoS 
requirements. 

A distinction is made between the QosManager service, that offers certain functionality to a Control 
Point and the QosManager entity which, in turn, will act as a Control Point towards the 
QosPolicyHolder and QosDevice services on the network to delegate the work to be done. 
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Figure 10 Sequence diagram of QoS request with optional contention resolution (preemption) [15] 

Figure 10 shows the actions called for a UPnP-QoS request. In then case of the prioritized or hybrid 
QoS, the QosPolicyHolder service is queried for the policy parameter TrafficImportanceNumber 
which indicates the relative importance of the traffic in case of the prioritized QoS. The QosManager 
entity will subsequently query all QosDevice services for path information so it can calculate the path 
the stream traverses. To be able to do a QoS requirements decomposition, the QoS state of all 
QosDevice services on the path will be retrieved after which the actual admission will take place. In 
case of failure, a few things can happen depending on the parameters the Control Point (CP) provided. 
The CP can indicate to do pre-emption or to only report which streams on the network are currently 
blocking the reservation of resources. Figure 10 shows what happens when the Control Point specifies 
that the pre-emption has to be done. First of all, the policies for all blocking streams (which were 
returned as a result of the failed QD:AdmitTrafficQos() action) are retrieved from the 
QosPolicyHolder service. Based on the UserImportanceNumber of each of the stream, the Quality of 
Service for the pre-emption candidates is released after which admission is tried once again. 

3.1.1.2 DPWS 

Device Profile for Web Services (DPWS) was designed to fit the resource constrained endpoints into 
Web services architecture. The specification allows interoperability between different resource-
constrained Web services and more flexible client implementations [7]. 

In a sense, DPWS is similar to UPnP. It also defines addressing, discovery, eventing, and description. 
In DPWS the stress is put on the compatibility with the WEB Services. The main disadvantage of 
DPWS compared to UPnP is that UPnP clearly defines the QoS architecture together with the full 
description of particular elements’ functionality, while the DPWS documentation is more device 
oriented, not describing the details of QoS architecture. The lack of clear guidelines could cause 
multiple approaches for QoS provisioning and lead to interoperability issues. That is why, the  
investigation of DPWS as an in-home device control protocol suite has been discontinued. 
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3.1.1.3 Zeroconf 

The name Zeroconf gets used to indicate everything that enables so called “zero-configuration 
networking”. It evolved out of the need addressed by AppleTalk in that it is designed to provide the 
same ease of use as AppleTalk but for a local IP network. It consists of a way to automatically assign 
IP addresses without DHCP server, named IPv4LL, doing DNS queries without a central DNS server, 
named Multicast DNS and a service discovery protocol, named DNS-SD. To this day it doesn’t 
support any QoS related functionality.  

3.1.2 Remote configuration 

While UPnP-QoS provides a way to manage end-to-end QoS in the home network, it doesn’t provide a 
way to be remotely accessed. UPnP-QoS enables the configuration of policy information and overall 
QoS management in the home network. In order to make this possible from outside the home network, 
a remote management protocol should be used. 

3.1.2.1 TR-069 

TR-069 (Technical Report 069) is a Broadband Forum specification that defines the CPE WAN 
Management Protocol (CWMP), an application layer protocol for remote management of end-users 
devices. The protocol is based on SOAP/HTTP. Initially designed for DSL broadband access devices, 
the TR-069 is currently used also to manage other access and home network devices (powerline 
adapters, set-top-boxes, etc). 
The customer premises equipment (CPE) contacts Auto Configuration Servers (ACS) at the boot time 
and then periodically. The ACS provide several management functions (firmware upgrade, 
configuration change, diagnostics), based on TR-069 methods and data models as defined by 
Broadband Forum. 
The TR-098 defines the Internet Gateway Device Data Model for TR-069, which includes all objects 
and variables to manage Internet access parameters, such as DSL/ATM and IP interfaces 
configuration, routing, NAT, etc. Further technical specifications exist for the definition of other data 
models related to different device functionalities. Moreover TR-069 supports the definition of 
proprietary data model objects that can be shared between ACS and CPE to support additional features 
not yet standardized by Broadband Forum. 
To be able to manage UPnP-QoS remotely using TR-069, the standard data model must be enriched 
with proprietary objects to configure the UPnP-QoS required parameters. 

3.1.2.2 SNMP 

Simple Network Management Protocol (SNMP) allows for local information to be managed remotely. 
SNMP agents expose configurable information of the device they reside on through so called 
Management Information Bases (MIB). 

Multiple agents can be managed by multiple Network Management Systems (NMS) by either 
periodically querying for local information using the GET, GETNEXT and/or GETBULK operations 
or by listening for updates sent by the agents using the TRAP or INFORM operations. 

Pieces of information that can be retrieved or configured are called managed objects; an NMS can 
configure such a managed object by using the SET operation. 

A number of MIBs are defined by standardization bodies and other entities. There are MIBs modelling 
the TCP, UDP and IP state of a device and many others. To be able to manage UPnP-QoS remotely 
using SNMP, a UPnP-QoS MIB has to be created. 

Cable Television Laboratories Inc. [11] has included and extended UPnP-QoS in their OpenCable 
Home Networking [12] specification together with remote management of UPnP-QoS. In [13] a MIB 
to remotely configure UPnP-QoS gets defined. 
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3.2 Deployment view 
Figure 11 illustrates how the technologies discussed above can be applied to the scenarios of section 2.  

The different areas should be distinguished. Control and management in the home network is done by 
using UPnP-QoS which is designed to work with heterogeneous home networks. Since the home 
gateway is a device that is supposed to be “always on”, the UPnP-QoS services that should be 
available all the time, namely the QosManager and QosPolicyHolder service should be deployed in the 
home gateway. Furthermore, each device that is capable of offering a form of Quality of Service 
should have an embedded QosDevice service. 

To be able to interact with the QoS in the access network, the home gateway will also implement a 
QosDevice service. This will be used not only to manage its LAN interface, but will also to act as a 
bridge towards the QoS mechanism used in the access network. A request received for its WAN 
interface will result in a request on the access network. 

At last, since the control and management function should be accessible not only from within the 
home network, therefore a remote management protocol should be used to be able to remotely manage 
QoS policies and requests. 

 
Figure 11 - Deployment view of control and management architecture 

3.3 Interworking between home and access networks  

3.3.1 Multiple QoS segments in the home 

This set of use cases follows the interactions such as specified in the UPnP-QoS architecture [3] 
described, for example, in Figure 10. 

3.3.2 Sequence diagrams for interaction with access network (GMPLS RSVP-TE) 

A detailed view on the envisaged interactions between the control/management planes of home and 
access network can be seen in Figure 13 and Figure 13.The figures are based on the two models 
presented in section 2.2, in the first model, the home gateway connects to the access network control 
plane through a UNI and requests resources via this connection,. In the second model, the home 
gateway is part of the access network and may reserve resources directly. In both diagrams some of 
the UPnP-QoS signalling in the home has been omitted for brevity. In these diagrams we assume that 
the resource reservation system in the access network is GMPLS. It uses RSVP-TE for resource 
reservation and has a Path Computation Engine to calculate paths through the network.  
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Figure 12 Sequence diagram for UPnP-QoS interaction with a GMPLS access network using a UNI. 

 

 
Figure 13 Sequence diagram for UPnP-QoS interaction with a GMPLS access network, in this model the home 

gateway is part of the access network. 
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4 UPnP-QoS performance evaluation 

The evaluation of UPnP QoS performance for home networks is a work in progress. This section 
reports on the first results of the evaluation [15], which will be further completed and reported in 
Deliverable D3.8 

4.1 Performance modelling and reservation setup time of UPnP-QoS 
signalling 

In order to assess, in particular, the reservation setup time of the UPnP-QoS signalling, the OPNET 
modelling has been used. This model has been developed in order to evaluate (mainly) the 
parameterized UPnP-QoS Architecture in a simple home network environment, in particular the Setup 
Time required for all the involved devices to accommodate the new request. As the setup procedures 
may differ depending on the priority (understood as UIN - User Importance Number), we investigate 
the influence of the priority on the setup time for variable QoS request rates (we assume here a 
possibility of release of the low priority flows in order to accommodate a higher priority request). At 
the same time, we also analyse Rejection Ratios and Rates for different priorities with a changing rate 
of requests. That is done to investigate the general influence of UIN on the flows treatment during the 
QoS establishment phase [9]. 

The UPnP entities developed for the purpose of the performance evaluation are depicted on Figure 14. 
The model contains all the necessary services/modules of the UPnP-QoS architecture described in 
Section 3 and as such could be used for evaluation of the interaction between the modules required for 
setting up parameterized QoS. The behaviour of all the models is analogical with the documentation in 
UPnP-QoS Architecture v3 [3]. 

 
Figure 14 - Modeled UPnP-QoS architecture 

Figure 15 depicts the interaction between different modules implemented in the model. The upper part 
of the figure presents the interaction for a case when pre-emption is not required. The whole 
interaction diagram shows the message exchange for scenario with pre-emption enabled, where as 
stated before lower priority flow can have prematurely taken the resources in order to allow higher 
priority reservation. 

The modules interaction in modelled environment 

The procedure of establishing traffic QoS (see Figure 15) is initiated by Control Point (CP)'s QoS 
request for a given flow sent to QosManager - QM (1). Flow's basic parameters and resources that are 
requested are contained in the Initial Traffic Description and Resource parameters. This is followed by 
the path determination, based on the source and destination addresses contained in the Initial Traffic 
Descriptor QM determines the devices that need to be configured for incoming traffic (2). Next QM 
requests QosDevices (QD) states by Extended QoS State action (3), in response the QDs provide 
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information about their capabilities and current state (4). Finally, QM can invoke the Admit Traffic 
QoS action (5).  

In case the reservation fails and pre-emption is allowed by the CP, the QM will continue the 
reservation procedure. Another GetExtendedQosState request (6) is used in order to obtain 
information about blocking flows. Once QM has the knowledge about what are the blocking flows it 
contacts QPH to request policies with GetListOfTrafficPolicies message (7). Based on obtained 
policies QM will make a decision regarding possibility of the pre-emption. Next, if possible, QM will 
try to release some resources (8) and admit the newly requested flow again (9). 

Normally pre-emption takes place in the situation when the requested resources though not available 
on one of the network devices, can be freed as they are occupied by the flows that according to the 
traffic policies are of less importance than the newly arriving flow. The specification does not define 
details of pre-emption procedure for multiple candidates for pre-emption [3]. 

 
Figure 15 Interaction diagram for Traffic QoS request with preemption [8] 

Description of the simulations 

For the purpose of the simulation a number of parameters had to be determined. We assume a full 
duplex communication with 100 Mb/s throughput between all the devices in the home network. The 
priority and resources occupied by particular reservations are chosen probabilistically. The interval 
between reservation generations is exponentially distributed with parameterized mean value. The user 
importance number varies from 0 to 999 and for results presentation the priorities are grouped into 10 
classes. One should notice that pre-emption is also possible in class 9 as e.g. flow with UIN 945 can 
force release of flows 944 resources. 
 
First, we considered the most important parameter for signalling performance evaluation in 
parameterized QoS i.e. the setup time. In case this parameter is not sufficiently low the establishment 
of QoS for particular streams might be not suitable for user scenarios considered by ALPHA. The 
values of measured setup time are presented on Figure 16, which shows that the average setup time is 
higher for higher priorities reservations. These results meet the expectations as it is more likely for 
high priority reservation to cause the pre-emption procedure and at the same time prolong the setup 
time. The graph also shows that growing rate of requests for QoS establishment causes extension of 
setup time – one can notice the increase of 50% for low priority flows up to 100% for high priority 
packets. Higher impact on the setup time of high priority flows can be explained by the fact that pre-
emption is more likely to happen for higher message generations rates and mainly affects the higher 
priority traffic flows which cause pre-emption more often [8]. 
In general it is worth noticing that the setup time does not exceed 3,5 ms which is a very good result. It 
is also important to say that these times might differ for real-life application depending on the 
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processing power of the devices involved in the setup (in the modeller the processing delay is not 
considered as this parameter depends very much on particular devices type and design).  

 
Figure 16 Reservation setup time for different priority flows as a function of traffic QoS request message 

generation rate[8] 

Figure 17 presents rejection ratio (measured as a number of reject notification for particular priority over 
total number of notifications received) for different priority flows as a function of request generation 
rate. The results clearly show how increasing the flows priority can lower the probability of the 
rejection of particular request. To obtain results expressing the rejection over time Figure 18 is 
presented, showing the inter-sample rejection rate presenting how often the flows are rejected. For 
uniformly distributed flow priorities once can get the indication of the rejection rates for different 
classes [8]. 
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Figure 17 Rejection ratio for different priority flows as a function of traffic QoS request message generation rate [8] 

 

 
Figure 18 Inter-sample rejection rate for different priority flows as a function of traffic QoS request message 

generation rate [8] 

Summary on the performance of UPnP-QoS signaling 

The results of the performed analysis show that UPnP-QoS Architecture is capable of providing 
different levels of QoS depending on the flows importance - user priority, though one has to be aware 
that higher priority flows have on the average higher setup times. Even if this situation is not desired 
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as usually traffic with higher priorities should be serviced with better quality. One can however argue 
that extension of waiting time that avoids rejections and lowers possible rejection rate is a fair 
solution. This is a reasonable statement especially with the obtained setup time in the range of 
milliseconds.  
UPnP signaling is well defined and performs well even using the simplest – sequential reservation and 
pre-emption approach used during the simulations (meaning no parallel resource management is 
performed). Signaling overhead on the other hand is not an issue for the protocol that is mainly 
intended for private networks where the price of data and volume is usually of no concern. 

4.2 Performance measurement and optimization of UPnP-QoS 
implementation 

In [10] a system to reliably offer a scalable video with QoS to the home is discussed. One of the 
problems discussed is how to implement and optimize UPnP-QoS to ensure the end-to-end Quality of 
Service in the home. 

IBBT has implemented the complete UPnP-QoS v3 framework. The QosManager and 
QosPolicyHolder service have been implemented with all optional actions taken into account. 
Furthermore, for QosDevice service implementations a QosDevice framework has been designed to 
easily implement a QosDevice service for a new networking technology. 

To address the (parameterized) QoS capabilities of a particular layer-2 technology, it needs to expose a 
UPnP QosDevice (QD) service (exposing state information, and a QoS enforcing interface using XML 
descriptions). Since most of the QD logic is independent of the underlying network device, we 
developed a QD software framework that provides an easy interface between the UPnP-QoS layer and 
the network device, hiding all UPnP-QoS and XML. This reduces the implementation effort to deploy 
a new QD to implementing a few Java interfaces, gathering the network state information and 
translating the TSPECs in the (parameterized) QoS requests to the device's L2 capabilities. (This has 
enabled IBBT to provide the first demo of UPnP-QoS v3 with MoCA devices.1) 

4.2.1 Optimizations in implementing UPnP-QoS v3 

Next to the functional verification in several demos, IBBT also analyzed the performance of its proof-
of-concept implementation of UPnP-QoS v3 framework. Figure 19 shows the response time 
measurements of the various UPnP-QoS actions called by the QosManager on each of the 
QosDevices. As expected, the actions involving interaction with the layer-2 access protocols 
QD:AdmitTrafficQos() (ATQ) and QD:ReleaseAdmittedQos() (RAQ) take longer. Also the times for 
parsing the XML data structures for QD:GetPathInformation() (GPI) and QD:GetExtendedQosState() 
(GEQS) are shown: these operations are carried out on the QosManager (QM), and can be non-
negligible for large output arguments produced by the UPnP actions (see GEQS + parsing). 
 

                                                      
1 See http://www.lightreading.com/document.asp?doc_id=180284  
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Figure 19 - Measurements of the UPnP-QoS action response times in the proof-of-concept testbed and parsing 

the output arguments 

A basic implementation of the QM without any optimization will call all UPnP actions on the QD 
services sequentially. Say there are nnet QD services in the home network and npath QD services on the 
path of a particular QoS request. The total time for a sequential implementation of the QoS request can 
be written as ts (assuming successful ATQ calls) in the equation below, summing the times t i

X for each 
action X over QD servicces i. This call of X can be subdivided in the response time respi

X) of the QD 
and processing the answer proci

X) by the QM. 
 

 

 
 
Assuming at least two QDs per layer-2 segment, our measurements (for a single QD) suggest that even 
for reasonably simple home networks (a couple of layer-2 segments) the whole procedure could 
already take a couple of seconds. To cope with user impatience, this can be limited by parallelizing 
each series of QD action X invocations. Note however that the processing of the output results (taking 
times respi

X) still all needs to be done by the QM. We analyzed the performance of each series of QD 
action calls by measuring both response (resp) and processing times (proc) in the test bed, and 
comparing parallel invocation times (tp) with the basic sequential implementation (ts). Results are 
summarized in Figure 20. The relative performance improvement, the gain 1 - tp/ts, is given in Table 
1. This shows that by parallelizing the QD action calls, even for complex home networks (up to 20 
QDs, hence in the order of 5-10 different layer-2 segments) the response times remain within an 
acceptable range. The decrease in response time ranges from roughly 50% to 90% for a large number 
(more than 5) QDs. 
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Figure 20 -Parallelization of the calls to each QoSDevice action keeps the response times of each series of calls 

below 1-2 seconds. 

Number of QosDevice services on the network 
 2 4 6 8 10 15 20 

GEQS 32.46% 48.54% 52.46% 54.84% 55.79% 55.79% 56.10% 
GPS 38.05% 60.80% 67.60% 70.32% 71.71% 73.40% 74.09% 
ATQ 43.39% 69.16% 78.48% 83.41% 86.50% 90.69% 92.88% 
RAQ 45.24% 70.76% 79.80% 84.52% 87.45% 91.40% 93.45% 

Table 1- The parallel execution of QosDevice action calls by a QosManager entity achieves considerable gain 

The performance measurements indicate that processing (esp. parsing) the PathInformation and 
ExtendedQosState output arguments (see GPI and GEQS) can take a relatively long time (i.e. procX 
approaches respX). Thus, a further optimization is caching the PathInformation at the QM, since the 
QDs send this information upon changes (via evented UPnP state variables). Furthermore, if we 
assume that most QoS requests succeed, another optimization can be applied. Indeed, the invocations 
of QD:GetExtendedQosState() and QD:AdmitTrafficQos() are not entirely dependent on one another: 
the QM Entity can already admit QoS on one QD service before having information about another. 
However, these optimizations require more housekeeping in case of failure to admit Quality of Service 
on a particular QosDevice service. A sequential implementation would typically just release all 
previously admitted resources and fail without requesting the resources on the next QosDevice service 
in line. When any of the parallel admissions fail the QM Entity should wait for all QosDevice services 
to return and release each resource that has been admitted successfully before failing, and 
subsequently make extra release calls (RAQ) - which can again be issued in parallel - to each QD 
where ATQ requests succeeded. 
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While sequential implementation will always perform a less than or equal number of ATQ invocations 
than the parallel implementation, the latter's performance in case of failing ATQs is however not 
compromised (since subsequent RAQ calls can be again issued in parallel). 



212352 - ICT ALPHA                                                                        [PUBLIC] D3.6p 
Architectures for fLexible Photonic Home and Access Networks 

Page 26 of 31 

5 UPnP QoS implementation details 

5.1 Mapping UPnP-QoS to lower layer networking technologies 
The UPnP-QoS architecture is designed in a way that all functionality specific to a certain networking 
technology is bundled in a single service, namely the QosDevice service. Multiple instances of such a 
QosDevice service can be present on the network. In general, one can say that there must be a 
QosDevice service for each networking device on the network that is capable of offering Quality of 
Service. These QosDevice service instances will be used by a QosManager entity to retrieve the 
necessary information and interact with the QoS mechanism of that networking technology in a 
generic fashion. 

An implementation of a QosDevice service should always follow the QosDevice v3 specifications [6], 
more specific guidance is given in the QosDevice Addendum [14]. 

5.1.1 Information retrieval 

As a first step of an end-to-end QoS request, the QosManager entity needs to retrieve information 
about the network. It delegates this task through the QD:GetPathInformation() and 
QD:GetExtendedQosState() actions of the QosDevice service. 

QD:GetPathInformation() is used to communicate the reachable MAC addresses on each interface 
together with the MAC address of that interface. It is very important to correctly report this 
information; otherwise the QosManager entity will never invoke the necessary actions for setting up, 
updating and/or releasing QoS. Apart from the MAC address information, that will be used by the 
QosManager entity to calculate a path of QosDevice services, the PathInformation structure also 
encompasses the QosSegmentId each interface is operating on. The QosSegmentId is an identifier of a 
part of the physical network (QoS segment) for which a number of QosDevice services are jointly 
responsible. Within a QoS segment the identifier must be identical, in most cases it will be based on a 
unique item within the QoS segment, e.g. and identifier string of some kind of central QoS coordinator 
on the network. The QosDevice Addendum [14] defines how the QosSegmentId should be formed for 
particular networking technologies. 

QD:GetExtendedQosState() enables a QosManager entity to query the dynamic state of a QosDevice 
service. This action replaces the v2 actions QD:GetQosCapabilities(), QD:GetQosState() and 
QD:GetQosDeviceInfo() and adds functionality. It gets used by the QosManager entity to get 
information about the current state of the network interfaces of a particular device. Information about 
the supported values in the TrafficDescriptor structure provided as input for the actions discussed in 
section 5.1.2, can be retrieved in the form of so called prototypical TSPECs. These prototypical 
TSPECs indicate which range of which parameter can be supported for a given TrafficDescriptor. The 
QosDevice service can also indicate which parameters it deems mandatory. 

QD:GetExtendedQosState() can also be used to get an overview of all running streams. In the 
ListOfAdmittedTraffic structure returned by QD:GetExtendedQosState() information about the current 
QoS admissions is found together with a so called Layer2StreamId which is the unique identifier of 
the stream used by the networking technology. The QosDevice Addendum [14] also defines how 
implementations for particular networking technologies should behave regarding the Layer2StreamId. 

5.1.2 Interaction with QoS mechanism 

Once the QosManager entity has gathered the information to calculate a path and divide the path in 
QoS segments, it will continue to invoke QD:AdmitTrafficQos(), QD:ReleaseAdmittedQos() or 
QD:UpdateAdmittedQos() according to the request the QosManager entity is handling.  

The QosManager will, taking the list of prototypical TSPECs into account, generate one 
TrafficDescriptor per QoS segment that will contain the QoS parameters specific for that QoS 
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segment. Data rate related parameters will be equal across QoS segments while delay related 
parameters will have to be split in QoS segment specific parameters to accommodate the end-to-end 
request. 

Mapping of these QoS parameters is discussed in the QosDevice Addendum [14] for networking 
technologies taken into account when developing the UPnP-QoS v3 specification. 

Furthermore, the QosManager entity will include the information about other QosDevice services on 
the QoS segment by specifying whether or not there are QosDevice services downstream and upstream 
on the path. Some networking technologies require the source/sink to perform the actual QoS 
admission. Based on the information the QosManager entity provides in the request, the QosDevice 
service is aware whether or not it actually should do anything. If it doesn’t have to do anything, it 
should return successfully indicating it is not responsible for the request. 

5.2 Preliminary report on the UPnP QoS implementation by ALPHA 
industrial partners 

The IBBT UPnP QoS implementation mentioned in Section 4.2 is a high level QoS management 
framework with no notion about the underlying networking technology. This section reports on the 
work of ALPHA partners Telsey and Homefibre towards the implementation of QosDevice services 
on their respective hardware for enabling its use with the QoS management framework. 

5.2.1 Telsey 

The first issue to be solved when porting UPnP-QoS functionalities on a commercially available 
Residential Gateway is the need to adapt the implementation to the power processing and the memory 
available on the hardware platform; for instance, a direct porting of the UPnP-QoS services as 
developed by IBBT based on JavaVM is not feasible.  

As a starting point for the implementation of the UPnP-QoS services, libupnp2, the Portable SDK for 
UPnP devices, was ported on the RG. On top of this, all the different UPnP-QoS service have to be 
developed; the language of choice for the implementation of these services was C, as long as is the 
most efficient solution for embedded systems. For the sake of completeness, it is worth to point out 
that this approach is also suitable for the development of UPnP-QoS functionalities also on Linux PCs 
and other systems with different architectures and/or OSs. 

The details of such an implementation can be found in Deliverable 3.5; as stated in the document, the 
development of the functionalities went through an intermediate (or “hybrid”) phase, where just a 
subset of the required functionalities was made available to the RG; see Figure 21. 

                                                      
2libupnp is an open source project available under BSD license 
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Figure 21 - UPnP QOS proposed  solution: partial porting of UPnP services on the RG 

This choice to focus just on a subset of UPnP QoS is linked to the objective to allow end to end 
experiments: this subset includes QD required actions (GetExtendedQosState, GetPathInformation, 
AdmitTrafficQos, ReleaseAdmittedQos) and the portion of UpdateAdmittedQos action required to 
perform the planned testing. The implemented subset is compliant to UPnP QosDevice v3 
specifications. 

Another issue is that, as reported in the ALPHA Technical Annex, the HW platform had to be selected 
among those commercially available. This was an obvious request to focus implementation activities 
on true innovation, on the other hand it had to be accepted that such a commercially available platform 
was not specifically designed for UPnP-QoS. In our case, the RG platform included a module to 
switch LAN-to-LAN traffic at 1Gb/s supporting queuing mechanisms and thus allowing Prioritized 
QoS. Bandwidth reservation was not foreseen on the original platform, but this has had no impact on 
the experimental phase and, of course, on a new dedicated platform could be easily implemented  

The last issue that must be solved when implementing the UPnP functionalities is related to the L2 
queuing mechanisms: such mechanisms are not specified within the standard, but are technology 
specific and thus leaved to the single implementation. 

The QoS reservation mechanism of the QosDevice works as follows: 

·  the RG Switch is capable of handling up to 4 priority queues per each LAN port, with 
decreasing value of priority from queue 1 down to queue 4; the queues are scheduled with 
static priority, therefore a packet in a queue is transmitted only if no packets with higher 
priority are on hold. 

·  the RG can assign each packet to a specific queue accordingly to the IP TOS value and/or 
priority value of 802.1Q tag of the packet 

·  Upon receiving an AdmitTrafficQos request form the QosManager, the QosDevice on the RG 
configures the internal switch chip to give priority to the traffic identified by TOS as specified 
by QD:TrafficImportanceNumber mapping. When all established TrafficQoS requests are 
released, the internal switch chip is configured back to default mode (no QoS support). 
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In conclusion, porting UPnP-QoS functionalities on a RG is feasible also on a commercially available 
gateway accepting the obvious limitations of a platform not specifically designed for UPnP QoS.  

The trade-off between flexibility and speed is actually a design choice: 

·  in the scenario described above, for instance, the switch operates via hardware at L2 and at 
wire speed but with just basic capabilities in terms of QoS functionalities 

·  on the other hand, considering a different scenario where the switching is done via software at 
an higher layer (maybe because this is required by the home network architecture3), it is 
possible to extend the QoS functionalities; this however increases the computational load on 
the Network Processor of the RG, therefore impacting the traffic throughput. 

Undoubtedly, the more suitable solution is to design the Residential Gateway having in mind from the 
start that the device will host UPnP-QoS services and therefore choosing the most appropriate 
components. 

5.2.2 Homefibre 

Homefibre is currently working on improvements to the core UPnP stack and code generator of 
Applied Informatics C++ frameworks (http://www.appinf.com). The used UPnP implementation 
makes heavy use of automatic code generation, and the goal is to automatically generate all required 
UPnP SOAP and GENA (event notification) code from the UPnP-QoS service descriptions and XML 
Schema files. However, the code generated for the UPnP-QoS service interfaces (QosDevice, 
QosManager, QosPolicyHolder) had some shortcomings (it still requires a lot of manual coding, 
especially due to the heavy use of complex, XML Schema based data types in the interfaces), so it was 
decided to improve the UPnP code generator and programming interfaces before continuing with the 
actual QoS implementation. With the planned improvements done, implementing the necessary QoS 
services will be much easier. 

A significant shortcoming of UPnP SOAP is the lack of complex type support for parameters, as 
required by UPnP-QoS. As a result, all complex types are transferred as string arguments, with 
different UPnP service specifications defining their own ways of serializing complex types to strings 
e.g., CSV lists in UPnP AV or XML Schema in UPnP-QoS. Since there’s no mapping from argument 
types to XML Schema types, the possibilities for automatic code generation are somewhat limited – 
serialization and deserialization of complex argument types must be done manually. 

What we anticipate for the future are interoperability issues with other UPnP-QoS implementations, as 
the UPnP-QoS specifications leave enough open issues for those. Also, currently not many devices 
implementing UPnP-QoS are available for testing, so we expect a significant effort for fixing 
interoperability issues later on. 

Part of Homefibre’s work is also the implementation of automatic device and service discovery 
features, as well as the implementation of a protocol for VLAN configuration on smart switches. A 
prototype device and service discovery implementation based on Zeroconf has been completed, along 
with an implementation of the VLAN configuration protocol. 

                                                      
3 for instance, a scenario with the PC client connected via Wi-Fi to the RG 



212352 - ICT ALPHA                                                                        [PUBLIC] D3.6p 
Architectures for fLexible Photonic Home and Access Networks 

Page 30 of 31 

6 Conclusions and future work 

In this Deliverable, we have investigated the architecture and feasibility of a control and management 
framework for both the home and the access network. 

Based on the discussed use cases, architecture has been proposed comprising a number of functional 
building blocks. A local resource reservation system has been combined with a resource reservation 
framework for the access network and a remote management protocol to build an end-to-end control 
and management framework. 

The combination of a home network resource reservation framework (UPnP-QoS) and an access 
network resource reservation mechanism (GMPLS/RSVP-TE) has been investigated. Two models 
have been discussed depending on whether or not the home gateway is considered to be a part of the 
access network. If the home gateway is a part of the access network, it will be responsible to request 
resources on the network by itself, if it is not, it can use a UNI to translate and delegate the resource 
request. Future work concerning this integration will be to consider the interface between both systems 
in greater detail. 

To proof the feasibility of deploying a local resource reservation system (UPnP-QoS), several 
performance simulations have been done. First of all, a theoretical performance of UPnP-QoS 
signalling has been evaluated. In this theoretical model, processing delays have been neglected due to 
the fact that this is highly device dependent. The outcome of these tests is hopeful for further testing. It 
shows that the setup time for a reservation for different priority policies is less than 3.5 milliseconds. 

Using an implementation of UPnP-QoS, more in-depth measurements of UPnP-QoS performance have 
been performed. First of all, the measurement of response times of invocations of actions on 
QosDevice services needed to enable the end-to-end QoS management in the home have been done. 
This has showed that the actions that interact with the underlying networking technology are in 
general much slower than the actions that do not do such interactions. This response time not only 
includes the networking delay, but also the processing delay of the QoS capable devices on the home 
network. Furthermore, to simulate the local processing done by the QoS management framework, the 
parsing times of the output arguments of the different actions involved in setting up QoS are 
measured. This shows that a rather high amount of time is spent on parsing output arguments, which is 
necessary for further processing. The sum of response time and parsing time for a single action is more 
or less 300 milliseconds. 

Using the conclusion that querying a single QoS capable device can be cumbersome on its own, and 
the fact that a typical home network may be constructed of several networking segment, each 
consisting of one or more QoS capable devices that need to be queried, optimizations in implementing 
UPnP-QoS have been discussed. Not all actions of the QosDevice services are inter-dependent, which 
means that the invocations can be done in parallel. Of course, this requires more complex setup 
procedures to be done in the QoS management framework itself. Simulations of both the sequential 
approach and the parallel approach have shown that even for a small network, the overall response 
time becomes unacceptable for the sequential approach. Using the parallel approach, the invocations 
interacting with the underlying networking technology perform very well - no penalty is seen for an 
addition of extra QosDevice services in the network. However, calls to the query actions that do not 
communicate with the underlying networking technology experience a slight penalty. This can be 
explained by noticing that all processing needs to be done sequentially at the QoS management 
framework itself, so only the actual invocations are in parallel. 

Further work will be done to assess the performance of an actual QoS reservation. On the one hand, 
performance measurements need to be performed on a complete QoS request in different scenarios. 
On the other hand, validating performance measurements have to be done to ensure performance on 
real life implementations. 

Furthermore, a preliminary report of real-life implementations lists a number of issues that arose 
during the implementation of the solution by the ALPHA industrial partners.  
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Further work on the performance evaluation and implementation of control & management mechanics 
in in-building networks will be reported in Deliverable D3.8, including further UPnP QoS 
performance measurements, further details on the interworking between home and access network and 
on the implementations of the solutions by the ALPHA industrial partners.  

 


