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Foreword
This Technical Report has been produced by the 3GPP.

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of this TR, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version 3.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
Indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the specification;

Introduction

The Quality of Experience and Quality of Service are important factors when introducing the services to the customers. When 3G is ready to be launched to the mass market, several mobile telecommunication multimedia services will be introduced for the general public. A high quality experienced by the user of 3G is essential in order to promote the idea of 3G as a global all-purpose communication tool for millions of people with mass terminal equipment.

A possibility to use multimedia services via 3G in a practical and reliable manner is even more important in the near future than today. There is also a tendency that a larger amount of traffic is taking place between mobile terminals, i.e. traffic within 3G networks and between 3G networks and other networks. This gives more importance to service quality requirements.
End-to-end multimedia service performance metrics is proposed to make it possible for operators, device provider and service providers more convenient to evaluate their service quality. More details are listed as follow:
-
Make it clear that what performance features end users care the most.
-
Mapping between QoE and QoS are specified clearly so as to improve the service quality. 

In this report a top-down approach is used to illustrate the framework of whole metrics.

It’s proposed this report to give metrics of the end-to-end multimedia service performance on 3G network which includes PSS, PSC, video telephony, MBMS and IMS services, etc.

The QoE parameters are taken from the user’s point of view from the end-to-end prospect. Further more, they can be measured and quantified. The definitions of QoE parameters are classified by the type of services.

The QoS parameters are some general metrics close to the network status, and defined rather from the viewpoint of the service provider than the service user. The QoS parameters are the inherent attributes of the networks, which are important in guaranteeing the QoE requirements of the users. 

In annex, PSS is taken as an example. Several general models in different part of network are given. A mapping of the QoE and QoS is given in mathematics approach, which defines a dimensioned relationship between user experiences and lower tiers of network performance.
1
Scope

This Technical Report (TR) describes and defines the performance metrics for popular multimedia services in 3G networks, including packed-switched streaming service(PSS), multimedia broadcast/ multicast service (MBMS), packet-switched conversational service(PSC), video telephony and IP multimedia service (IMS). The TR has a top-down approach, which starts with the user service performance indicators, and then provides the QoE and QoS parameters and mapping among these performance metrics of different layers.

2
Normative references

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies.

-
A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same number.

[1]
3GPP TS 23.107:" Technical Specification Group Services and System Aspects; Quality of Service (QoS) concept and architecture ".

[2]
3GPP TS 23.207:" Technical Specification Group Services and System Aspects; End-to-end Quality of Service (QoS) concept and architecture”.
[3]
ETSI TS 102 250-2: " Speech Processing, Transmission and Quality Aspects (STQ);QoS aspects for popular services in GSM and 3G networks;Part 2: Definition of Quality of Service parameters and their computation"
[4]                        RFC 3133: "Terminology for Frame Relay Benchmarking".
3
Definitions and abbreviations

3.1
Definitions
3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

QoS
Quality of Service
QoE
Quality of Experience
MBMS
Multimedia Broadcast /Multicast Service

IMS
IP Multimedia Subsystem
PSS                     Packed-switched streaming service 

PSC                    Packet-switched conversational service         

VT                      Video Telephony
4
General

User Service Performance Indicators: indicate the performance metrics directly from the end service user’s point of view. These parameters can be required or reported by the common users, disregarding the measurability. 
Generally, service requirements are set in line with user service performance indicators, which can hardly present the requirements for the service provider directly. Thus, it is also necessary to map them to QoE and QoS parameters, which provide the methods for the service providers to guarantee the service quality.
Quality of Experience

QoE is generally used to specify perspective and services’ availability considered by end users. Going with service incensement, it’s import for an operator to measure a network’s QoE accurately and improve it further to achieve customer loyalty and maintain competitive edge. 

QoE is measurable, it can be qualified exactly by several digital parameters ,which is different from the user service performance indicators.

Quality of Service 

Quality of service is defined in ITU-T Recommendation E.800 as the collective effect of service performances which determines the satisfaction of a user of a service. It is characterised by the combined aspects of performance factors applicable to all services, such as:

-
service support performance;

-
service operability performance;

-
service accessibility performance; 

-
service retainability performance;

-
service integrity performance;

-
service security performance;

4.1
User Service Performance Indicators Basics

From the user perspective, the service performance indicators cannot be defined only according to researcher’s experience. It should be acquired by user investigation as well as experience: 

1. Users are kept unknown about any indicators. They provide the performance indicators only with their feeling and experience.
2. With some classic indicators, users make decision to choose some of them as the necessary indicators.

Service performance is characterized by the following aspects:
If defined user performance indicators match service requirement, they can be parameters mapping QoE and QoS. Services’ encoding and decoding should support specification of QoE and QoS parameters. The above job has close relationship with specifying performance of video encoding and decoding, The service requirement can be carried out only when the performance of encoding and decoding are exactly specified, and then the performance of encoding and decoding will be mapped with service performance indicator.

In detail, user service performance indicators include items as follow :

-
service setup delay

-
re-buffering duration

-
end to end delay

-
corruption duration

-
mean time between corruption
-
content quality(e.g. digital TV-like quality, analog TV-like quality, DSL-like video conference quality ISDN-like video conference quality etc.)

-
lip sync

-
service availability

The common user’s requirements to different services are collected and classified as our user service performance indicators, disregarding the measurability.
Users have different requirements for different services. So the performance indicators for service analysis vary with the types of services, methods of delivery and points of monitoring. 
Figure 1 shows the model.
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Figure 1: User service performance indicators

4.2
QoE Parameters Basics

The user service performance indicators do not consider the measurability, which are difficult to quantify. Then there defined the QoE parameters, also from the viewpoint of the end user. The QoE parameters are from the end-to-end prospect, and can be measured and quantified. 

The QoE parameters depend on the type of service, so they are given for different services respectively. 
Figure 2 shows the model.
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Figure 2: User service performance indicators and QoE parameters

4.3
QoS Parameters Basics

Some QoS values that the user experiences are dependent on the application used.

The quality of a service the user perceives is influenced by the network as well as by the terminal equipment. As the intelligence and complexity of an application used in UMTS increases,  application performance becomes an important factor in determining the quality perceived by the user. Within this report, the identified parameters for data transmission do not include the influence by the terminal equipment and used application.

The services are the applications running on the common bearers. So it is crucial to provide the QoS parameters of the network infrastructure. The QoS parameters are some general metrics close to the network status, and defined rather from the viewpoint of the service provider than the service user. 
The QoS parameters are classified to five classes horizontally as shown in Figure 3, and each class also has three layers vertically depending on the protocol layers of the network. 
Figure 4 presents the model. 
Remark: the network entities in the core network can be remarked as servers. 

[image: image4.emf]CN

UTRAN

/GERAN 

UE

IP neworks

Server

Client

Radio 

access

Server

Wireless

Transport

Wired

Transport

Server


Figure 3: Five classes’ scopes

· The first layer is the application, where the QoS parameters are pointed out from application layer.

· The second layer is the transport, where the QoS parameters here are point out from transport network.

· The third layer consists of network, data link and physical layer.
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Figure 4: User service performance indicators, QoE and QoS parameters

5
User Service Performance Indicators
The parameters and values in the following sections are necessary for the support of UMTS.

Furthermore, for mobile communication systems, network performance  parameter values also depend on dependability factors (essentially, availability factors) expressed in terms of time availability (% of the time) and radio coverage availability (% of the radio coverage)

Service-specific quality of service parameters may include, for the telephony service as an example, speech quality, level of background noise, level of echo, delay, etc.. Section 5  provides indicative values calibrating the parameters using the following arguments:

-
95% probability;

-
mean;

-
target value;

-
least acceptable value (LAV).

This forms the basis of candidate material for standardisation, and must be aligned with the work of the ITU-T.

5.1 PSS
5.2
MBMS

5.3
PSC
5.4
Video Telephony

5.5
IMS
6
QoE parameters of different services

6.1
PSS
We get the parameters directly from the user service performance indicators. The process is showed in figure 5 below.
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Figure 5: The QoE parameters of streaming from user service performance indicators
6.1.1
Service non- Accessibility
6.1.1.1
Abstract Definition
The parameter Streaming Service Non-Accessibility describes the probability that the first data packet of the stream cannot be received by the UE when requested by the user. The "packet reception" is completed by appearance of the "buffering" message on the player at user side.

The first data packet refers to RTP protocol.
6.1.1.2
Equation
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6.1.1.3
Trigger Point
	Event from abstract equation

	Trigger point from customer’s point of view
	Technical description / protocol part

	Service access attempt
	Start: Stream request
	Start: RTSP: Setup

	Successful attempt
	Stop: "Buffering" message
	Stop: Reception of first data packet

	Unsuccessful attempt
	Stop trigger point not reached.


Remark:

The main unavailable causes are:
1) Radio access is blocked or failed
2) Transport network is busy or failed
3) Some server is busy or failed

This parameter also depends on the connecting time limitation of the client.
6.1.2
Initial Connection time

6.1.3
Initial buffering time

6.1.4
Rebuffering frequency

6.1.4
Rebuffering time

6.1.6
Audio Quality

6.1.7
Video Quality

6.1.8
Video/Audio synchronization error frequency

6.1.9
Video/Audio synchronization time

6.1.10
Service failure ratio

6.2
MBMS

6.3
PSC
6.4
Video Telephony

6.5
IMS

7
General QoS Parameters
Different layer has different QoS parameters according to different protocols. We classify the QoS parameters according to the layers first.

And different network structure has different affection on QoS parameters. Then we pick out some QoS parameters that we think important enough for the five classes network structures mentioned in section 6.

7.1
QoS Parameters of each layer
We pick out some parameters according to protocol layers and give the definitions of each parameter. Most of the definitions are cited from documents of standards.
7.1.1
Application
7.1.1.1
Frame size

7.1.1.2
Frame rate

7.1.1.3
Frame loss ratio

7.1.1.4
Frame error ratio

7.1.1.5
Transaction rate

7.1.1.6
Transaction delay

7.1.2
Transport

7.1.2.1
Bandwidth

7.1.2.1
Transfer delay

7.1.2.3
Jitter

7.1.2.4
Packet loss ratio

7.1.2.5
Packet error ratio

7.1.3
Under Transport

7.1.3.1
Frame loss ratio

The frame loss ratio is a ratio of successful frame receptions to attempted frame transmissions at the committed information rate, in one direction of a single virtual connection.  Attempted frame transmissions are referred to as Frames Offered.  Successfully delivered frames are referred to as Frames Delivered. [4]
7.1.3.2
Frame error ratio
The frame error ratio is the number of received frames that contain an error in the frame payload divided by the total number of transmitted frames in one direction of a single virtual connection. [IETF: rfc3133]

7.1.3.3
Frame discard ratio
Definition: The number of received frames that are discarded because of a frame error divided by the total number of transmitted frames in one direction of a single virtual connection.  Frame errors are defined as follows:

   1) frames that are too long or too short,

   2) frames that are not a multiple of 8 bits in length,

   3) frames with an invalid or unrecognized DLCI,

   4) frames with an abort sequence,

   5) frames with improper flag delimitation,

   6) frames that fail FCS.
 [4]
7.1.3.4
Residual bit ratio
Definition: Indicates the undetected bit error ratio in the delivered SDUs. If no error detection is requested, Residual bit error ratio indicates the bit error ratio in the delivered SDUs. [3GPP]
7.1.3.5
Base station power

7.1.3.6
Access delay

7.1.3.7
Block ratio

7.1.3.8
Soft handoff rate

7.2
QoS Parameters of each class
We pick out some QoS parameters that we think important enough for the five classes as table 1.

	class
	QoS parameters

	Client
	1) Frame size
2) Frame rate

3) Frame loss ratio
4) Frame error ratio

	Radio access network
	1) Bandwidth
2) Base station power

3) Access delay

4) Soft handoff rate

5) Block ratio

	Wireless transport network
	1) Bandwidth

2) Transfer delay

3) Jitter

4) Packet loss ratio

5) Packet error ratio

6) Frame loss ratio

7) Frame error ratio

8) Frame discard ratio
9) Residual bit error ratio

	Wired transport network
	1) Bandwidth

2) Transfer delay

3) Jitter

4) Packet loss ratio

5) Packet error ratio

6) Frame loss ratio

7) Frame error ratio

8) Frame discard ratio
9) Residual bit error ratio

	Server
	1) Transaction rate

2) Transaction delay


Table 1: QoS parameters of each class

8
Mapping of QoE and Qos
8.1
PSS
The main servers that streaming involves are SGSN, GGSN, HLR, VLR, AuC, web servers and media servers, so we list these servers in the table below.

	        QoE

QoS
	Service non-availability
	Initial connection time
	Initial buffering time
	Rebuffering frequency
	Rebuffering time
	Audio quality
	Video quality
	Audio/video synchronization error frequency
	Audio/video synchronization error time
	Service failure ratio

	codecs
	application
	Frame rate
	
	
	√
	√
	√
	√
	√
	√
	√
	

	
	
	Frame size
	√
	√
	√
	√
	√
	√
	√
	
	
	

	
	
	Frame loss ratio,
	
	
	√
	√
	√
	√
	√
	√
	√
	

	
	
	Frame error ratio
	
	
	√
	√
	√
	√
	√
	√
	√
	

	
	Transports
	
	
	
	
	
	
	
	
	
	
	

	
	Under transports
	
	
	
	
	
	
	
	
	
	
	

	Radio access network
	application
	
	
	
	
	
	
	
	
	
	
	

	
	Transports
	Bandwidth
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	Under transports
	Base station power
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	
	Access delay
	
	√
	
	
	√
	√
	√
	√
	√
	

	
	
	Block ratio
	√
	
	
	
	
	
	
	
	
	√

	
	
	Soft handoff rate
	
	√
	√
	√
	√
	√
	√
	√
	√
	

	Wireless transport

Network
	application
	
	
	
	
	
	
	
	
	
	
	

	
	Transports
	Bandwidth
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	
	Transfer Delay
	
	√
	
	
	
	√
	√
	√
	√
	√

	
	
	Jitter
	
	
	
	√
	√
	√
	√
	√
	√
	

	
	
	Packet loss ratio
	
	
	
	
	
	√
	√
	√
	√
	

	
	Under transports
	Frame loss ratio, Frame error ratio, Frame discard ratio,Residual bit error ratio 
	
	
	
	
	
	√
	√
	√
	√
	

	Wired transport

Network
	application
	
	
	
	
	
	
	
	
	
	
	

	
	Transports
	Bandwidth
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	
	Transfer Delay
	
	√
	
	
	
	√
	√
	√
	√
	√

	
	
	Jitter
	
	
	
	√
	√
	√
	√
	√
	√
	

	
	
	Packet loss ratio
	
	
	
	
	
	√
	√
	√
	√
	

	
	Under transports
	Frame loss ratio, Frame error ratio, Frame discard ratio,Residual bit error ratio 
	
	
	
	
	
	√
	√
	√
	√
	

	server
	application
	SGSN
	Transaction rate
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	
	
	Transaction delay
	
	√
	√
	
	
	√
	√
	√
	√
	

	
	
	GGSN
	Transaction rate
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	
	
	Transaction delay
	
	√
	√
	
	
	√
	√
	√
	√
	

	
	
	HLR
	Transaction rate
	√
	√
	
	
	
	
	
	
	
	

	
	
	
	Transaction delay
	
	√
	
	
	
	
	
	
	
	

	
	
	ALR
	Transaction rate
	√
	√
	
	
	
	
	
	
	
	

	
	
	
	Transaction delay
	
	√
	
	
	
	
	
	
	
	

	
	
	AuC
	Transaction rate
	√
	√
	
	
	
	
	
	
	
	

	
	
	
	Transaction delay
	
	√
	
	
	
	
	
	
	
	

	
	
	Web server
	Transaction rate
	√
	√
	
	
	
	
	
	
	
	

	
	
	
	Transaction delay
	
	√
	
	
	
	
	
	
	
	

	
	
	Media server
	Transaction rate
	
	
	√
	√
	√
	√
	√
	√
	√
	√

	
	
	
	Transaction delay
	
	
	√
	
	
	√
	√
	√
	√
	

	
	Transports
	
	
	
	
	
	
	
	
	
	
	

	
	Under transports
	
	
	
	
	
	
	
	
	
	
	


Table 2: the QoE and QoS parameters mapping of streaming

8.2
MBMS

8.3
Video Conference

8.4
Video Telephony

8.5
IMS
Annex A:
See the TD “PSS Performance Analysis”
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