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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (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 the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater 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 document.

Introduction

The introduction of Key Quality Indicators (KQIs), which reflect the end-to-end service performance and quality, could be used to better represent real customer experience. NGMN NGCOR has defined principles for KQIs which could be used to evaluate the customer experience for fixed and mobile networks. It is proposed that SA5 takes the responsibility to study how to standardize the related service KQIs providing a standardised common base for end-to-end measurements and to fulfil the NGCOR requirements. KQIs have also been defined  by ETSI (TS 102.250), 3GPP SA4 (TR 26.944), NGMN (P-SERQU), TMF (GB923, GB962) and QuEST Forum and shall also be considered.
The intention of KQI for the service experience is to try to reflect the customer experience with indicators reflecting them for example how many stalls occur while watching a movie, time delay before seeing the first screen of a movie. With this information, KQI could closely reflect the customer experience. The KPIs defined in the current specifications, e.g. 3GPP TS 32.450, are not differentiated by services, they only measure the bearer.
1
Scope

 The present document will address:

1. Service KQI scenarios  
2. Service KQIs corresponding to the identified scenarios
3. Measurement points for the KQIs in the 3GPP network 
KQIs will be described for the below services:
· Bidirectional voice 
· Unidirectional voice streaming

· Bidirectional video call

· Unidirectional video streaming

· Short Messaging
· Multimedia Messaging
· Web browsing
· File transfer

· E-mail

Editor's note: References to definitions of the above listed services are to be added.

The present document will consider already defined metrics and requirements from:

· NGMN NGCOR phase 2 requirements 

· ETSI TS 102.250
· 3GPP TR 26.944
· NGMN P-SERQU
· TMF GB923 and GB962

· QuEST Forum TL9000
2
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3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

3.2
Symbols

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

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

AQ-KPI

Application Quality Key Performance Indicator

TT



Technical Trigger
UT



User Trigger

4
KQI Standardization Status
 This clause provides an overview of the KQI Standardization Status in the listed SDOs.
4.1 
Web browsing

4.1.1
Web Browsing Accessibility 
4.1.1.1
QuEST Forum

Introduction to QuEST Forum and its work related to KQIs:

QuEST Forum is a global association that through its members develops and implements quality and performance practices that unite and improve the ICT industry.
General information about QuEST Forum, its Vision, Mission, Strategic objectives and Value proposition can be found on the following page: http://www.questforum.org/about-us/quest-forum-overview/ 

The so-called AQ-KPIs (Application Quality KPIs) in QuEST Forum correspond to what is called KQIs in this study.

QuEST Forum AQ-KPIs are totally focused on the end user experience, by means of referring to key events on the user’s screen or loudspeaker or by the user’s own actions. They separate the services experience into clearly defined phases giving the boundaries of the KPI’s definitions. Therefore they are future-proof, as they can be reused for different technology implementations only impacting the technical triggers. 

Legend for the different symbols used in the formulas:

· "->" in UT and TT:  "X->Y" means "From X to Y";

· “#” means “number of”;

· “÷” and “/” mean “divided by”;

· “%” means “percentage of”, i.e. a value between 0 and 1.

All quoted definitions are shown exactly as they appear in the source document.

	Name
	Definition
	Details

	"AQ-KPI Web Browsing Accessibility"
	"Ratio of successful HTTP request-response pairs and the total number of web page access attempts."
	Formula: 

"Web_Sucessful_Starts ÷ Web_Attempted_Starts".

UT: "User request -> User sees the first content".

TT: "First GET -> First data received or cached data acknowledged".

	
	
	


4.1.1.2
ETSI

Section 6.8 – Web Browsing (HTTP) - of ETSI TS 102 250 [6] contains the definitions for mobile Web browsing QoS parameters, they are marked with the reference [6] below.

Section 6.8 – Web Browsing (HTTP) - of ETSI TS 102 250 [8] contains the definitions for mobile Web browsing QoS parameters, they are marked with the reference [8] below.

Editor’s note: the two different versions of ETSI TS 102 250 used may lead to differences as the Section 6.8 has undergone changes between the two versions referred.
	Name
	Definition
	Details

	"HTTP IP-ServiceAccess-FailureRatio [%]" [6]
	"The IP-service access ratio denotes the probability that a subscriber cannot establish a TCP/IP connection to the server of a service successfully."
	

	HTTP Service Non-Accessibility [%]
[8]
	The service non-accessibility ratio denotes the probability that a subscriber cannot establish a PDP context and access the service successfully.
	= (unsuccessful attempts to reach the point when content is received / all attempts to reach the point when content is received) * 100

	HTTP IP-Service Access Failure ratio [%]  [8]
	The IP-service access ratio denotes the probability that a subscriber cannot establish a TCP/IP connection to the server of a service successfully.
	= (unsuccessful attempts to establish an IP connection to the server / all attempts to establish an IP connection to the server) * 100


4.1.1.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.1.1.4
TM Forum

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.1.2
Web Browsing Retainability 
4.1.2.1
QuEST Forum

	Name
	Definition
	Details

	"Web Browsing Retainability"
	"Measured as the ratio between the successful resource downloads and the total resource download attempts."
	Formula:

"Web_Successful_Resources ÷ Web_Attempted_Resources".

UT: "User sees the first content -> User sees the last content or stops downloading".

TT: "First data received or cached data acknowledged -> Last data received or cached data acknowledged".

	
	
	


4.1.2.2
ETSI

	Name
	Definition
	Details

	"HTTP Data Transfer Cut off Ratio" [6]
	"The data transfer cut-off ratio is the proportion of incomplete data transfers and data transfers that were started successfully. Start Method A: Reception of the first data packet containing content. Start Method B: Sending of the first GET command."
	

	"HTTP Session Failure Ratio" [6]
	"The completed session ratio is the proportion of uncompleted sessions and sessions that were started successfully."
	

	HTTP Data Transfer Cut-off Ratio [%]  [8]
	The data transfer cut-off ratio is the proportion of incomplete data transfers and data transfers that were started successfully.
	= (incomplete data transfers / successfully started data transfers) * 100

	HTTP Session Failure Ratio [%]
[8]
	The completed session ratio is the proportion of uncompleted sessions and sessions that were started successfully.
	= (uncompleted sessions / successfully started sessions) * 100

	HTTP Mean Data Rate [kbit/s]  [8]
	After a data link has been successfully established, this parameter describes the average data transfer rate measured throughout the entire connect time to the service. The data transfer shall be successfully terminated. The prerequisite for this parameter is network and service access.
	= user data transferred / (t data transfer complete - t data transfer start)

	
	
	


4.1.2.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.1.2.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.1.3
Web Browsing Access Time 
4.1.3.1
QuEST Forum

	Name
	Definition
	Details

	"Web Access Time"
	"Measured for the 1st request-response pair belonging to a webpage: latency between first protocol request and first response."
	Formula:

"Average of Timestamp Of (Web Successful Start) – Timestamp Of (Web Attempted Start)".

UT: "User request -> User sees the first content".

TT: "Network Access request/DNS Query/SYN/First GET -> First data received or cached data acknowledged".

Note: "Network Access request/DNS Query/SYN/First GET” means four different trigger points and the first one of these that occurs is used in the measurement.

	
	
	


4.1.3.2
ETSI

	Name
	Definition
	Details

	"HTTP IP Service Setup Time" 
[6] 
	"The IP-service setup time is the time period needed to establish a TCP/IP connection to the server of a service, from sending the initial query to a server to the point of time when the content is sent or received. Stop Method A: Reception of the first data packet containing content. Stop Method B: Sending of the first GET command."
	

	HTTP Setup Time [s]  [8]
	The setup time describes the time period needed to access the service successfully, from starting the dial-up connection to the point of time when the content is sent or received.
	= (t service access successful - t service access start)

	
	
	


4.1.3.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.1.3.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.1.4
Web Browsing Download Time 
4.1.4.1
QuEST Forum

	Name
	Definition
	Details

	"Web Browsing Download Time"
	"Measured as the download time of resources belonging to a web page."
	Formula:

- (Not standardized, i.e. proprietary)
UT: "User sees the first content -> User sees the last content or stops downloading".

TT: "First data received or cached data acknowledged -> Last data received or cached data acknowledged".

	
	
	


4.1.4.2
ETSI

	Name
	Definition
	Details

	"HTTP Session Time" [6]
	"The session time is the time period needed to successfully complete a PS data session."
	

	HTTP Session Time [s]  [8]
	The session time is the time period needed to successfully complete a PS data session.
	= (t session end - t session start)


4.1.4.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.1.4.4
TM Forum

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2

Unidirectional video streaming

4.2.1
Video Accessibility 
4.2.1.1
QuEST Forum

	Name
	Definition
	Details

	"Video Accessibility"
	"Measured as ratio between the number of HTTP requests and successful responses when the user starts downloading a video."
	Formula:

"Started÷Attempted".

UT: "User request -> User sees the first content".

TT: "First GET -> Initial Buffer Full".

	
	
	


4.2.1.2
ETSI 

	Name
	Definition
	Details

	"Service Request Success Rate" [7]
	"This KPI describes the ratio of the number of successfully performed service request procedures by UE to the number of attempted service request procedures by UE and is used to evaluate service accessibility provided by EPS and network performance."
	

	"Streaming Service Non Accessibility" [6]
	"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."
	


4.2.1.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.1.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.2
Video Retainability 
4.2.2.1
QuEST Forum

	Name
	Definition
	Details

	None
	
	QuEST Forum decided not to standardize this due to customer behaviour (rarely viewing a video to the full end, causing a poor retainability KPI)

	
	
	


4.2.2.2
ETSI

	Name
	Definition
	Details

	"Streaming Reproduction Cut off Ratio" [6]
	"The parameter Streaming Reproduction Cut-off Ratio describes the probability that a successfully started stream reproduction is ended by a cause other than the intentional termination by the user."
	

	
	
	


4.2.2.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.2.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.3
Video initial buffering time
4.2.3.1
QuEST Forum

	Name
	Definition
	Details

	"Video Access Time"
	"Measures from the request to start of the video (e.g. pushing the button on the handset), until the default media stream is presented on the screen."
	Formula:

"TimeStarted-TimeAttempted".

UT: "User request -> User sees the first content".

TT: "Network Access request/DNS Query/SYN/First GET -> Last data received".

Note: "Network Access request/DNS Query/SYN/First GET” means four different trigger points and the first one of these that occurs is used in the measurement.

	
	
	


4.2.3.2
ETSI

	Name
	Definition
	Details

	"Streaming Service Access Time" [6]
	"The parameter Streaming Service Access Time describes the duration of a service access from requesting the stream at the portal until the reception of the first stream data packet at the UE. The first data packet refers to RTP protocol."
	

	
	
	


4.2.3.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.3.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.4
Video Freeze Rate

4.2.4.1
QuEST Forum

	Name
	Definition
	Details

	"Video Freeze Rate"
	"Measured by comparing the media timestamp to the actual transport packet timestamp. Number and duration of media freezes estimated."
	Formula:

"Freeze_Count / Media_Time".

UT: "User sees the first content -> User sees the last content or stops playing".

TT: "Initial Buffer Full -> Last data received".

	
	
	


4.2.4.2
ETSI

	Name
	Definition
	Details

	"Streaming Rebuffering Failure Ratio" [6]
	"The parameter Rebuffering Failure Ratio describes the probability that a stream goes into rebuffering mode and does not restart the stream reproduction, afterwards."
	

	
	
	


4.2.4.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.4.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.5
Video stall time ratio 
4.2.5.1
QuEST Forum

	Name
	Definition
	Details

	"Video Freeze Time Ratio"
	"Measured by comparing the media timestamp to the actual transport packet timestamp. Total length of freezes per viewing time estimated."
	Formula:

"Sum_of_Freeze_Times/Media_Time".

UT: "User sees the first content -> User sees the last content or stops playing".

TT: "Initial Buffer Full-> Last data received".

	
	
	


4.2.5.2
ETSI

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.5.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.5.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.2.6
Video Quality 
4.2.6.1
QuEST Forum

	Name
	Definition
	Details

	TBD, waiting for ITU-T standard to be ready.
	"Video Quality: Estimated Mean Opinion Score (1..5)."
	"To Be Based on ITU-T MOS model / P.NATS algorithm".

UT: "User sees the first content -> User sees the last content or stops playing".

TT: "Initial Buffer Full -> Last data received".

	
	
	


4.2.6.2
ETSI

	Name
	Definition
	Details

	"Streaming Video Quality" [6]
	"The parameter Streaming Video Quality measures the quality of the video stream."
	

	"Streaming Audio Quality" [6]
	"The parameter Streaming Audio Quality describes the audio quality as perceived by the end-user."
	


4.2.6.3
NGMN

All of the metrics analysed in NGMN Technical Report Service Quality Definition and Measurement (P-SERQU) [9] define same quality indicator, i.e. video quality, and just represent different methods of identifying of calculating the KQI.

	Name
	Definition
	Details

	Peak Signal to Noise Ratio (PSNR)
	PSNR is introduced in section 5.1.1 of NGMN P-SERQU [x]. It uses Mean Square Error method to assess the quality of the video.   


	Details of PSNR calculation can be found in appendix 9.1 of [x].

	Structural Similarity (SSIM)
	SSIM is introduced in section 5.1.2 of NGMN P-SERQU [x]. It relies on degradation of key artifacts of the video to take into account real human perception.
	Details of SSIM can be found in appendix 9.2 of [x].



	Video Quality Metric (VQM)
	Video Quality Metric (VQM) is introduced in section 5.1.3 of NGMN P-SERQU [x]. It uses reduced-reference metrics that utilizes features extracted from spatial-temporal regions of the video sequence.  
	Details of Video Quality Metric (VQM) can be found in appendix 9.3 of [x].

	Objective Perceptual Multimedia Video Quality Measurement (VQUAD)
	Objective Perceptual Multimedia Video Quality Measurement (VQUAD) is introduced in section 5.1.4 of NGMN P-SERQU [x]. It uses full-reference metrics and has better robustness for new codecs and less dependency on video types. 
	Details of Objective Perceptual Multimedia Video Quality Measurement (VQUAD) can be found in appendix 9.4 of [x].


4.2.6.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.3
File transfer


4.3.1
File Transfer Accessibility 
4.3.1.1
QuEST Forum

	Name
	Definition
	Details

	None
	
	

	
	
	


4.3.1.2
ETSI

	Name
	Definition
	Details

	"FTP IP Service Access Failure Ratio" [6]
	"The IP-service access ratio denotes the probability that a subscriber cannot establish a TCP/IP connection to the server of a service successfully."
	

	
	
	


4.3.1.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.3.1.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.3.2
File Transfer Retainability 
4.3.2.1
QuEST Forum

	Name
	Definition
	Details

	None
	
	

	
	
	


4.3.2.2
ETSI

	Name
	Definition
	Details

	"FTP Data Transfer Cut off Ratio" [6]
	"The data transfer cut-off ratio is the proportion of incomplete data transfers and data transfers that were started successfully."
	

	
	
	


4.3.2.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.3.2.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.3.3
File Transfer Access Time 
4.3.3.1
QuEST Forum

	Name
	Definition
	Details

	None
	
	

	
	
	


4.3.3.2
ETSI

	Name
	Definition
	Details

	"FTP IP Service Setup Time" [6]
	"The IP-service setup time is the time period needed to establish a TCP/IP connection to the server of a service, from sending the initial query to a server to the point of time when the content is sent or received."
	

	
	
	


4.3.3.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.3.3.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.3.4
File Transfer Throughput
4.3.4.1
QuEST Forum

	Name
	Definition
	Details

	None
	
	

	
	
	


4.3.4.2
ETSI

	Name
	Definition
	Details

	"FTP Mean Data Rate" [6]
	"After a data link has been successfully established, this parameter describes the average data transfer rate measured throughout the entire connect time to the service. The data transfer shall be successfully terminated. The prerequisite for this parameter is network and service access."
	

	
	
	


4.3.4.3
NGMN

	Name
	Definition
	Details

	To Be Completed
	
	

	
	
	


4.3.4.4
TM Forum 

	Name
	Definition
	Details

	To Be Completed
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KQI Scenarios

<Describe the scenarios for the distinct services where KQI may be collected>
5.1
Mobile Web Browsing KQI Scenario

The Web Browsing service in a mobile network includes three phases:

· Access phase: 
This phase includes connection setup between a UE and a mobile network (RAN + CN), including RRC connection setup and RAB connection setup. If a connection has already been set up between a UE and a mobile network when the UE initiates a Web Browsing service request, the access phase is not required.

· Page response phase: 
This phase indicates connection setup between a UE and a service server to begin page download, including DNS name server connection setup, TCP transport connection setup, and Web Browsing request.

· Page download phase: 
This phase lasts from the page response to the page download completion.

The page download phase may involve download in response to a single HTTP GET request, serial downloads in response to multiple HTTP GET requests, or parallel downloads in response to multiple HTTP GET requests. 

The KQIs are classified into accessibility and integrity categories to reflect user experience for Web Browsing services.

	KQI Category
	KQI
	Definition

	Accessibility
	Page Response Success Rate (%)
	Indicates the probability of successful web page connection setup after a UE initiates a web browsing request.

	
	Page Response Delay (s)
	Indicates the duration from the time a UE initiates a web browsing request to the time the web page connection is successfully set up.

	Integrity
	Page Browsing Success Rate (%)
	Indicates the probability of successful page downloads.

	
	Page Browsing Delay (s)
	Indicates the duration from the time a UE initiates a web browsing request to the time the UE receives all contents of the web page.

	
	Page Display Delay (s)
	Indicates the duration from the time the server sends the first data packet with a response code to the time the UE receives all contents of the web page.

	
	Page Download Rate (kbit/s)
	Indicates the average download rate of contents displayed on the page.


Editor’s note: It is not yet checked whether KQI(s) for web browsing exist in some few key organisations and whether something can be reused. Clause 5 should be revisited and updated accordingly when clause 4 has been finished.

5.2
Mobile Video Streaming KQI Scenario and Definition

The Video Streaming service in a mobile network includes four phases:

· Access phase: 
This phase indicates connection setup between a UE and a mobile network (RAN + CN), including RRC connection setup and RAB connection setup. If a connection has already been set up between a UE and a mobile network when the UE initiates a Web Browsing service request, the access phase is not required.
· Video main page opening phase: 
This phase indicates connection setup between a UE and a service server to begin page download, including,  transport connection setup and if needed DNS connection setup and Web Browsing request.

· Initial video streaming buffering phase: 
This phase indicates connection setup between UEs and the content server. Video download starts, including DNS connection setup (optional), TCP connection setup, and video request, and video streaming data is downloaded until the buffering is complete.

· Video streaming playing phase:
This phase begins when the buffering is complete and ends when the video download is complete.

The KQIs are classified into accessibility and integrity categories to reflect user experience for video streaming services.

	KQI Category
	KQI
	Definition

	Accessibility
	Video Streaming Start Success Rate (%)
	Indicates the probability of playing after the user initiates the Video Streaming service and the initial buffer is completed.

	
	Video Streaming Start Delay (s)
	Indicates the duration from the time the user initiates the Video Streaming service to the time the initial buffer is complete and the video plays.

	Integrity
	Video Streaming Play Stall Rate (%)
	Indicates the ratio of Video Streaming sessions with stalls to all Video Streaming sessions.

	Step 1 
	Video Streaming Stall Frequency
	Indicates the number of stalls per minute during video playing.

	Step 2 
	Video Streaming Stalled Time Rate (%)
	Indicates the ratio of the stall durations to the entire video playing periods. 

	Step 3 
	Video Streaming Download Throughput (kbit/s)
	Indicates the average download rate of video streaming data during the entire Video Streaming service.


Editor’s note: It is not yet checked whether KQI(s) for video streaming exist in some few key organisations and whether something can be reused. Clause 5 should be revisited and updated accordingly when clause 4 has been finished.

5.3
Mobile File Transfer KQI Scenarios and Definitions

For File Transfer service in a mobile network two separate processes must be investigated:

· The File Upload service process

· The File Download service process
5.3.1
File Upload KQI Scenario and Definition 

The File Upload service process in a mobile network includes three phases:

· Access phase: 
This phase indicates connection setup between a UE and a mobile network (RAN + CN), including RRC connection setup, RAB connection setup, and PDP activation. If a connection has already been set up between a UE and a mobile network, the access phase is not required when the UE initiates a file upload service request.

· File server response phase: 
This phase indicates connection setup between a UE and a service server to begin file upload, including transport connection setup, and if needed DNS connection setup, and file upload request response.
· File transfer phase: 
This phase indicates the phase from file transfer starting to file transfer completing. 

The KQIs are classified into accessibility and integrity categories to reflect user experience for file upload services.
.

	KQI Category
	KQI
	Definition

	Accessibility
	File Request Response Success Rate (%)
	Indicates the probability that a UE initiates a file upload request and the UE receives the data receiving confirmation message from the server.

	Step 4 
	File Request Response Delay (s)
	Indicates the delay from the time a UE initiates a file upload request and the UE receives the data receiving confirmation message from the server.

	Integrity
	File Transfer Success Rate (%)
	Indicates the probability that a UE can successfully transmit all application data.

	
	File Transfer Delay (s)
	Indicates the delay from the time a UE sends a data upload request to the time the UE receives the data receiving response from the server.

	Step 5 
	File Transfer Throughput (kbit/s)
	Indicates the average rate at which the file is transferred. 


5.3.2
File Download KQI Scenario and Definition

The File Download service phase in a mobile network includes three phases:

· Access phase:
This phase indicates connection setup between a UE and a mobile network (RAN + CN), including RRC connection setup, RAB connection setup, and PDP activation. If a connection has already been set up between a UE and a mobile network, the access phase is not required when the UE initiates a file download service request.
· File server response phase: 
This phase indicates connection setup between a UE and a service server to begin file dowload, including transport connection setup, and if needed DNS connection setup, and file download request response.
· File transfer phase: 
This phase indicates the phase from file transfer starting to file transfer completing. 
The KQIs are classified into accessibility and integrity categories to reflect user experience for file download services.
	KQI Category
	KQI
	Definition

	Accessibility
	File Request Response Success Rate (%)
	Indicates the probability that a UE initiates a file download request and a transfer connection is successfully set up..

	Step 6 
	File Request Response Delay (s)
	Indicates the delay from the time a UE initiates a file download request to the time the server returns a successful response.

	Integrity
	File Transfer Success Rate (%)
	Indicates the probability that a UE can successfully transmit all application data.

	
	File Transfer Delay (s)
	Indicates the duration from the time the server sends the first data packet with a response code to the time the entire filre content has been downloaded.

	Step 7 
	File Transfer Throughput (kbit/s)
	Indicates the average rate at which the file is transferred. 


Editor’s note: It is not yet checked whether KQI(s) for file transfer exist in some few key organisations and whether something can be reused. Clause 5 should be revisited and updated accordingly when clause 4 has been finished.
5.4
Mobile E-mail KQI Scenarios and Definitions

For E-mail service in a mobile network two separate processes must be investigated:

· The Sending E-mail service process

· The Receiving E-mail service process


5.4.1
Sending E-mail KQI Scenario and Definition


The Sending E-mail service process in a mobile network includes two phases:

· Login phase
In this phase, UEs log in to the connection window of the Email servers after a successful authentication. Users need to log in to the Email servers to be able to receive or send E-mails. 

· E-mail sending phase 
The phase from starting up Email sending to Email sending completion.

The KQIs are classified into accessibility and integrity categories to reflect user experience for Sending E-mail services.
.

	KQI Category
	KQI
	Definition

	Accessibility
	EmMail Server Login Success Rate (%)
	Indicates the probability of successful login after client startup and connection setup.

	
	Mail Server Email Login Delay (s)
	Indicates the delay of successful login after client startup and connection setup.

	Integrity
	Email Send Success Rate (%)
	Indicates the probability of successful Email sending.

	
	Email Send Data Transmission Duration (s)
	Indicates the duration from the time a user sends an Email to the time the Email is successfully sent.

	
	Email Send Data Throughput Average (kbit/s)
	Indicates the average data transmission rate for Email sending


5.4.2
Receiving E-mail KQI Scenario and Definition


The Receiving E-mail service process in a mobile network includes two phases:

· Login phase
In this phase, UEs log in to the connection window of the Email servers after a successful authentication. Users need to log in to the Email servers to be able to receive or send E-mails. 
· Email receiving phase
The phase from starting up Email receiving to Email receiving completion.

The KQIs are classified into accessibility and integrity categories to reflect user experience for Receiving E-mail services.
	KQI Category
	KQI
	Definition

	Accessibility
	Mail Server Email Login Success Rate (%)
	Indicates the probability of successful login after client startup and connection setup.

	
	Mail Server Email Login Delay (s)
	Indicates the delay of successful login after client startup and connection setup.

	Integrity
	Email Receive Success Rate (%)
	Indicates the probability of successful Email receiving.

	Step 8 
	Email Receive Data Transmission Duration (s)
	Indicates the duration from the time a user starts receiving an Email to the time the Email is successfully received.

	Step 9 
	Email Receive Data Throughput Average (kbit/s)
	Indicates the average data transmission rate for Email receiving


Editor’s note: It is not yet checked whether KQI(s) for e-mail exist in some few key organisations and whether something can be reused. Clause 5 should be revisited and updated accordingly when clause 4 has been finished.
5.5 
Mobile Bidirectional Voice KQI Scenario and Definition
The mobile bidirectional voice service includes four phases:

· Access phase: 
This phase includes connection setup between a UE and a mobile network (RAN + CN), including RRC connection setup and RAB connection setup. If a connection has already been set up between a UE and a mobile network when the UE initiates a mobile bidirectional voice call, the access phase is not required.

· Call setup phase: 
This phase includes the calling party dialing to hearing the ring tone.
· User talking phase: 
A call is established when the called party answers the call. This phase is used to assess voice quality for both calling and called parties.

· Retention phase: 
This phase is used to assess whether a call is abnormally terminated, or whether the call is interrupted due to poor voice transmission.

The KQIs are classified into accessibility, retainability, and integrity categories to reflect user experience for voice services.

	KQI Category
	CounterKQI
	Definition

	Accessibility
	Perceived Voice Call Setup Success Rate (%)
	Indicates within a measurement period the probability that a call is succesfully set up. 

	
	Voice Call Setup Delay (s)
	Indicates the average duration from the time the calling party initiates a voice call to the time the calling party hears the ringtone back.

	Retainability
	Perceived Voice Call Dropped Rate (%)
	Indicates within a measurement period the probability of call drops. 

	Integrity
	Calling Party Voice Quality Average
	Indicates within a measurement period the average voice quality of the Calling Party during a call.

	
	Calling Party Voice Quality Abnormality Ratio (%)
	Indicates the ratio of voice calls with poor Calling Party voice quality to the total number of calls within a measurement period.

	
	Called Party Voice Quality Average
	Indicates within a measurement period the average voice quality of the Called Party during a call.

	
	Called Party Voice Quality Abnormality Ratio (%)
	Indicates the ratio of uplink voice calls with poor Called Party voice quality to the total number of calls within a measurement period. 


Editor’s note: It is not yet checked whether KQI(s) for bidirectional voice service exist in some few key organisations and whether something can be reused. Clause 5 should be revisited and updated accordingly when clause 4 has been finished.
5.6
Mobile Audio Streaming KQI Scenario and Definition

The Audio Streaming service in a mobile network includes four phases:

· Access phase: 
This phase indicates connection setup between a UE and a mobile network (RAN + CN), including RRC connection setup and RAB connection setup. If a connection has already been set up between a UE and a mobile network when the UE initiates a Web Browsing service request, the access phase is not required.
· Voice main page opening phase: 
This phase indicates connection setup between a UE and a service server to begin page download, including transport connection setup, and if needed DNS connection setup, and Web Browsing request.

· Initial audio streaming buffering phase: 
This phase indicates connection setup between UEs and the content server. Audio download starts, including DNS connection setup (optional), TCP connection setup, and audio request, and audio streaming data is downloaded until the buffering is complete.

· Audio streaming playing phase:
This phase begins when the buffering is complete and ends when the audio download is complete.

The KQIs are classified into accessibility and integrity categories to reflect user experience for audio streaming services.

	KQI Category
	KQI
	Definition

	Accessibility
	Audio Streaming Start Success Rate (%)
	Indicates the probability of playing after the user initiates the Audio Streaming service and the initial buffer is completed.

	
	Audio Streaming Start Delay (s)
	Indicates the duration from the time the user initiates the Audio Streaming service to the time the initial buffer is complete and the audio plays.

	Integrity
	Audio Streaming Play Stall Rate (%)
	Indicates the ratio of Audio Streaming services with stalls to all Audio Streaming services.

	Step 10 
	Audio Streaming Stall Frequency
	Indicates the number of stalls per minute during audio playing.

	Step 11 
	Audio Streaming Stalled Time Rate (%)
	Indicates the ratio of the stall durations to the entire audio playing periods. 

	Step 12 
	Audio Streaming Download Throughput (kbit/s)
	Indicates the average download rate of audio streaming data during the entire Audio Streaming service.


Editor’s note: It is not yet checked whether KQI(s) for audio streaming exist in some few key organisations and whether something can be reused. Clause 5 should be revisited and updated accordingly when clause 4 has been finished.
6 Structural Differences
<Describe the structural differences of the existing KQI applied to the services in the different scenarios>
7 Functional Differences
<Describe the functional differences of the existing KQI in the different scenarios>
8 Conclusions

Annex A:  Mobile MOS Scenario

With the development of mobile broadband networks, the traffic carried is changing from traditional voice into a wide range of mobile Internet based applications. If we use traditional KQI definition to describe the user service experience of these applications, due to the different characteristics of the applications, we need multiple indicators, and the indicators are different for various applications. This will bring trouble in service experience presentation and product design, so we need to adopt an integrated indicator to define service experience.

According to human factors engineering research, subjective experience exists for various levels of perception, for example, from imperceptions, to lose focus, and finally give up. For voice services, ITU have used MOS (Mean Opinion Score) to define the voice quality based on the subjective experience. In implementation, due to the high cost and time-consuming, subjective measurements are replaced by objective measurements to calculate MOS and assess voice quality.

For defining the integrated experience indicator for mobile internet applications, we can learn from the voice MOS definition, and use Mobile MOS to synthetically assess the multiple KQIs of mobile applications. In the Mobile MOS definition, the following key factors need to be considered: 

1. Continuity. The meaning and hierarchy should be consistent with existing voice MOS.

2. Measurability. In the commercial implementations, objective indicator scores can be calculated by a series of parameters which are easy to measure.

3. Mobility. Need to consider the characteristics of the mobile network and the device, such as the terminal screen size will affect the user's experience.

4. Diversity. Need to define the corresponding MOS scheme for various mobile internet applications such as web, video, file transfer, and other popular applications.

5. Evolvability. With the improvement quality of mobile applications, the user experience will gradually improve. Therefore, the definition of the best experience will adapt to the changes of application.

For example, for the MOS definition of mobile video, the assessment object is adaptive video service based on TCP protocol. Factors affecting service experience are the quality of video source, and the buffering event introduced during transmission. When evaluating the quality of the video source, the main consideration is video codec, frame rate, resolution and bit rate. When assessing the impact of buffering, the initial loading time, and the stalling duration during playing stage will be considered.

Generally when defining mobile MOS for web browsing and other applications, we also need to take into consideration their service characteristics, and assess the key factors which affect the experience.

 Annex B: ITU-T definitions

The following ITU-T Recommendations provide definitions deemed relevant for the present Technical Report:

	ITU-T Recommendation
	Term
	Definition

	P.10/G.100 [2]
	opinion score (in telephony)
	The value on a predefined scale that a subject assigns to his opinion of the performance of the telephone transmission system used either for conversation or only for listening to spoken material.

	P.10/G.100 Amendment 2 [3]
	Quality of Experience (QoE)
	The overall acceptability of an application or service, as perceived subjectively by the end-user.

NOTE 1 – Quality of experience includes the complete end-to-end system effects (client, terminal, network, services infrastructure, etc.).

NOTE 2 – Overall acceptability may be influenced by user expectations and context.

	E.800 [4]
	Quality of service (QoS)


	Totality of characteristics of a telecommunications service that bear on its ability to satisfy stated and implied needs of the user of the service.

	E.800 [4]
	QoS requirements of user/customer (QoSR)


	A statement of QoS requirements by a customer/user or segment/s of customer/user population with unique performance requirements or needs.

NOTE – The customer/user needs may be expressed in descriptive terms (criteria) listed in the order of priority, with preferred performance value for each criterion. The service provider then translates these into parameters and metrics pertinent to the service (see [ITU-T E.802]).

	E.800 [4]
	QoS offered/planned by service provider (QoSO)


	A statement of the level of quality planned and therefore offered to the customer by the service provider.

NOTE – Level of QoS the service provider plans to achieve (and therefore offers) to the customer/user is expressed by target values (or range) for measures of parameters pertinent to a specified service.

	E.800 [4]
	QoS delivered/achieved by service provider (QoSD)


	A statement of the level of QoS achieved or delivered to the customer.

NOTE – Achieved or delivered QoS is expressed by metrics for the pertinent parameters for a service.

	E.800 [4]
	QoS experienced/perceived by customer/user (QoSE)


	A statement expressing the level of quality that customers/users believe they have experienced.

NOTE 1 – The level of QoS experienced and/or perceived by the customer/user may be expressed by an opinion rating.

NOTE 2 – QoSE has two main man components: quantitative and qualitative. The quantitative component can be influenced by the complete end-to-end system effects (network infrastructure).

NOTE 3 – The qualitative component can be influenced by user expectations, ambient conditions, psychological factors, application context, etc.

NOTE 4 – QoSE may also be considered as QoSD received and interpreted by a user with the pertinent qualitative factors influencing his/her perception of the service.

	E.800 [4]
	Service


	A set of functions offered to a user by an organization constitutes a service.

	E.800 [4]
	Speed


	Speed is the performance criterion that describes the time interval that is used to perform the function or the rate at which the function is performed. (The function may or may not be performed with the desired accuracy.)

(Editor’s note: In Section 3.1.1.5 Service quality characteristics)

	E.800 [4]
	Accuracy


	Accuracy is the performance criterion that describes the degree of correctness with which the function is performed. (The function may or may not be performed with the desired speed.).

(Editor’s note: In Section 3.1.1.5 Service quality characteristics)

	E.800 [4]
	Dependability


	Dependability is the performance criterion that describes the degree of certainty (or surety) with which the function is performed regardless of speed or accuracy, but within a given observation interval.

(Editor’s note: In Section 3.1.1.5 Service quality characteristics)

	E.800 [4]
	Availability


	Availability of an item to be in a state to perform a required function at a given instant of time or at any instant of time within a given time interval, assuming that the external resources, if required, are provided.

(Editor’s note: In Section 3.1.1.5 Service quality characteristics)

	E.800 [4]
	Reliability


	The probability that an item can perform a required function under stated conditions for a given time interval.

(Editor’s note: In Section 3.1.1.5 Service quality characteristics)

	E.800 [4]
	Simplicity


	Ease and lack of complexity in the benefit to the user of a function of the service.

(Editor’s note: In Section 3.1.1.5 Service quality characteristics)

	P.800.1 [5]
	Mean opinion score (MOS)


	The mean of opinion scores, i.e., of the values on a predefined scale that subjects assign to their opinion of the performance of the telephone transmission system used either for conversation or for listening to spoken material.

	E.800 [4]
	Customer's QoS requirements
	This is an expression of the level of QoS required by the customer. The criteria and parameters identified to express these reflect the requirements.

	E.800 [4]
	Service provider's offerings of QoS


	The QoS criteria or parameters offered by the service provider are formal terms specified unambiguously and may be used for the following: 

• As the basis for SLA between the service provider and clients on a bilateral basis of agreement.

• Public declaration by the service provider about the level of quality that can be expected by the users at large.

• As the basis for planning and maintaining the service at the level of performance being offered.

• As the basis for users to choose a level of quality to meet their particular requirements among the service provider's offerings.

	E.800 [4]
	QoS achieved or delivered
	The QoS delivered is the actual level of quality achieved or delivered by the service provider and may be used for the following:

• As the basis to compare the delivered with the offerings by the users, regulators and as a check in the SLAs.

• As the basis for any corrective action by the service providers.

	E.800 [4]
	Customer/User perception
	The QoS perceived by the user may be expressed by ratings based on customer surveys and is an indicator of what the user thinks the level of quality received or experienced. This data may be used for:

• Comparison with delivered quality and identifying causes of any ambiguities.

• Planning any corrective actions.


Annex C: Bibliography

a)                          QuEST Forum specifications

-                            AQ-KPI Workshop 3 agreement; confirmed by KPI meeting report 2015-04-07.
Annex <X>:
Change history

	Change history

	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	Old
	New

	2015-02
	
	
	
	
	Initial latest draft including SA5#99 approved pCRs S5-151365, S5-151312 and S5-151313
	-
	0.1.0

	2015-04
	
	
	
	
	Latest draft including SA5#100 approved pCRs S5-152368,  S5-152200 and S5-152384
	0.1.0
	0.2.0

	2015-06
	
	
	
	
	Latest draft including SA5#101 approved pCRs S5-153041,  S5-153191, S5-153316, S5-153317, S5-153318, S5-153323, S5-153325, S5-153326, S5-153327 and S5-153343
	0.2.0
	0.3.0


