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[bookmark: _Toc194067371]2	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. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
…
[105]	Consumer Technology Association Specification CTA‑5004-A: "Web Application Video Ecosystem – Common Media Client Data", September December 20250.
…
[RFC8941]	IETF RFC 8941: "Structured Field Values for HTTP", February 2021.
=====  CHANGE =====
[bookmark: _Toc194067631]5.16	Common Media Client Data (CMCD)
[bookmark: _Toc194067632]5.16.1	Description
[bookmark: _Toc194067633]5.16.1.1	Introduction
While 3GPP and MPEG in DASH support DASH metrics, the reporting is not common to any player, for example all DASH players as well as HLS players. As an example, CTA WAVE has developed: CTA-5004: Web Application Video Ecosystem Common Media Client Data (CMCD) [105]. It is worthwhile to study the benefits of integrating commonly supported metrics and client data reporting in 5GMS workflows. The focus is the integration of already defined metrics rather than developing new metrics. Examples of study include support of specific metric keys, player APIs, sending options from client to server (user plane, M5 reference point, as specified in TS 26.510 [108], Data collection and reporting as defined in TS 26.531 [106] and as specified in TS 26.532 [107]), M3 reference point impact), as well as usage of the data in operations. A study of creating a common harmonized reporting framework and studying the interaction of different frameworks may be included.
CMCD defines a set of media client data, structured as key/value pairs, that allows a media player to communicate mutually beneficial media-related information to a CDN via either (i) a set of custom headers, (ii) a URL request query string, or (iii) a JSON object. Common is used because the same data structure can be used across all players and all CDNs.
NOTE:	CTA WAVE is currently extending its specification [105], and a new version is expected to be published by the middle of 2025.
A player may be instructed through a configuration API, for example defined in dash.js, on how to exactly report. In addition, in the 6th edition of MPEG-DASH in ISO/IEC 23009-1 [11], a configuration API and an MPD-based configuration signalling mechanism is specified in order for the DASH client to be instructed to enable CMCD information collection and reporting.
A basic overview of CMCD is provided in figure 5.16.1-1 illustrating option (i) in green and option (ii) in red. With every HTTP request, typically and primarily for the request of a media segment, some custom data is sent either as HTTP header or as query string appended to the segment request URL. In a third mode that is not widely implemented, corresponding to option (iii) above, the media client may also provide the information in a JSON object to the application out of band of media segment requests.
[image: A close-up of a text

Description automatically generated]
Figure 5.16.1-1: Basic CMCD concept – Media client sends key–value pairs to CDN in-band with requests
[bookmark: _Toc194067634]Issues and feature requests led to the start of work on CMCD version 2 (v2) in October 2023 within the CTA WAVE project. The second version the specification is expected to be published at the start of 2026 and addresses updates and new features, including:
-	New key–value pair definitions and features:
-	Added keys for live latency (ltc), target buffer length (tbl), media start delay (msd), aggregate bitrate (ab), CDN ID (cdn), response code (rc), time to first/last byte (ttfb, ttlb), player state (sta), playhead time (pt), and more.
-	Flags like su (start-up) and bs (buffer starvation) must be sent if true.
-	Enhanced object prefetching: Now supports multiple objects and, when using HTTP request headers, is aligned with the syntax specified in RFC 8941 [RFC8941].
-	Improved error reporting: New ec (error code) key.
-	New behaviours: Preloading state, backgrounded state (bg), and more.
-	Additional reporting modes:
-	Event mode: A new reporting mode that allows reports to be sent at arbitrary times, not just with content requests/responses.
-	Event types include: Play state changes, errors, time intervals, content changes, backgrounding of the playback presentation, muting/unmuting of audio, start/end of interstitial content insertions (e.g., commercial advertising), user actions (e.g., timeline skipping), and more.
-	Multiple destinations: Event reports can be sent to different endpoints (e.g., CDN, player monitoring, ad reporting, content steering).
-	Support for enhanced analytics by recipients:
-	More accurate tracking of media start delay and buffer status.
-	Playback of interstitial content (e.g., commercial advertising) can be tracked in detail.
-	Playhead time reporting for both video-on-demand (VoD) and live streaming (using epoch time for live).
5.16.1.2	Use cases
The use cases which CMCD enables are broad – including robust pre-fetching of content, analytics solutions, forensic debugging, CDN delivery optimisation, alerting and monitoring systems, low latency optimisations, server-side switching, research analytics and content steering decision-making.
In the context of 5G Media Streaming, the CMCD information may be used for several purposes that are elaborated further in the remainder of this clause:
1)	Operational optimisation of the 5GMSd AS: The Application Server uses CMCD information to optimise its operation. For example, the 5GMSd AS may choose to pre-fetch content from the 5GMSd Application Provider based on the value of the CMCD Next object request key signalled by the Media Player.
2)	Operational optimisation of the 5GMSd AF and 5G Media Streaming: The Application Function uses CMCD information in order to configure the 5G System for optimised media delivery across the User Plane. For example, the 5GMSd AF may invoke service operations on the PCF in order to effect a delivery boost if the CMCD Buffer starvation flag is set by the Media Player.
3)	UE data collection on media playback and 5GMS reception, reporting and event exposure by 5GMS System: The Application Function uses the data collection and reporting framework to provide CMCD information to the 5G System or to external 5GMS Application Providers. This could, for example, take the form of a time series event log for audit purposes. Such data could, for example, be useful to determine the quality of reception and to identify anomalies or errors that can occur on players.
[bookmark: _Toc194067635]In the context of 5G Media Streaming, the CMCD version 2 information may support additional use cases and functionalities:
4)	UE data collection of media playback events, leveraging event-based reporting and event exposure by 5GMS System: The Application Function uses the data collection and reporting framework to provide CMCD information to the 5G System or to external 5GMS Application Providers. Events and user behaviours can be tracked; it may even be used for ad information collection.
5)	Further advanced operational optimisation of the 5GMSd AS: The Application Server uses CMCD information to optimise its operation. v1 syntax only allowed a single object to be prefetched; with v2 multiple objects can be prefetched.
6)	Multiple destinations for Event reports: this allows to concurrent client reporting to different functions in the 5GMS System, including directly to the 5GMS Application Provider at (out of scope) reference point M13d. This means that reporting to a third-party reporting server, although outside the scope of the 5GMS System, is still possible.	Comment by Richard Bradbury: True, but out-of-band reporting to the ASP at reference point M13 is, by definition, outside the scope of the 5GMS System, so I am not sure this is a valid Use Case for this feasibility study.
Can we identify any in-scope 5GMS functions that could receive this information?
What about the Media Session Handler sending these new event reports out of band to the 5GMS AF via reference point M5 using the existing metrics reporting mechanism with a new MIME media type? This could be realised quite straightforwardly with the Media Session Handler offering an HTTP endpoint to the Media Player and then acting as a proxy to the 5GMS AF.	Comment by Thomas Stockhammer (26-B): I replaced separate with concurrent.	Comment by Thomas Stockhammer (26-B): Added also the second use case.	Comment by Richard Bradbury (2026-02-06): Nice. Thanks.
7)	Session Handling Reporting: The Media Session Handler may send CMCD version 2 event reports out of band to the 5GMS AF via reference point M5 using the existing metrics reporting mechanism with a new MIME media type. This could be realised quite straightforwardly with the Media Session Handler offering an HTTP endpoint to the Media Player and then acting as a proxy to the 5GMS AF.
5.16.1.3	Comparison of CMCD information with 5GMS reporting mechanisms
As part of this study, it is relevant to analyse CMCD [105] in comparison with existing client metadata reporting mechanisms already defined by the 5G Media Streaming architecture in TS 26.501 [15], namely:
-	QoE metrics reporting, as described in clause 4.0.9 of [15]. For DASH streaming using downlink media streaming:
-	TS 26.512 [16] specifies the use of the QM10 quality metrics reporting scheme for DASH and the "HSD" quality reporting protocol as specified in clause 10 of TS 26.247 [109].
-	The operations for provisioning QoE metrics reporting are specified in clause 5.2.11 of TS 26.510 [108].
-	The operations for QoE metrics reporting are specified in clause 5.3.5 of TS 26.510 [108].
-	Consumption reporting, as described in clause 4.0.8 of [15]. For downlink media streaming:
-	The format for consumption reports is specified in clause 11.3.3 of TS 26.512 [16].
-	The operations for provisioning consumption reporting are specified in clause 5.2.12 of TS 26.510 [108].
-	The operations for consumption reporting are specified in clause 5.3.6 of TS 26.510 [108].
One potential consideration for study is whether CMCD could potentially subsume or obsolete either or both of the above mechanisms. To that end, it is instructive to directly compare the information that can be conveyed using the three mechanisms in order to identify overlaps and/or gaps between them.
Table B-1 shows CMCD information in the left-hand columns, QoE reporting metrics in the central columns and consumption reporting data types in the right-hand columns. The comparison reveals that there is minimal overlap between the existing 5GMS reporting mechanisms and CMCD as specified in [105]. Further updates to [105] may in version 2 have only minimally increased the overlap.
5.16.1.4	Aspects arising from CMCD version 2
In order to analyse the aspects from version 2 of CMCD [105], the following main questions are to be answered:
1.	Which additional keys are relevant for the deployment of 5G Media Streaming and are beneficially instantiated with more details?
2.	How can the new Event reporting mode be integrated into 5G Media Streaming?
While point 1 should have minimal impacts on the in-band client reporting architecture as defined in TS 26.501 [15], point 2 requires a more detailed architectural study and a new key issue is preferably created.
Hence, clause 5.16.6A provides an analysis of the relevancy and benefits of CMCD keys for 5G Media Streaming and recommends if and how to instantiate this in the 5GMS System.
[bookmark: _Toc194067636]5.16.2	Collaboration scenarios
In the context of the collaboration scenarios in annex A of TS 26.501 [15], the following collaboration scenarios are considered relevant:
Scenario 1	The 5GMSd AS is deployed in an external Data Network (OTT) as documented in clause A.1 of [15].
	In this case, a third-party service provider logs data from clients about operational performance. The 5GMSd Application Provider may use the data in order to optimise its overall service including clients served through a 5G System.
Scenario 2	Both the 5GMSd AF and the 5GMSd AS are deployed in the trusted Data Network as documented in clause A.2 of [15].
	In this case, the reported CMCD information can be further processed by the receiving 5GMSd AF in order to drive media delivery optimisations. Many use cases may be considered, for example network assistance, policy updates, etc.
	In a similar fashion, when the 5GMSd AS and 5GMSd AF are external per clause A.2 of [15], such considerations may be taken into account, and also in the case where the 5GMSd AS is internal and the 5GMSd AF is external, as documented in clause A.6 of [15].
Scenario 3	5GMSd AF is deployed in the trusted Data Network and the 5GMSd AS deployed in an external Data Network as documented in clause A.4 of [15]. In this case, provisioning updates may be done by the 5GMSd Application Provider in response to received CMCD information.
	Similar aspects apply for the collaboration document in clause A.4 of [15].
Scenario 2 is the core scenario for collaboration, namely the case that the 5GMSd AS collects information which is shared with the 5GMSd AF for further actions. The remaining discussion in this clause considers the case in which both the 5GMSd AS and the 5GMSd AF are both deployed in the Trusted DN. However, it is generally also possible for a third-party provided in a non-trusted environment to use CMCD information according to the following scenarios.
In the context of the above collaboration scenarios, the three different use cases introduced in clause 5.16.1.2 may also be considered:
1)	Operational optimisation of the 5GMSd AS: If the Application Server is deployed externally, the CMCD information may be considered as information describing the media delivery session.
2)	Operational optimisation of the 5GMSd AF and 5G Media Streaming: If the Application Function is deployed externally, NEF-based access to 5G System functionalities may be employed to optimise the delivery based on CMCD information, for example by applying network assistance or dynamic policy updates.
3)	UE data collection on media playback and 5GMS reception, reporting and event exposure by 5GMS System: The Data Collection AF instantiated in the 5GMSd AF exposes CMCD information collected in the operational service as events. The Event consumer may be external and/or the Data Collection AF may provide information to the NWDAF for further processing in the operator’s network.
[bookmark: _Toc194067637]5.16.3	Architecture mappings
[bookmark: _Toc194067638]5.16.3.1	In-band reporting of CMCD information via reference point M4d and M3d
In the case where CMCD information is reported in-band with media requests at reference point M4d, no changes are required to the reference architecture for downlink media streaming defined in clause 4.1.1 of TS 26.501 [15] or to the generalised media delivery architecture defined in clause 4.1.2.1 of [15]. Furthermore, the instantiation of UE data collection, reporting and event exposure in the 5G Media Streaming architecture defined in clause 4.7 of [15] is also applicable unmodified.


Figure 5.16.3.1‑1: Reference architecture for data collection and reporting when
the 5GMS AS is delegated to collect in-band CMCD information from the Media Player
and 5GMS AS reports CMCD information to the 5GMS AF via M3d
In this architectural mapping, the functionality of the system functions is extended as shown in figure 5.16.3.1‑1 (with extensions depicted in red) and as follows:
-	The Media Stream Handler (Media Player) additionally collects CMCD information and reports it to the 5GMSd AS via reference point M4d according to configuration previously received from the Media Session Handler via reference point M1d and from the 5GMSd AF via reference point M5d.
-	The 5GMSd AS additionally collects and reformats CMCD information received in band from the Media Stream Handler at reference point M4d and shares it using an appropriate format with the 5GMSd AF via reference point M3d according to configuration previously received from the 5GMSd AF via reference point M3d. 
-	The CMCD information may be processed in the Data Collection AF, and the Data Collection AF exposes the information to the NWDAF via reference point R5 and/or to an external Event Consumer via reference point R6.
[bookmark: _Toc194067639]5.16.3.2	In-band reporting of CMCD information via reference point M4d and R4
In a variant of the architectural mapping described in clause 5.16.3.1, the CMCD information is instead reported by the 5GMSd AS to the Data Collection AF via reference point R4, as depicted in figure 5.16.3.2‑1.


Figure 5.16.3.2‑1: Reference architecture for data collection and reporting when
the 5GMS AS is delegated to collect in-band CMCD information from the Media Player
and 5GMS AS reports CMCD information to the 5GMS AF via R4
In this architectural mapping, the functionality of the system functions is extended as follows:
-	The Media Stream Handler (Media Player) additionally collects CMCD information and reports it to the 5GMSd AS via reference point M4d according to configuration previously received from the Media Session Handler via reference point M11d and from the 5GMSd AF via reference point M5d.
-	The 5GMSd AS additionally collects and reformats CMCD information received in band from the Media Stream Handler at reference point M4d and shares it using an appropriate format with the Data Collection AF instantiated in the 5GMSd AF via reference point R4 according to configuration for the CMCD data domain previously received from the Data Collection AF via reference point R4.
-	The Data Collection AF additionally makes the CMCD information available to the 5GMSd AF that instantiated it in order to drive media delivery optimisations.
-	Exposure of events to the NWDAF via reference point R5 and/or to external Event Consumers via reference point R6, is identical to clause 5.15.3.1.
[bookmark: _Toc194067640]5.16.3.3	Out-of-band reporting of CMCD information at M11d and M5d
In the case where CMCD information is reported out of band, no changes are required to the reference architecture for downlink media streaming defined in clause 4.1.1 of TS 26.501 [15] or to the generalised media delivery architecture defined in clause 4.1.2.1 of [15]. Furthermore, the instantiation of UE data collection, reporting and event exposure in the 5G Media Streaming architecture defined in clause 4.7 of [15] is also applicable unmodified.


Figure 5.16.3.3‑1: Reference architecture for data collection and reporting when
the Media Session Handler reports CMCD information to the 5GMS AF out of band via M5d
In this architectural mapping, the functionality of the system functions is extended as shown in figure 5.16.3.3‑1 and as follows:
-	The Media Stream Handler (Media Player) additionally collects CMCD information according to configuration previously received from the Media Session Handler via reference point M11d and from the 5GMSd AF via reference point M5d.
-	The Media Session Handler additionally obtains CMCD information from the Media Stream Handler (Media Player) via reference point M11d.
-	The Media Session Handler additionally reports the CMCD information to the 5GMSd AF out of band at reference point M5d.
-	Exposure of events to the NWDAF via reference point R5 and/or to external Event Consumers via reference point R6, is identical to clause 5.15.3.1.
[bookmark: _Toc194067641]5.16.4	High-level call flows
[bookmark: _Toc194067642]5.16.4.1	In-band reporting of CMCD information via reference point M4d and M3d
The focus of the call flow is on Scenario 2 as defined in clause 5.16.2.1 above, for which the CMCD information is initially sent to the 5GMSd AS via reference point M4d, and then provided to the 5GMSd AF at reference point M3d. The call flow is aligned with QoE metrics collection and reporting as defined in clause 5.5 of TS 26.501 [15], but addresses the user plane aspects.
Figure 5.16.4.1-1 illustrates a scenario where CMCD collection and reporting by the 5GMSd AS is configured by the 5GMSd AF via reference point M3d. In this example, it is assumed that the CMCD collection information provided by the 5GMSd AF comprises instructions/rules regarding CMCD reporting. It is further assumed that the 5GMSd AF is required to deliver CMCD reports to separate destination entities, upon optionally having performed post-processing the collected report information. The 5GMSd AF and 5GMSd AS can be either trusted or untrusted.


Figure 5.16.4.1-1: CMCD-based data collection in 5GMSd reported in-band via M4d and M3d
The message sequence steps are described below. Potential gaps are highlighted in bold for the purpose of identifying new requirements.
1:	The 5GMSd AF is provisioned at reference point M1d with CMCD reporting configuration information pertaining to CMCD information collection by the Media Player and reporting of it to the 5GMSd AF via the 5GMSd AS. The 5GMSd AF is provisioned with different CMCD collection, reporting and processing information regarding required post-processing functionality and subsequent and separate delivery of processed CMCD information to the 5GMSd Application Provider and/or to the NWDAF. The 5GMSd AF also configures the 5GMSd AS to collect CMCD information and report it to the 5GMSd AF. Finally, the 5GMSd Application Provider subscribes to receive events containing CMCD information.
2:	The 5GMSd-Aware Application triggers the Service Announcement and Content Discovery procedure at reference point M8d. The Service Announcement may include the whole Service Access Information that includes a CMCD collection and reporting configuration to be used by the Media Player.
3:	Time passes until the 5GMSd Client initiates session establishment and media playback.
4:	Streaming Session and media playback is established.
4a:	The 5GMSd-Aware Application informs the Media Player of impending media playback by invoking a suitable method at reference point M7d.
4b:	The Media Player requests the establishment of a streaming session by invoking a suitable method at reference point M11d on the Media Session Handler, which acknowledges the request.
4c:	The Media Session Handler requests may acquire whole Service Access Information from the 5GMSd AF via reference point M5d if did not already receive this in step 2 above.
4d:	The Media Session Handler informs the Media Player about the successful set-up of the streaming session by means of a suitable notification at reference point M11d.
4e:	The media playback pipeline is set up between the Media Player, the 5GMSd AS at reference point M4d and with the 5GMSd Application Provider at reference point M2d.
5:	Using a suitable interaction at reference point M11d, the Media Session Handler interrogates the Media Player on its capability to perform in-band CMCD collection and reporting at reference point M4d and instructs the player to enable CMCD collection and reporting, including a session identifier.
6:	The Media Player acknowledges its support for the collection of the required CMCD information at reference point M11d.
During the course of media playback, steps 7a to 7f below may be repeated, depending on the duration of the playback.
7a:	The Media Player requests media content from the 5GMSd AS via reference point M4d and includes configured CMCD information in the request, either as an additional query parameter in the request URL or else as additional HTTP request headers, according to the configuration obtained in step 5 above.
7b:	The 5GMSd AS extracts and processes CMCD information from this request.
7c:	In the case of a live streaming service, media content may have already been published by the 5GMSd Application Provider to the 5GMSd AS at reference point M2d. However, in this case it is considered that the 5GMSd AS ingests media from the 5GMSd Application Provider in pull mode. The 5GMSd AS checks if the requested data is already cached and if not, requests the data from the upstream 5GMSd Application Provider. The 5GMSd AS may also use information in the CMCD information to request future segments in advance of a request at reference point M4d.
NOTE:	CMCD information does not currently include a timestamp when the future media data would be available.
7d:	The 5GMSd AS delivers the requested media data to the Media Player at reference point M4d.
7e:	The Media Player starts playback and informs the Media Session Handler by means of a suitable notification at reference point M11d.
7f:	The 5GMSd AS provides the requested CMCD information to the 5GMSd AF via reference point M3d.
7g:	The 5GMSd AF extracts the relevant CMCD information and processes the data.
7h:	Based on CMCD information the 5GMSd AF may decide to communicate with the 5G System to initiate media handling functions such as network assistance.
8:	In accordance with its CMCD reporting configuration as provisioned in step 1, the 5GMSd AF performs separate post-processing in accordance with the received types of CMCD reports.
9:	The Data Collection AF instantiated in the 5GMSd AF exposes an event containing processed CMCD information to the 5GMSd Application Provider at reference point R6 in accordance with the Event Data Processing Configuration provisioned in step 1.
10:	The Data Collection AF instantiated in the 5GMSd AF exposes an event containing processed CMCD information to the NWDAF at reference point R6 in accordance with the Event Data Processing Configuration provisioned in step 1.
NOTE:	Although not explicitly shown or described in figure 5.16.3-1, should the 5GMSd AF represent an untrusted network entity and the NWDAF represent a trusted network entity, the NWDAF’s subscription to receive processed CMCD reports from the 5GMSd AF is mediated in the southbound direction by the NEF (Network Exposure Function) through the Nnef_EventExposure service as specified in TS 29.591 [110] to enable event notifications as described in step 10.
[bookmark: _Toc194067643]5.16.4.2	In-band reporting of CMCD information via reference point M4d and R4
In reference to the architectural mapping in clause 5.16.3.2, figure 5.16.4.2-1 illustrates a scenario where the CMCD information initially sent to the 5GMSd AS via reference point M4d is subsequently reported to the 5GMSd AF via reference point R4 according to TS 26.531 [106], TS 26.532 [107] and TS 26.512 [16].
To enable this, CMCD collection and reporting by the 5GMSd AS is first configured by creating a Data Reporting Session with the Data Collection AF instantiated in the 5GMSd AF via reference point R4. In this example, it is assumed that the CMCD collection information provided by the Data Collection AF comprises instructions/rules regarding CMCD reporting. It is further assumed that the 5GMSd AF is required to deliver CMCD reports to separate destination entities, upon optionally having performed post-processing the collected report information. The 5GMSd AF and 5GMSd AS can be either trusted or untrusted.


Figure 5.16.4.2-1: CMCD-based data collection in 5GMSd reported in-band via M4d and R4
The message sequence steps are the same as those in clause 5.16.4.1 with the following exceptions. Potential gaps are highlighted in bold for the purpose of identifying new requirements.
1:	The 5GMSd AF is provisioned at reference point M1d with CMCD reporting configuration information, pertaining to CMCD information collection by the Media Player and reporting of it to the 5GMSd AF via the 5GMSd AS. The 5GMSd AF is provisioned with different CMCD collection, reporting and processing information regarding required post-processing functionality and subsequent and separate delivery of processed CMCD information to the 5GMSd Application Provider and/or to the NWDAF. The 5GMSd AF passes this configuration to the Data Collection AF instantiated in it. The 5GMSd AS creates a Data Rreporting Session at reference point R4 and receives a configuration including parameters for collecting CMCD information and reporting it to the Data Collection AF. Finally, the 5GMSd Application Provider subscribes to receive events containing CMCD information.
7f:	The 5GMSd AS provides the requested CMCD information to the Data Collection AF via reference point R4 and this information is passed internally to the enclosing 5GMSd AF.
[bookmark: _Toc194067644]5.16.4.3	Out-of-band reporting of CMCD information via reference point M11d and M5d
In reference to the architectural mapping in clause 5.16.3.3, figure 5.16.4.3-1 illustrates a scenario where the CMCD information initially sent to the Media Session Handler via reference point M11d is subsequently reported to the 5GMSd AF via reference point M5d using the existing out-of-band reporting mechanisms defined in TS 26.501 [15].
To enable this, CMCD collection and reporting by the Media Session Handler is first configured via Service Access Information obtained from the 5GMSd AF at reference point M5d. In this example, it is assumed that the Service Access Information includes instructions/rules regarding CMCD reporting. It is further assumed that the 5GMSd AF is required to deliver CMCD reports to separate destination entities, upon optionally having performed post-processing the collected report information. The 5GMSd AF and 5GMSd AS can be either trusted or untrusted.


Figure 5.16.4.3-1: CMCD-based data collection in 5GMSd reported in-band via M11d and M5d
The message sequence steps are the same as those in clause 5.16.4.1 with the following exceptions. Potential gaps are highlighted in bold for the purpose of identifying new requirements.
1:	The 5GMSd AF is provisioned at reference point M1d with CMCD reporting configuration information pertaining to CMCD information collection by the Media Player and reporting of it to the 5GMSd AF via the Media Session Handler. The 5GMSd AF is provisioned with different CMCD collection, reporting and processing information regarding required post-processing functionality and subsequent and separate delivery of processed CMCD information to the 5GMSd Application Provider and/or to the NWDAF.
2:	The 5GMSd-Aware Application triggers the Service Announcement and Content Discovery procedure at reference point M8d. The Service Announcement may include the whole Service Access Information that includes a CMCD collection and reporting configuration to be used by the Media Session Handler, and hence by the Media Player.
7a:	The Media Player requests media content from the 5GMSd AS via reference point M4d.
7b:	In the case of a live streaming service, media content may have already been published by the 5GMSd Application Provider to the 5GMSd AS at reference point M2d. However, in this case it is considered that the 5GMSd AS ingests media from the 5GMSd Application Provider in pull mode. The 5GMSd AS checks if the requested data is already cached and if not, requests the data from the upstream 5GMSd Application Provider.
7c:	The 5GMSd AS delivers the requested media data to the Media Player at reference point M4d.
7d:	The Media Player starts playback and informs the Media Session Handler by means of a suitable notification at reference point M11d.
7e:	The Media Player generates CMCD information for this request.
7f:	The Media Player provides the requested CMCD information to the Media Session Handler via reference point M11d.
7g:	The Media Session Handler provides the requested CMCD information to the 5GMSd AF via reference point M5d.
7h:	The 5GMSd AF extracts the relevant CMCD information and processes the data.
7i:	Based on certain information, for example buffer levels, etc., the 5GMSd AF may decide to communicate with the 5G System to initiate media handling functions such as network assistance.
[bookmark: _Toc194067645]5.16.5	Gap analysis and requirements
[bookmark: _Toc194067646]5.16.5.1	In-band reporting of CMCD information via reference points M4d and M3d
Based on the call flow in clause 5.16.4.1, the following gaps are identified:
1)	Lack of provisioning information at reference point M1d in step 1 to configure CMCD reporting, including subsequent exposure to the 5GMSd Application Provider [and to the OAM Server].
2)	Lack of configuration signalling at reference point M3d in steps 1a and 1b for the 5GMSd AS to collect CMCD information for specific sessions or all clients.
3)	Lack of a CMCD client reporting configuration in Service Access Information at reference point M5d in step 2.
4)	Lack of Media Player configuration API at reference point M11d in steps 5 and 6 to configure CMCD collection and reporting, including acknowledgement of the Media Player's capabilities.
5)	Missing functionalities in the Media Player in step 7c to report CMCD information as part of media requests at reference point M4d. If the next segment request is included, then CMCD information needs to be extended to add the timestamp when the next media object is available.
6)	Missing functionalities in the 5GMSd AS in step 7a to extract and process CMCD information received from the Media Player via reference point M4d and:
a.	To proactively request media segments according to the received CMCD information per step 7c, if this optional feature is supported.
b.	To provide the CMCD information to the 5GMSd AF at reference point M3d per step 7f.
7)	Missing functionalities in the 5GMSd AF to process CMCD information received from the 5GMSd AS via reference point M3d, and to use this information to initiate and re-configure media session handling as needed in the 5G Core, and to aggregate the information for delivery to the 5GMSd Application Provider and/or to the NWDAF per steps 8, 9 and 10.
[bookmark: _Toc194067647]5.16.5.2	In-band reporting of CMCD information via reference points M4d and R4
Based on the call flow in clause 5.16.4.2, the following gaps are identified. Differences from the gaps identified in clause 5.16.5.1 are highlighted in bold.
1)	Lack of provisioning information at reference point M1d in step 1 to configure CMCD reporting, including subsequent exposure to the 5GMSd Application Provider [and to the OAM Server].
2)	Lack of configuration signalling at reference point R4 in steps 1a and 1b for the 5GMSd AS to collect CMCD information for specific applications.
3)	Lack of a CMCD client reporting configuration in Service Access Information at reference point M5d in step 2.
4)	Lack of Media Player configuration API at reference point M11d in steps 5 and 6 to configure CMCD collection and reporting, including acknowledgement of the Media Player's capabilities.
5)	Missing functionalities in the Media Player in step 7c to report CMCD information as part of media requests at reference point M4d. If the next segment request is included, then CMCD information needs to be extended to add the timestamp when the next media object is available.
6)	Missing functionalities in the 5GMSd AS in step 7a to extract and process CMCD information received from the Media Player via reference point M4d and:
a.	To proactively request media segments according to the received CMCD information per step 7c, if this optional feature is supported.
b.	To provide the CMCD information to the Data Collection AF instantiated in the 5GMSd AF at reference point R4 per step 7f.
7)	Missing functionalities in 5GMSd AF to process CMCD information received from the Data Collection AF, and to use this information to initiate and re-configure media session handling as needed in the 5G Core, and to aggregate the information for delivery to the 5GMSd Application Provider and/or to the NWDAF per steps 8, 9 and 10.
[bookmark: _Toc194067648]5.16.5.3	Out-of-band reporting of CMCD information via reference point M5d
Based on the call flow in clause 5.16.4.3, the following gaps are identified. Differences from the gaps identified in clause 5.16.5.1 are highlighted in bold.
1)	Lack of provisioning information at reference point M1d in step 1 to configure CMCD reporting, including subsequent exposure to the 5GMSd Application Provider [and to the OAM Server].
2)	Lack of a CMCD client reporting configuration in Service Access Information at reference point M5d in step 2.
3)	Lack of Media Player configuration API at reference point M11d in steps 5 and 6 to configure CMCD collection and reporting, including acknowledgement of the Media Player's capabilities.
4)	Missing functionalities in the Media Player in step 7f to report CMCD information to the Media Session Handler at reference point M11d.
5)	Missing functionalities in the Media Session Handler in step 7g to report CMCD information to the 5GMSd AF at reference point M5d.
NOTE:	It is impractical for the Media Player to signal the next segment request to the 5GMSd AF using out-of-band signalling at reference point M5 and to pass this information on to the 5GMSd AS at reference point M3 for the purposes of pre-fetching media segments.
6)	Missing functionalities in the 5GMSd AF to process CMCD information received from the Media Session Handler via reference point M5d, and to use this information to initiate and re-configure media session handling as needed in the 5G Core, and to aggregate the information for delivery to the 5GMSd Application Provider and/or to the NWDAF per steps 8, 9 and 10.
[bookmark: _Toc194067649]5.16.6	Candidate solutions
[bookmark: _Toc194067650]5.16.6.1	In-band reporting of CMCD information via reference points M4d and M3d
[bookmark: _Toc194067651]5.16.6.1.1	Provisioning information at reference point M1d
Provisioning information is needed at reference point M1d to configure CMCD reporting, including delivery to the 5GMSd Application Provider [and to the OAM Server]. For this purpose, the following is a suitable solution:
-	To support provisioning information to configure CMCD reporting, the metrics reporting provisioning procedures specified in clause 5.2.11 of TS 26.510 [108] may be reused at reference point M1d with the controlled vocabulary of metrics reporting schemes specified in clause 7.8 of TS 26.512 [16] extended to describe the different forms of CMCD.
-	To support delivery of this information to the 5GMSd Application Provider, the Event Data Processing Configuration may be reused at reference point M1d per clause 5.2.13 of TS 26.510 [108] with the following enhancements needed to provision exposure of CMCD information as a distinct new type of event:
-	A new enumerated value of AfEvent specified in TS 29.517 [25] used to signal a CMCD event when one is exposed by the Data Collection AF instantiated in the 5GMSd AF.
-	New collection and record data types specified in TS 26.512 [16] used by the Data Collection AF instantiated in the 5GMSd AF to expose CMCD information in events.
-	A new DataDomain enumerated value specified in TS 26.532 [107] to specify data exposure restrictions for CMCD information.
NOTE:	Analysis of which data aggregation functions (count, mean, maximum, minimum, etc.) are appropriate to provision for CMCD information in the abovementioned data exposure restrictions is for further study.-	Delivery of this information to the NWDAF is for further study.
[bookmark: _Toc194067652]5.16.6.1.2	Configuration signalling at reference point M3d
Configuration signalling at reference point M3d for the 5GMSd AS to collect CMCD information for specific sessions or all clients. To support this functionality, the following solution may be considered:
-	Reuse client metrics reporting configuration in Service Access Information exposed by the 5GMSd AF to the 5GMSd AS at reference point M3d. A new metrics reporting scheme representing the CMCD JSON format is specified in clauses 4.7.5, 7.8.1 and 11.4.1 of TS 26.512 [16] and is always indicated regardless of which metrics reporting scheme has been provisioned at reference point M1d.
-	In order to support this, the 5GMSd AS configuration provided by the 5GMSd AF at reference point M3d as specified in clause 8.8 (and, for symmetry with uplink media streaming, clause 8.9) of TS 26.510 [108] needs to be enhanced to tell the 5GMSd AS which set of Service Access Information it needs to retrieve to obtain the correct client metrics reporting configuration. The external application identifier of the parent Provisioning Session needs to be additionally passed at reference point M3d. This may be achieved by enhancing the data model specified in clause 9.4.3 (and, for symmetry with uplink media streaming, clause 9.5.3) of TS 26.510 [108].
[bookmark: _Toc194067653]5.16.6.1.3	Configuration signalling at reference point M5d
Provide CMCD configuration information to the Media Session Handler at reference point M5din order to configure collection and reporting of CMCD information by the 5GMSd Client. To support this functionality, the following solution may be considered:
-	Reuse client metrics reporting configuration in Service Access Information exposed by the 5GMSd AF to the 5GMSd AS at reference point M5d. A new metrics reporting scheme representing the CMCD query parameter or CMCD request header is specified in clauses 4.7.5, 7.8.1 and 11.4.1 of TS 26.512 [16] and is always indicated.
[bookmark: _Toc194067654]5.16.6.1.4	Media Player configuration API at reference point M11d
Media Player configuration API at reference point M11d to configure CMCD data collection and reporting, including the acknowledgement of the Media Player's capabilities.
[bookmark: _Toc194067655]5.16.6.1.5	Data reporting at reference point M4d
The Media Player reports CMCD information at reference point M4d as part of media requests using either a CMCD query parameter or CMCD request headers as specified in CTA‑5004 [105]. The CMCD information conveys the media delivery session identifier chosen by the Media Session Handler.
If the next segment request is included, then CMCD needs to be extended to add the timestamp when the segment or media object is available.
[bookmark: _Toc194067656]5.16.6.1.6	Data reporting at reference point M3d
The 5GMSd AS provides CMCD information to the 5GMSd AF at reference point M3d. To support this functionality, the following solution may be considered:
-	Based on CMCD information conveyed using a CMCD query parameter or CMCD request headers in M4d requests, the 5GMSd AS submits a QoE metrics report to the 5GMSd AF using the CMCD JSON format specified in CTA-5004 [105].
[bookmark: _Toc194067657]5.16.6.1.7	Event exposure at reference point R5 and R6
The Data Collection AF instantiated in the 5GMSd AF exposes events to the Event Consumer AF of the 5GMSd Application Provider. To support this functionality, the following solution may be considered:
-	Reuse event exposure mechanism per clause 4.7.4 of TS 26.501 [15] and clause 18 of TS 26.512 [16]. A new collection data type and record data type need to be specified by the latter. Individual CMCD records are expressed using the JSON representation specified in CTA-5004 [105]. In addition, clause 5.6.2.6 of TS 29.517 [25] needs to be extended by CT3 to allow exposure of events containing this new type of record in an AfEventNotification.
[bookmark: _Toc194067658]5.16.6.1.8	Functional changes to 5GMSd AF
Functionalities in the 5GMSd AF to process received CMCD information received, to use this information to initiate and re-configure media session handling functions in the 5G Core as needed, and to aggregate the information for delivery to the 5GMSd Application Provider [and/or to the OAM Server]. To support this functionality, the following solution may be considered:
-	Data processing and event exposure for CMCD information per clauses 4.7.3 and 4.7.4 of TS 26.501 [15] and clause 18 of TS 26.512 [16] respectively.
NOTE:	How data aggregation functions (count, mean, maximum, minimum, etc.) are applied to reported CMCD information is for further study.
[bookmark: _Toc194067659]5.16.6.1.9	Functional changes to 5GMSd AS
Functionalities in the 5GMSd AS to extract and process CMCD information received from the Media Player via reference point M4d and:
1.	Reformat it into the CMCD JSON format specified in CTA-5004 [105] and report it to the 5GMSd AF via reference point M3d.
2.	Proactively request media segments from the 5GMSd Application Provider at reference point M2d, if this optional feature is supported.
[bookmark: _Toc194067660]5.16.6.1.10	Functional changes to Media Player
Functionalities in the Media Player to report CMCD information to the 5GMSd AS at reference point M4d as part of media requests.
The CMCD specification [105] may need to be extended to add the timestamp when the next media object is available in order to fully support the pre-fetch optimisation described in step 7c of clause 5.16.4.
[bookmark: _Toc194067661]5.16.6.1.11	Functional changes to Media Session Handler
Functionalities in the Media Session Handler to process CMCD configuration information and to instruct the Media Player via reference point M11d to initiate CMCD collection and reporting.
[bookmark: _Toc194067662]5.16.6.2	In-band reporting of CMCD information via reference points M4d and R4
[bookmark: _Toc194067663]5.16.6.2.1	Provisioning information at reference point M1d
Same as clause 5.16.6.1.1.
[bookmark: _Toc194067664]5.16.6.2.2	Configuration signalling at reference point R4
Configuration signalling at reference point R4 instructing the 5GMSd AS to collect CMCD information for specific applications. To support this functionality, the following solution may be considered:
-	Reuse data reporting configuration exposed by the Data Collection AF to the 5GMSd AS at reference point R4 as part of a DataReportingSession. The new data domain required by clause 5.16.6.2.1 is used in this configuration for the additional purpose of signalling the need for the 5GMSd AS to collect and report CMCD information.
[bookmark: _Toc194067665]5.16.6.2.3	Configuration signalling at reference point M5d
Same as clause 5.16.6.1.3.
[bookmark: _Toc194067666]5.16.6.2.4	Media Player configuration API at reference point M7d
Same as clause 5.16.6.1.4.
[bookmark: _Toc194067667]5.16.6.2.5	CMCD reporting at reference point M4d
Same as clause 5.16.6.1.5.
[bookmark: _Toc194067668]5.16.6.2.6	Data reporting at reference point R4
The 5GMSd AS provides CMCD information to the Data Collection AF instantiated in the 5GMSd AF at reference point R4. To support this functionality, the following solution may be considered:
-	The 5GMSd AS creates a data reporting session with the Data Collection AF instantiated in the 5GMSd AF.
-	Based on CMCD information conveyed using a CMCD query parameter or CMCD request headers in M4d requests, the 5GMSd AS submits data reports to the Data Collection AF instantiated in the 5GMSd AF. The format of the data report is a new record data type defined in clause 4.7.2 of TS 26.501 [15] and specified in clause 17 of TS 26.512 [16] based on the CMCD JSON document format specified in CTA‑5004 [105]. Clause 7.3.2.3 of TS 26.532 [107] needs to be extended to allow records of this new type to be reported to the Data Collection AF in a DataReport.
[bookmark: _Toc194067669]5.16.6.2.7	Event exposure at reference point R5 and R6
Same as clause 5.16.6.1.7.
[bookmark: _Toc194067670]5.16.6.2.8	Functional changes to 5GMSd AF
Same as clause 5.16.6.1.8.
[bookmark: _Toc194067671]5.16.6.2.9	Functional changes to 5GMSd AS
Functionalities in the 5GMSd AS to extract and process CMCD information received from the Media Player via reference point M4d and:
1.	Report it to the Data Collection AF instantiated in the 5GMSd AF via reference point R4.
2.	Proactively request media segments from the 5GMSd Application Provider at reference point M2d, if this optional feature is supported.
[bookmark: _Toc194067672]5.16.6.2.10	Functional changes to Media Player
Same as clause 5.16.6.1.10.
[bookmark: _Toc194067673]5.16.6.2.11	Functional changes to Media Session Handler
Same as clause 5.16.6.1.11.
[bookmark: _Toc194067674]5.16.6.3	Out-of-band reporting of CMCD information via reference point M11d and M5d
[bookmark: _Toc194067675]5.16.6.3.1	Provisioning information at reference point M1d
Same as clause 5.16.6.1.1
[bookmark: _Toc194067676]5.16.6.2.2	Configuration signalling at reference point M3d/R4
Not relevant to this solution.
[bookmark: _Toc194067677]5.16.6.3.3	Configuration signalling at reference point M5d
Same as clause 5.16.6.1.3.
[bookmark: _Toc194067678]5.16.6.3.4	Media Player configuration API at reference point M11d
Same as clause 5.16.6.1.4.
[bookmark: _Toc194067679]5.16.6.3.5	CMCD reporting at reference point M11d
The Media Player reports CMCD information to the Media Session Handler at reference point M11d. To support this functionality, the following solution may be considered:
-	Reuse the mechanism for exposing QoE metrics to the Media Session Handler specified in clause 13.2.5 and 13.2.6 of TS 26.512 [16].
[bookmark: _Toc194067680]5.16.6.3.6	CMCD reporting at reference point M5d
The Media Session Handler reports CMCD information to the 5GMSd AF at reference point M5d. To support this functionality, the following solution may be considered:
-	Reuse the QoE metrics reporting mechanism specified in clause 11.4 of TS 26.512 [16] with the set of report formats extended to include CMCD JSON documents as specified in CTA‑5004 [105]. The CMCD JSON document conveys the media delivery session identifier chosen by the Media Session Handler.
[bookmark: _Toc194067681]5.16.6.3.7	Event exposure at reference point R5 and R6
Same as clause 5.16.6.1.7.
[bookmark: _Toc194067682]5.16.6.3.8	Functional changes to 5GMSd AF
Same as clause 5.16.6.1.8.
[bookmark: _Toc194067683]5.16.6.3.9	Functional changes to 5GMSd AS
Not relevant to this solution.
NOTE:	Pre-fetching of media segments by the 5GMSd AS is not supported by this solution.
[bookmark: _Toc194067684]5.16.6.3.10	Functional changes to Media Player
Functionalities in the Media Player to report CMCD information to the Media Session Handler at reference point M11d.
NOTE:	Pre-fetching of media segments by the 5GMSd AS is not supported by this solution.
[bookmark: _Toc194067685]5.16.6.3.11	Functional changes to Media Session Handler
Functionalities in the Media Session Handler to process CMCD configuration information and to instruct the Media Player via reference point M11d to initiate CMCD collection reporting.
Functionalities in the Media Session Handler to reformat the CMCD information into the JSON format specified in CTA‑5004 [105] and to submit it to the 5GMSd AF as a QoE metrics report per clause 5.16.6.3.6.
[bookmark: _Toc194067686]
5.16.6A	Relevance of CMCD keys to 5G Media Streaming
Table 5.16.6A-1 provides an analysis of the relevance and benefits of CMCD keys to 5G Media Streaming and recommends if and how to instantiate.
Table 5.16.6A: Analysis of the relevancy and benefits of CMCD keys to 5G Media Streaming
Editor’s Note: this table requires analysis and is work in progress.
	Description
	Key Name
	Header Name
	Type & Unit
	Value definition
	Allowed Modes
	Relevancy for 5G Media Streaming

	Aggregate encoded bit rate
	ab
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.14]
	The aggregate encoded bit rate across a playable combination of tracks. This metric SHOULD NOT be used when the individual bit rates of the tracks are known. This value SHOULD be derived from a playlist/manifest declaration, or it MAY be estimated by the player. If the playlist declares both peak and average bit rate values, the peak value MUST be transmitted. This value MUST NOT be sent if the encoded bit rate is known. 
	Request
Event
	

	Buffer length
	bl
	CMCD-Request
	Inner list of integer milliseconds with token identifiers [4.1.14]
	The buffer length associated with the media object being requested. This value SHOULD be rounded to the nearest 100 ms.
	Request
Event
	

	Backgrounded
	bg
	CMCD-Status
	Boolean
	All players in a session are currently in a state that is not visible to the user due to a user interaction. This key SHOULD only be sent if it is TRUE. If the visibility state of the player is not known this key SHOULD NOT be reported.
	Request
Event
	

	Encoded bit rate
	br
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.14]
	The encoded bit rate. In request mode, this refers to the encoded bit rate of the requested representation. In event mode this refers to the encoded bit rate of the currently selected representation. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bit rate values, the peak value MUST be transmitted. 
	Request
Event
	

	Buffer starvation
	bs
	CMCD-Status
	Boolean
	TRUE if the player buffer was starved at some point between the prior report and this report per reporting destination, resulting in the player entering a rebuffering state or remaining in a rebuffering state. Note that if the player begins requesting data from a new CDN, then this key might initially report buffering caused by the prior CDN.  This key SHOULD NOT be reported if it is FALSE.
If the object type ‘ot’ key is sent along with this key, then the ‘bs’ key refers to the buffer count associated with the particular object type. If no object type is communicated, then the buffer state applies to the current session. 
	Request
Event
	

	Buffer Starvation Absolute
	bsa
	CMCD-Status
	Inner list of integers with optional token identifiers [4.1.14]
	An absolute count of buffer starvation events since session initiation. A buffer starvation event occurs when the state changes  to rebuffering. Token identifier MAY be omitted if the cause of the rebuffering is unknown.
	Request
Event
	

	Buffer Starvation duration
	bsd
	CMCD-Status
	Inner list of integer milliseconds with optional token identifiers [4.1.14]
	A list of durations of each buffer starvation period reported once the rebuffering has completed. This value MUST only be reported once per reporting mode and report destination. Token identifier MAY be omitted if the cause of the rebuffering is unknown.
	Request
Event
	

	Buffer Starvation Duration Absolute
	bsda
	CMCD-Status
	Inner list of integer milliseconds with optional token identifiers [4.1.14]
	An absolute count of buffer starvation duration since session initiation. Token identifier MAY be omitted if the cause of the rebuffering is unknown.
	Request
Event
	

	Custom Event Name
	cen
	N/A
	String
	Used to define a custom event name. A maximum length of 64 characters is allowed. This key MUST be sent when the event type is 'ce' (custom event) and MUST NOT be sent when the event type is any other value. A custom key-value pair MAY be used to transfer a custom value associated with this event. The names chosen SHOULD associate the custom event name with the custom key name.
	Event
	

	[bookmark: _heading=h.z337ya]Content ID
	cid
	CMCD-Session
	String
	A unique string identifying the current content. The maximum length is 128 characters. This value is consistent across multiple different sessions and devices and is defined and updated at the discretion of the service provider.
	Request
Event
	

	CMSD Dynamic Header
	cmsdd
	N/A
	String
	Holds a Base64 [13] encoded copy of the CMSD [15] data received on the CMSD-Dynamic response header. This key MUST only be reported on events of type rr (response received).
	Event
	

	CMSD Static Header
	cmsds
	N/A
	String
	Holds a Base64 [13] encoded copy of the CMSD [15] data received on the CMSD-Static response header. This key MUST only be reported on events of type rr (response received).
	Event
	

	Content Signature
	cs
	CMCD-Request
	String
	A string representing a signature of the content being played. This field SHOULD vary with content ID and be bound by some mechanism to the content. For example, this field may be used to transmit the C2PA signature associated with the content being viewed.
	Request
Event
	

	[bookmark: _heading=h.3j2qqm3]Object duration
	d
	CMCD-Object
	Integer milliseconds
	The playback duration in milliseconds of the object being requested. If a partial segment is being requested, then this value MUST indicate the playback duration of that part and not that of its parent segment. This value can be an approximation of the estimated duration if the explicit value is not known. This value MUST NOT be sent for objects which do not have an object type of  ‘a’, ‘v’, ‘av’, ‘tt’, ‘c’, or ‘o’. 
	Request
Event
	

	Dropped Frames Absolute
	dfa
	CMCD-Request
	Integer
	An absolute count of dropped frames since session initiation. This key should only be sent for content types of 'v','av' or 'o'. Note that this value will be driven by the content being rendered rather than the content being retrieved, therefore it is beneficial if accompanied by the playhead time 'pt' key to allow for correct interpretation. 
	Request
Event
	

	[bookmark: _heading=h.1y810tw]Deadline
	dl
	CMCD-Request
	Integer milliseconds
	Deadline from the request time until the first sample of this Segment/Object needs to be available in order to not create a buffer underrun or any other playback problems. This value MUST be rounded to the nearest 100ms. For a playback rate of 1, this may be equivalent to the player’s remaining buffer length. 
	Request
Event
	

	Event
	e
	N/A
	Token - one of [abs,abe,ae,as,b,bc,c,ce,e,h,m,pc,pe,ps,rr,sk,t,um]
	This key MUST only be used in Event mode, and MUST be present on all reports. The minimum recommended set of supported events are: `ps`, `e`, `t`, and `rr`.
abs - ad break start: The start of an ad break or ad pod which would contain 1 or more sequential ads. 
abe - ad break end: This signals the end of an ad break or ad pod. If the ad break is ended early for any reason this event should still be fired when leaving the ad break and resuming content.  This token should only be used if the associated ad break start event has been triggered before.  
ae - ad end:  this token should be used at the end of the current playing ad but before exiting the ad. This includes if the ad has an error during playback or if the ad is being skipped mid playback. This token should only be used if the associated ad start event has been triggered before.  
as - ad start: this token should be used when a new ad begins playing within an ad break pod.
 b - the player has entered backgrounded mode if this event is accompanied by the ‘bg’ key and exited backgrounded mode if not.
bc - the bitrate being requested by the player, for any object type, has changed.
c - content ID has changed. 
ce - custom event.
e - the player has experienced an error. This token MUST be accompanied by a 'ec' key defining the player error code. 
h - hostname has changed.
m - mute. The user activated the mute control or set the volume to zero. 
pc - playerCollapse: the user activated a control to reduce the player to a smaller size. The definition of this event is intended to be compliant with the VAST [14] Player Operation Metrics.  
pe - playerExpand. The user activated a control to extend the player to a larger size. The definition of this event is intended to be compliant with the VAST [14] Player Operation Metrics.
pr - playback rate change. This event only triggers while the state is playing ('p'). Note that certain players may have very frequent playback rate changes, in which case use of this event is not recommended. 
ps - play state change. This token MUST be accompanied by a 'sta' key carrying the new state. 
rr - response received: This signals the receipt of a response. This event SHOULD be accompanied with the url key holding the URL of the request that triggered this response.
sk - skip: the user activated a control to skip an advertisement. 
t - time interval. The interval at which these reports are made is application-defined. A default interval of 30 seconds SHOULD be used if no explicit application interval is provided. Short form content may wish to use a shorter interval. An application-defined interval of zero should be interpreted as turning off interval event reporting. This event MUST be supported by all players that support Event mode. 
um - unmute. The user deactivated the mute control or raised the volume above zero if it was previously set to zero.  


	Event

	

	Player Error Code
	ec
	CMCD-Status
	Inner list of strings
	A string defining an error code produced by the player. The namespace and formatting of this error code is left to the application. 
Even if only one error code is being specified, the list notation MUST still be used.
Errors should be buffered per report destination as they occur and reported along with the next CMCD report. With Event mode there is the option to report errors as they occur.
	Request
Event
	

	[bookmark: _heading=h.2jxsxqh]Hostname
	h
	N/A
	String
	A string identifying the current hostname from which the player is retrieving content. Maximum length is 128 characters. 
	Event
	

	Lowest aggregated encoded bitrate
	lab
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.14]
	The lowest aggregated bit rate rendition in the manifest or playlist. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bit rate values, the peak value MUST be transmitted. The aggregate encoded bit rate is of the complete media object including all object types. This value MUST NOT be sent if the lowest encoded bit rate is known. 
	Request
Event
	

	Lowest encoded bitrate
	lb
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.14]
	The lowest bitrate rendition in the manifest or playlist. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bit rate values, the peak value MUST be transmitted. This lowest bit rate MUST apply to the object type being requested. Requests for video objects MUST specify the lowest video bit rate and requests for audio objects MUST specify the lowest audio bit rate.
	Request
Event
	

	Live stream latency
	ltc
	CMCD-Request
	Integer milliseconds
	The time delta between when a given media timestamp was made available at the origin and when it was rendered by the player. The accuracy of this estimate is dependent on synchronization between the packager and the player clocks.
	Request
Event
	

	Media Start Delay
	msd
	CMCD-Session
	Integer milliseconds
	Measures the initial delay in wall-clock time from when a player is instructed to play media for a given session to when any media begins playback, whether it be primary content or interstitial content. This value SHOULD be the time difference between the "starting" and "playing" states. 
This key MUST only be sent once per Session ID and MUST be sent for each reporting mode which is active within the player.
For request reporting mode, this key SHOULD be sent on the next media object request following successful startup.
	Request
Event
	

	[bookmark: _heading=h.4i7ojhp]Measured throughput
	mtp
	CMCD-Request
	Inner list of integer kbps with token identifiers [4.1.14]
	The throughput between player and server, as measured by the player. Throughput MUST be rounded to the nearest 100 kbps. This value, however derived, SHOULD be the value that the player is using to make its next Adaptive Bitrate switching decision. If the player is requesting different object types from different providers then it SHOULD take care to match the throughput measured against that provider with each object type request. It is acceptable to report aggregate information if objects of the same type are requested from different providers. If the player has multiple concurrent connections to the provider, then the intent is that this value communicates the aggregate throughput the player sees across all those connections. If this key is sent on an interval report, the value transmitted should be the last throughput estimate made by the player prior to making the report. There is no requirement for the player to calculate the average measured throughput since the prior interval report.
	Request
Event
	

	[bookmark: _heading=h.2xcytpi]Next object request
	nor
	CMCD-Request
	Inner list of strings

	The relative path, as defined by RFC3986 [3], to one or more objects which can reasonably be expected to be requested by the player making the current request.Each object SHOULD be fetched in its entirety unless there is a range associated with the future request. Even if only one object is being specified, the list notation MUST still be used.  If there is a range associated with the future request, then the range is communicated as the parameter 'r' with a String value. The formatting of the String value is similar to the HTTP Range header, except that the unit MUST be ‘byte’, the ‘Range:’ prefix is NOT permitted, specifying multiple ranges is NOT allowed and the only valid combinations are:
"<range-start>-"
"<range-start>-<range-end>"
"-<suffix-length>"
The player SHOULD NOT depend upon any pre-fetch action being taken - it is merely a request for such a pre-fetch to take place.
	Request
Event
	

	Non rendered
	nr
	CMCD-Status
	Boolean
	True when the content being retrieved by a player is not rendered as audio or video. The key SHOULD only be sent when it is TRUE. The purpose of this key is to disambiguate active background players from foreground players which may be rendering interstitial content. 
	Request
Event
	

	[bookmark: _heading=h.3whwml4]Object type
	ot
	CMCD-Object
	Token - one of [m,a,v,av,i,c, tt,k,o]
	The media type of the current object being requested:
m = text file, such as a manifest or playlist
a = audio only
v = video only
av = muxed audio and video
i = init segment
c = caption or subtitle
tt = ISOBMFF timed text track
k = cryptographic key, license or certificate.
o = other
If the object type being requested is unknown, then this key MUST NOT be used. 
This key is also used as a token parameter for other keys, as described in Section 4.1.14.
	Request
Event
	

	[bookmark: _heading=h.1ksv4uv]Playhead bitrate
	pb
	CMCD-Request
	Inner list of integer kbps with token identifiers [4.1.14]
	The encoded bitrate of the media object(s) being shown to the end user.
	Request
Event
	

	[bookmark: _heading=h.2bn6wsx]Playback rate
	pr
	CMCD-Status
	Decimal
	1.0 if real-time, 2.0 if double speed, 0 if not playing. SHOULD only be sent if not equal to 1.0. 
	Request
Event
	

	Playhead time
	pt
	CMCD-Status
	Integer milliseconds
	The playhead time, expressed in milliseconds, which is being rendered to the viewer when the report is made. For Event mode, this corresponds to the playhead time that was rendered at the wallclock time reported by the timestamp field.
For VOD, this MUST be milliseconds offset from the beginning of the media asset. For live streams with a playhead date time, this field MUST be expressed as the number of milliseconds that have elapsed since the Unix Epoch (January 1, 1970, at 00:00:00 UTC), excluding leap seconds [17].
	Request
Event
	

	Response code
	rc
	N/A
	Integer
	The response code received when requesting a media object. In a redirect scenario, this would be the final response code received. A value of 0 SHOULD be used to indicate that a response was not received.
This key MUST only be reported on events of type rr (response received).
	Event 
	

	[bookmark: _heading=h.qsh70q]Requested maximum throughput
	rtp
	CMCD-Status
	Integer kbps
	The requested maximum throughput that the player considers sufficient for delivery of the asset. Values MUST be rounded to the nearest 100kbps. For example, a player would indicate that the current segment, encoded at 2Mbps, is to be delivered at no more than 10Mbps, by using rtp=10000.
Note: This can benefit players by preventing buffer saturation through over-delivery and can also deliver a community benefit through fair-share delivery. The concept is that each player receives the throughput necessary for great performance, but no more. The CDN may not support the rtp feature. 
	Request
Event
	

	[bookmark: _heading=h.3as4poj]Streaming format
	sf
	CMCD-Session
	Token - one of [d,h,e,s,o]
	The streaming format that defines the current request.
d = MPEG DASH [9]
h = HTTP Live Streaming (HLS) [10]
e = HESP [11]
s = Smooth Streaming [12]
o = other
	Request
Event
	

	Session ID
	sid 
	CMCD-Session
	String
	A GUID identifying the current playback session. A playback session typically consists of the playback of a single media asset along with accompanying content such as advertisements.. This session may comprise the playback of primary content combined with interstitial content.  This session is being played on a single device. The maximum length is 64 characters. It is RECOMMENDED to conform to the UUID specification [6].
	Request
Event
	The sessioin identifier for the 5G Media Streamng session as defined in TS 26.512

	SMRT-Data Header
	smrt
	N/A
	String
	Holds a Base64 [13] encoded copy of the streaming media response tracing data received on the Request Tracing header[16]. This key MUST only be reported on events of type rr (response received).
	Event
	

	[bookmark: _heading=h.1pxezwc]Sequence Number
	sn
	CMCD-Request
	Integer
	A monotonically increasing integer to identify the sequence of a CMCD report to a target within a session. This MUST be reset to zero on the start of a new session-id. Sequence numbers increase independently per each combination of mode and target.
	Request
Event
	

	Stream type
	st
	CMCD-Session
	Token - one of [v,l,ll]
	v = all segments are available – e.g., VOD
l = segments become available over time – e.g., LIVE
ll = low latency LIVE
	Request
Event
	

	[bookmark: _heading=h.49x2ik5]State
	sta
	CMCD-Request
	Token - one of [s,p,k,r,a,w,e,f,q,d ] 
	A token describing the current playback state of the player as perceived by the end user, one of:
s - starting: the player has been instructed to play media for a given session, either by a user interaction or by an autoplay action. 
p - playing : Media is being rendered.
k - seeking : The start of the action of moving the playhead position after starting.
r - rebuffering : Media has stopped being rendered due to an insufficient buffer. This state is not reported during startup or seeking. 
a - paused : Playback has been intentionally paused by either the user or the player.
e - ended : Rendering has ended due to completion of the media asset playback.
f - fatal error : Rendering has ended due to an irrecoverable error.
q - quit : User initiated end of playback before media asset completion.
d - preloading : the player is loading, or has loaded, assets ahead of starting in order to provide a fast startup. The expectation is that playback will commence at a future time. 
Note: if used with Request Mode, then this key represents a snapshot of the state at request time, which may obscure prior state changes since the last request. For most accurate state tracking in players, use Event mode. The addition of a timestamp in Request Mode might be useful in correctly placing the state change on a timeline. 
	Request
Event
	

	Startup
	su
	CMCD-Request
	Boolean
	Key is included without a value if the object is needed urgently due to startup, seeking or recovery after a buffer-empty event. The player reports this key as true until its buffer first reaches the target buffer for stable playback.
Note: the starting State 's' is valid until the player renders media for the end user, which may be different from when the target buffer has been reached. As a result, 'su'  = TRUE and 'sta' = 's' are not expected to align on a timeline. 
	Request
Event
	

	Top aggregated encoded bitrate
	tab
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.14]
	The highest aggregated bitrate rendition in the manifest or playlist. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. The aggregate encoded bitrate is of the complete media object including all object types. This value MUST NOT be sent if the top encoded bitrate is known. 
	Request
Event
	

	Top encoded bitrate
	tb
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.14]
	The highest bitrate rendition in the manifest or playlist. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. This top bitrate MUST apply to the object type being requested. Requests for video objects MUST specify the top video bitrate and requests for audio objects MUST specify the top audio bitrate.
	Request
Event
	

	[bookmark: _heading=h.44sinio]Target Buffer length
	tbl
	CMCD-Request
	Inner list of integer milliseconds with token identifiers [4.1.14]
	The target buffer length associated with the media object being requested at the time of the request. This value SHOULD be rounded to the nearest 100  ms.
	Request
Event
	

	Top playable bitrate
	tpb
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.14]
	The highest bitrate rendition that the player is currently capable of playing for reasons other than bandwidth limitations. This key captures the cases in which, for example,  screen resolution, DRM, or performance constraints limit the player's topmost choice of bitrate. These constraints are intentionally obfuscated for privacy reasons. 
This key can increase the fingerprinting surface exposed by CMCD transmission and SHOULD NOT be transmitted in a default player configuration. 

If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. This top playable bitrate MUST apply to the object type being requested. Requests for video objects MUST specify the top playable video bitrate and requests for audio objects MUST specify the top playable audio bitrate. This value MUST NOT be sent for objects which do not have an object type of  ‘a’, ‘v’, ‘av’ or ‘c’. 
	Request
Event
	

	Timestamp
	ts
	N/A
	Integer milliseconds
	The timestamp at which the associated event occurred, expressed as the number of milliseconds that have elapsed since the Unix Epoch (January 1, 1970, at 00:00:00 UTC), excluding leap seconds [17]. When the event is a request for a media object the time SHOULD reference when the request was first initiated.
This key MUST be included with all Event reports. 
	Event 
	

	Time to first byte
	ttfb
	N/A
	Integer milliseconds
	The elapsed time between when the request was first initiated (captured in ts) and the time when the first byte of the response was received. This value should only be reported if it is known. Absence of this key does not indicate that the response was not received. This key MUST only be reported on events of type rr (response received).
	Event
	

	Time to first body byte
	ttfbb
	N/A
	Integer milliseconds
	The elapsed time between when the request was first initiated (captured in ts) and the time the first bytes of the response body are received. This value should only be reported if it is known. Absence of this key does not indicate that the body was not received. This key MUST only be reported on events of type rr (response received).
	Event
	

	Time to last byte
	ttlb
	N/A
	Integer milliseconds
	The elapsed time between when the request was first initiated (captured in ts) and the time the response body is fully received. This value should only be reported if it is known. Absence of this key does not indicate that the response was not fully received. This key MUST only be reported on events of type rr (response received).
	Event
	

	[bookmark: _heading=h.2p2csry]Request URL
	url
	N/A
	String
	The URL used to request the media object. If the request is redirected, this key MUST report the initial requested URL. This key MUST be reported on events of type rr (response received).
	Event
	

	[bookmark: _heading=h.147n2zr]Version
	v
	CMCD-Session
	Integer
	The version of this specification used for interpreting the defined key names and values. If this key is omitted, the player and server MUST interpret the values as being defined by version 1. player SHOULD omit this field if the version is 1 and MUST include this field if the version is not 1. 
	Request
Event
	




5.16.7	Summary and conclusions
The analysis in clause 5.16.1.3 and annex B indicates minimal overlap between CMCD information [105] and existing reporting mechanisms for 5G Media Streaming (QoE metrics reporting and consumption reporting). Based on this, it is recommended that CMCD be considered as a supplementary reporting mechanism for media client data at this point, operating alongside QoE metrics reporting and consumption reporting.
The operational optimisations of the the 5GMSd AS envisaged in point 1 of clause 5.16.1.2 cannot be realised with the out-of-band reporting solution outlined in clauses 5.16.3.3, 5.16.4.3 and 5.16.5.3. For this reason, this is not a preferred solution.
The preferred solution is Option 1 "In-band reporting of CMCD information via reference points M4d and M3d", for the following reasons:
-	In-band reporting reference point M4d is broadly implemented in common media clients nowadays.
-	In-band reporting permits operational optimizations by the 5GMSd AS, which is not the case with Option 3 Out-of-band reporting of CMCD information via reference points M11d and M5d. Solely on the basis of this issue, Option 1 and Option 2 would remain valid candidates.
-	Passing the CMCD information to the 5GMS AF at reference point M3d (Option 1) permits operational optimisations by the 5GMSd AF, which is not the case with Option 2 In-band reporting of CMCD information via reference points M5d and R4 where the CMCD information is handed directly to the Data Collection AF instantiated in the 5GMS AF, but is not visible to the latter.
-	All envisaged use cases can be supported by Option 1.
Hence, it is recommended to implement the solution defined in clause 5.16.6.1 in the relevant 3GPP specifications.
Furthermore, there is a preference to provide deployment choices to the 5GMSd Service Provider to select the use of reporting scheme using either the CMCD query parameter or CMCD request headers.


=====  CHANGE =====
[bookmark: _Toc194068027][bookmark: _Hlk213707471]Annex B:
Comparison of CMCD information with QoE metrics reporting and consumption reporting
This annex compares the existing 5GMS reporting mechanisms with CMCD [105], as discussed in clause 5.16.1.3 of the present document.
Table B-1: Comparison of CMCD information with QoE metrics reporting and consumption reporting
	CMCD
[105]
	Media delivery QoE metrics reporting
[3GPP TS 26.510 Rel-18]
	Media delivery consumption reporting [3GPP TS 26.510 Rel-18]

	Scope
	Key
	Description
	CMCD
version
	Type and unit
	Source
	Xpath
	Description
	Data type and property
	Description

	CMCD-Session
	v
	CMCD version
	1
	Integer
	TS 26.247 clause 10.6.2
	ReceptionReport‌@schemaVersion
	Schema version
	
	 

	CMCD-Session
	cid
	Content identifier
	1
	String
	TS 26.247 clause 10.6.2
	ReceptionReport‌@contentURI
	Content URI
	ConsumptionReport.‌mediaPlayerEntry
	Media Player Entry URL

	
	
	
	
	
	TS 26.247 clause 10.6.2
	ReceptionReport‌@clientID
	Client identifier
	ConsumptionReport.‌reportingClientId
	Reporting client identifier

	CMCD-Session
	sid
	Session identifier
	1
	String
	TS 26.247 clause 10.6.2
	ReceptionReport/QoeReport‌@recordingSessionID
	Media delivery session identifier
	ConsumptionReport.‌sessionId
	Media delivery session identifier

	CMCD-Session
	st
	Stream type (live/on-demand)
	1
	String token
	
	
	
	
	

	CMCD-Session
	sf
	Streaming format (DASH, HLS, Smooth, other)
	1
	String token
	
	
	
	
	

	CMCD-Session
	msd
	Media start delay
	2
	Integer ms
	TS 26.247 clause 10.2.9
	ReceptionReport/QoeReport/‌QoEMetric/PlayoutDelayfor‌MediaStartup
	Media playout start-up delay	Comment by Richard Bradbury: Does the v2 key msd map to this?	Comment by Thomas Stockhammer (26-B): applied
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation‌@representationId
	Representation ID
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation‌@subreplevel
	Unspecified
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation/‌MpdInfo‌@codecs
	Unspecified
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation/‌MpdInfo‌@bandwidth
	Representation bit rate?
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation/‌MpdInfo‌@qualityRanking
	Unspecified
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation/MpdInfo‌@frameRate
	Representation frame rate (video representations only)?
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation/‌MpdInfo‌@width
	Representation width (video representations only)?
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation/‌MpdInfo‌@height
	Representation height (video representations only)?
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.8
	ReceptionReport/QoeReport/‌QoEMetric/MPDInformation/‌MpdInfo‌@mimeType
	Representation MIME content type?
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry‌@start
	Sampling timestamp (wallclock)	Comment by Richard Bradbury: Does the v2 key ts map to this?
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry@mstart
	Sampling timestamp (media presentation)	Comment by Richard Bradbury: Does the v2 key pt map to this?
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry‌@videoWidth
	Width of video viewport (pixels)
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry‌@videoHeight
	Height of video viewport (pixels)
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry‌@screenWidth
	Width of screen (pixels)
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry‌@screenHeight
	Height of screeen (pixels)
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/supplementQoEMetric/deviceinformation/Entry@pixelWidth
	Width of screen pixel (mm)
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry‌@pixelHeight
	Height of screen pixel (mm)
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry‌@fieldOfView
	Horizontal angle subtended at eye by screen (degrees)
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.5
	ReceptionReport/QoeReport/‌QoEMetric/InitialPlayoutDelay
	Initial playout delay	Comment by Richard Bradbury: Does the v2 key msd map to this?
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.9
	ReceptionReport/QoeReport/‌QoEMetric/PlayoutDelayfor‌MediaStartup
	Media playout start-up delay	Comment by Richard Bradbury: Does the v2 key msd map to this?
	
	

	CMCD-Status
	rtp
	Requested maximum throughput
	1
	Integer kbit/s
	
	
	
	
	

	CMCD-Status
	bs
	Buffer starvation
	1
	Boolean
	
	
	
	
	

	CMCD-Status
	bsa
	Buffer starvation absolute
	2
	Integer ms
	
	
	
	
	

	CMCD-Status
	bsd
	Buffer starvation duration
	2
	Integer ms
	
	
	
	
	

	CMCD-Status
	bsda
	Buffer starvation duration absolute
	2
	Integer ms
	
	
	
	
	

	CMCD-Status
	ec
	Player error code
	2
	string
	
	
	
	
	

		Comment by Richard Bradbury: This v1 key already appears lower down the table.
	
	
	
	
	
	
	
	
	

	CMCD-Status
	pt
	Playhead time
	2
	Integer ms
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry@mstart
	Sampling timestamp (media presentation)	Comment by Richard Bradbury: Does the v2 key pt map to this?	Comment by Thomas Stockhammer (26-B): Applied
	
	

	N.A.
	ts
	Timestamp
	2
	Integer ms
	TS 26.247 clause 10.2.10
	ReceptionReport/QoeReport/‌supplementQoEMetric/‌deviceinformation/Entry‌@start
	Sampling timestamp (wallclock)	Comment by Richard Bradbury: Does the v2 key ts map to this?	Comment by Thomas Stockhammer (26-B): Applied
	
	

	N.A.
	h
	Hostname
	2
	String
	
	
	
	
	

	CMCD-Status
	nr
	Non-rendered
	2
	Boolean
	
	
	
	
	

	CMCD-Status
	bg
	Backgrounded
	2
	Boolean
	
	
	
	
	

	N.A.
	e
	Event
	2
	token
	
	
	
	
	

	N.A.
	cen
	Custom event name
	2
	string
	
	
	
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.6
	ReceptionReport/QoeReport/‌QoEMetric/BufferLevel@t
	Buffer level timestamp
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.6
	ReceptionReport/QoeReport/‌QoEMetric/BufferLevel@level
	Buffer level
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.4
	ReceptionReport/QoeReport/‌QoEMetric/AvgThroughtput@t
	Sampling timestamp (wallclock)
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.4
	ReceptionReport/QoeReport/‌QoEMetric/AvgThroughtput@duration
	Sampling period
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.4
	ReceptionReport/QoeReport/‌QoEMetric/AvgThroughtput@numBytes
	HTTP body bytes downloaded
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.4
	ReceptionReport/QoeReport/‌QoEMetric/AvgThroughtput@activityTime
	Time of incomplete GET
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.4
	ReceptionReport/QoeReport/‌QoEMetric/AvgThroughtput@inactivityType
	Pause, client buffer control, error
	
	

	
	
	
	
	
	TS 26.247 clause 10.2.4
	ReceptionReport/QoeReport/‌QoEMetric/AvgThroughtput@accessbearer
	Access bearer used for download
	
	

	CMCD-Object
	ot
	Object type (init, audio, video, audio-video, subtitle, text, crypto, other)
	1
	String token
	
	
	
	
	

	CMCD-Object
	d
	Object duration
	1
	Integer ms
	
	
	
	
	

	CMCD-Object
	br
	Encoded bit rate
	1
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	tb
	Top bit rate
	1
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	tb
	Top encoded bit rate
	2
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	tpb
	Top playable bit rate
	2
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	lb
	Lowest encoded bit rate
	2
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	ab
	Aggregate encoded bit rate
	2
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	tab
	Top aggregated encoded bit rate
	2
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	lab
	Lowest aggregated encoded bit rate
	2
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	tpb
	Top playable bitrate
	2
	Integer kbit/s
	
	
	
	
	

	CMCD-Object
	url
	Request URL
	2
	String
	
	
	
	
	

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace‌@start
	Playback period start time (wallclock)
	
	

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace‌@mstart
	Playback period start time (media presentation)
	
	

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace‌@startType
	New playout request, Resume from pause, Start metrics collection, Other
	
	

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace/‌TraceEntry@representationId
	RepresentationID
	ConsumptionReportingUnit.‌mediaConsumed
	e.g. MPEG-DASH representationID

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace/‌TraceEntry@subrepLevel
	Greatest value of sub-representation level being rendered
	
	

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace/‌TraceEntry@start
	Time when first media sample rendered (wallclock)
	ConsumptionReportingUnit.‌startTime
	Start of consumption

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace/‌TraceEntry@sstart
	Time when first media sample rendered (media presentation)
	
	

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace/‌TraceEntry@duration
	Duration of continuously presented media samples
	ConsumptionReportingUnit.‌duration
	Duration of consumption

	CMCD-Session
	pr
	Playback rate
	1
	Decimal
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace/‌TraceEntry@playbackSpeed
	Playback speed relative to normal (normal = 1.0)
	
	

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace/‌TraceEntry@stopReason
	Representation switch, Rebuffering, User request, Period end, Presentation end, Metrics collection end, Failure, other
	
	

	
	
	
	
	
	TS 26.510 clause 10.2.7
	ReceptionReport/QoeReport/‌QoEMetric/PlayList/Trace/‌TraceEntry@stopReasonOther
	Other stop reason (free text)
	
	

	
	
	
	
	
	
	
	
	ConsumptionReportingUnit.‌clientEndpointAddress
	Client endpoint address

	
	
	
	
	
	
	
	
	ConsumptionReportingUnit.‌serverEndpointAddress
	Server endpoint address

	
	
	
	
	
	
	
	
	ConsumptionReportingUnit.‌sliceInfo
	S-NSSAI

	
	
	
	
	
	
	
	
	ConsumptionReportingUnit.‌dnn
	Data Network Name

	
	
	
	
	
	
	
	
	ConsumptionReportingUnit.‌locations
	Locations where content was consumed

	CMCD-Request
	bl
	Buffer length 
	1
	Integer ms
	
	
	
	
	

	CMCD-Request
	dl
	Deadline
	1
	Integer ms
	
	
	
	
	

	CMCD-Request
	mtp
	Measured throughput
	1
	Integer kbit/s
	
	
	
	
	

	CMCD-Request
	nor
	Next object request
	1
	String
	
	
	
	
	

	CMCD-Request
	nrr
	Next range request
	1
	String
	
	
	
	
	

	CMCD-Request
	su
	Start-up
	1
	Boolean
	
	
	
	
	

	CMCD-Request
	cs
	Content signature
	2
	String
	
	
	
	
	

	CMCD-Request
	dfa
	Dropped frames absolute
	2
	Integer
	
	
	
	
	

	CMCD-Request
	ltc
	Live stream latency
	2
	Integer ms
	
	
	
	
	

	CMCD-Request
	pb
	Playhead bit rate
	2
	Integer
	
	
	
	
	

	CMCD-Request
	tbl
	Target buffer length
	2
	Integer
	
	
	
	
	

	CMCD-Request
	sn
	Sequence number
	2
	Integer
	
	
	
	
	

	N.A.
	rc
	Response code
	2
	Integer
	
	
	
	
	

	CMCD-Request
	sta
	State
	2
	Token
	
	
	
	
	

	N.A.
	ttfb
	Time to first byte
	2
	Integer ms
	
	
	
	
	

	N.A.
	ttfbb
	Time to first body byte
	2
	Integer ms
	
	
	
	
	

	N.A.
	ttlb
	Time to last byte
	2
	Integer ms
	
	
	
	
	

	N.A.
	smrt
	SMRT header
	2
	String
	
	
	
	
	

	N.A.
	cmsds
	CMSD static header
	2
	String
	
	
	
	
	

	N.A.
	cmsdd
	CMSD dynamic header
	2
	String
	
	
	
	
	



===== Extract from CMCDv2 draft specification =====
Editor’s Note: Provided for reference only. To be removed before agreeing the CR.
Table 1: Reserved Key and Value definitions
Markup legend: green underline = added/updated | red strikethrough = removed/old
Rules: rows matched only by Key Name; table order follows Table-1; detailed inline diff is token-based within each cell; keys missing from Table-1 are shown as removed at the end.
	Description
	Key Name
	Header Name
	Type & Unit
	Value definition
	Allowed Modes

	Aggregate encoded bitrate
	ab
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.114]
	The aggregate encoded bitrate across a playable combination of tracks. This metric SHOULD NOT be used when the individual bitrates of the completetracks mediaare object including all object typesknown. This value SHOULD be derived from a playlist/manifest declarationsdeclaration, or it MAY be estimated by the player. If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. This value MUST NOT be sent if the encoded bitrate is known.  
	Request
Event

	Buffer length
	bl
	CMCD-Request
	Inner list of integer milliseconds with token identifiers [4.1.114]
	The buffer length associated with the media object being requested. This value SHOULD be rounded to the nearest 100 ms.
	Request
Event

	Backgrounded
	bg
	CMCD-Status
	Boolean
	All players in a session are currently in a state that is not visible to the user due to a user interaction. This key SHOULD only be sent if it is TRUE. If the visibility state of the player is not known this key SHOULD NOT be reported.
	Request
Event

	Encoded bitrate
	br
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.114]
	The encoded bitrate. In request mode, this refers to the encoded bitrate of the requested representation. In event mode this refers to the encoded bitrate of the currently selected representation. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted.  
	Request
Event

	Buffer starvation
	bs
	CMCD-Status
	Boolean
	KeyTRUE if the player buffer was starved at some point between the prior report and this report per reporting destination, resulting in the player entering a rebuffering state or remaining in a rebuffering state. Note that if the player begins requesting data from a new CDN, then this key might initially report buffering caused by the prior CDN.  This key SHOULD NOT be reported if it is included without a value if the buffer was starved at some point between the prior report and this report resulting in the player being in a rebuffering state and the video or audio playback being stalled. Note that if the player begins requesting data from a new CDN, then this key might initially report buffering caused by the prior CDN. 
FALSE. 
If the object type ‘ot’ key is sent along with this key, then the ‘bs’ key refers to the buffer count associated with the particular object type. If no object type is communicated, then the buffer state applies to the current session. This key SHOULD only be reported once per rebuffering event per report destination. 
	Request
Event

	Buffer Starvation Absolute
	bsa
	CMCD-Status
	Inner list of integers with optional token identifiers [4.1.14]
	An absolute count of buffer starvation events since session initiation. A buffer starvation event occurs when the state changes  to rebuffering.   Token identifier MAY be omitted if the cause of the rebuffering is unknown.
	Request
Event

	Buffer starvationStarvation duration
	bsd
	CMCD-Status
	IntegerInner list of integer milliseconds with optional token identifiers [4.1.14]
	DurationA list of thedurations latestof rebufferingeach buffer starvation period reported once the rebuffering has completed. This value MUST only be reported once per rebuffering incident, per object type, per reporting mode and report destination.
If Token identifier MAY be omitted if the objectcause typeof ‘ot’the keyrebuffering is sent along with this key, then the ‘bsd’ key refers to the buffer associated with the particular object typeunknown. If no object type is communicated, then the buffer state applies to the current session.
	Request
Event

	Buffer Starvation Duration Absolute
	bsda
	CMCD-Status
	Inner list of integer milliseconds with optional token identifiers [4.1.14]
	An absolute count of buffer starvation duration since session initiation.  Token identifier MAY be omitted if the cause of the rebuffering is unknown.
	Request
Event

	Custom Event Name
	cen
	CMCD-StatusN.A
	String
	Used to define a custom event name. A maximum length of 64 characters is allowed. This key MUST be sent when the event type is 'ce' (custom event) and MUST NOT be sent when the event type is any other value. A custom key-value pair MAY be used to transfer a custom value associated with this event. The names chosen SHOULD associate the custom event name with the custom key name.  
	Event

	Content ID
	cid
	CMCD-Session
	String
	A unique string identifying the current content. MaximumThe maximum length is 128 characters. This value is consistent across multiple different sessions and devices and is defined and updated at the discretion of the service provider.
	Request
Event

	CMSD Dynamic Header
	cmsdd
	CMCD-RequestN.A
	String
	Holds a Base64 [1413] encoded copy of the CMSD [1715] data received on the CMSD-Dynamic response header. This key MUST only be reported on events of type rr (response received).
	Event

	CMSD Static Header
	cmsds
	CMCD-RequestN.A
	String
	Holds a Base64 [1413] encoded copy of the CMSD [1715] data received on the CMSD-Static response header. This key MUST only be reported on events of type rr (response received).
	Event

	Content Signature
	cs
	CMCD-Request
	String
	A string representing a signature of the content being played. This field SHOULD vary with content ID and be bound by some mechanism to the content. For example, this field may be used to transmit the C2PA signature associated with the content being viewed.  
	Request
Event

	Object duration
	d
	CMCD-Object
	Integer milliseconds
	The playback duration in milliseconds of the object being requested. If a partial segment is being requested, then this value MUST indicate the playback duration of that part and not that of its parent segment. This value can be an approximation of the estimated duration if the explicit value is not known. This value MUST NOT be sent for objects which do not have an object type of    ‘a’, ‘v’, ‘av’, ‘tt’, ‘c’, or ‘o’.  
	Request
Event

	Dropped Frames Absolute
	dfa
	CMCD-Request
	Integer
	An absolute  count of dropped frames since session initiation. This key should only be sent for content types of 'v','av' or 'o'. Note that this value will be driven by the content being rendered rather than the content being retrieved, therefore it is beneficial if accompanied by the playhead time 'pt' key to allow for correct interpretation. 
	Request
Event

	Deadline
	dl
	CMCD-Request
	Integer milliseconds
	Deadline from the request time until the first sample of this Segment/Object needs to be available in order to not create a buffer underrun or any other playback problems. This value MUST be rounded to the nearest 100ms. For a playback rate of 1, this may be equivalent to the player’s remaining buffer length.  
	Request
Event

	Event
	e
	CMCD-StatusN.A
	Token - one of [psabs,abe,ae,as,b,bc,c,ce, e,h,m,pc,pe,ps,rr,sk,t,c,b,m,um, pe, pc, sk, abs, abe, as, ae, rr]
	This key MUST only be used in Event mode, and MUST be present on all reports. The minimum recommended set of supported events are: `ps`, `e`, `t`, and `rr`.
abs - ad break start: The start of an ad break or ad pod which would contain 1 or more sequential ads. 
abe - ad break end: This signals the end of an ad break or ad pod. If the ad break is ended early for any reason this event should still be fired when leaving the ad break and resuming content.  This token should only be used if the associated ad break start event has been triggered before.  
ae - ad end:  this token should be used at the end of the current playing ad but before exiting the ad. This includes if the ad has an error during playback or if the ad is being skipped mid playback. This token should only be used if the associated ad start event has been triggered before.  
as - ad start: this token should be used when a new ad begins playing within an ad break pod.
 b - the player has entered backgrounded mode if this event is accompanied by the ‘bg’ key and exited backgrounded mode if not.
bc - the bitrate being requested by the player, for any object type, has changed.
c - content ID has changed. 
ce - custom event.
e - the player has experienced an error. This token MUST be accompanied by a 'ec' key defining the player error code. 
h - hostname has changed.
m - mute. The user activated the mute control or set the volume to zero. 
pc - playerCollapse: the user activated a control to reduce the player to a smaller size. The definition of this event is intended to be compliant with the VAST [14] Player Operation Metrics.  
pe - playerExpand. The user activated a control to extend the player to a larger size. The definition of this event is intended to be compliant with the VAST [14] Player Operation Metrics.
pr - playback rate change. This event only triggers while the state is playing ('p'). Note that certain players may have very frequent playback rate changes, in which case use of this event is not recommended. 
ps - play state change. This token MUST be accompanied by a 'sta' key carrying the new state. 
e - the player has experienced an error. This token MUST be accompanied by a 'ec' key defining the player error code. 
t - time interval. The interval at which these reports are made is application-defined. A default interval of 30 seconds SHOULD be used if no explicit application interval is provided. Short form content may wish to use a shorter interval. An application-defined interval of zero should be interpreted as turning off interval event reporting. This event MUST be supported by all players that support Event mode. 
 
rr - response received: This signals the receipt of a response. This event SHOULD be accompanied with the url key holding the URL of the request that triggered this response.
c - content ID has changed. 
h - hostname has changed.
ce - custom event
b - the player has entered backgrounded mode if this event is accompanied by the ‘bg’ key and exited backgrounded mode if not.
m - mute. The user activated the mute control or set the volume to zero. 
um - unmute. The user deactivated the mute control or raised the volume above zero if it was previously set to zero. 
pe - playerExpand. The user activated a control to extend the player to a larger size. The definition of this event is intended to be compliant with the VAST [VAST] Player Operation Metrics.
pc - playerCollapse: the user activated a control to reduce the player to a smaller size. The definition of this event is intended to be compliant with the VAST [VAST] Player Operation Metrics.  
sk - skip: the user activated a control to skip an advertisement. 
abs - ad break start: 
t - time interval. The startinterval at which these reports are made is application-defined. A default interval of an ad break30 seconds SHOULD be used if no explicit application interval is provided. Short form content may wish to use a shorter interval. An application-defined interval of zero should be interpreted as turning off interval event reporting. This event MUST be supported by all players that support Event mode. 
um - unmute. The user deactivated the mute control or ad pod which would contain 1 or more sequential ads. 
abe - ad break end: This signals the end of an ad break or ad pod. If the ad break is ended early for any reason this event should still be fired when leaving the ad break and resuming content.  This token should only be usedraised the volume above zero if the associated ad break start event has been triggered before.  
as - ad start: When a new ad begins playing within an ad break pod this token should be used
ae - ad end: At the end of the current playing ad but before exiting the ad this token should be used. This includes if the ad has an error during playback or if the ad is being skipped mid playback. This token should only be used if the associated ad start event has been triggered before.  it was previously set to zero.  


	Event




	Player Error Code
	ec
	CMCD-Status
	Inner list of strings
	A string defining an error code produced by the player. The namespace and formatting of this error code is left to the application. Use of standardized error codes is recommended. 
 
Even if only one error code is being specified, the list notation MUST still be used.
Errors should be buffered per report destination as they occur and reported along with the next CMCD report. With Event mode there is the option to report errors as they occur.
	Request
Event

	Hostname
	h
	CMCD-StatusN.A
	String
	A string identifying the current hostname from which the player is retrieving content. Maximum length is 128 characters.  
	Request
Event

	Lowest aggregated encoded bitrate
	lab
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.114]
	The lowest aggregated bitrate rendition in the manifest or playlist. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. The aggregate encoded bitrate is of the complete media object including all object types. This value MUST NOT be sent if the lowest encoded bitrate is known.  
	Request
Event

	Lowest encoded bitrate
	lb
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.114]Integer kbps
	The lowest bitrate rendition in the manifest or playlist. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. This lowest bitrate MUST apply to the object type being requested. Requests for video objects MUST specify the lowest video bitrate and requests for audio objects MUST specify the lowest audio bitrate.
	Request
Event

	Live stream latency
	ltc
	CMCD-Request
	Integer milliseconds
	The time delta between when a given media timestamp was made available at the origin and when it was rendered by the clientplayer. The accuracy of this estimate is dependent on synchronization between the packager and the player clocks. 
 

	Request
Event

	Media Start Delay
	msd
	CMCD-Session
	Integer milliseconds
	Measures the initial delay in wall-clock time from when a player is instructed to play media for a given session to when any media begins playback, whether it be primary content or interstitial content. This value SHOULD be the time difference between the "starting" and "playing" states. 
 
This key MUST only be sent once per Session ID and MUST be sent for each reporting mode which is active within the player.
For request reporting mode, this key SHOULD be sent on the next media object request following successful startup.  
	Request
Event

	Measured throughput
	mtp
	CMCD-Request
	Inner list of integer kbps with token identifiers [4.1.114]
	The throughput between clientplayer and server, as measured by the clientplayer. Throughput MUST be rounded to the nearest 100 kbps. This value, however derived, SHOULD be the value that the clientplayer is using to make its next Adaptive Bitrate switching decision. If the clientplayer is requesting different object types from different providers then it SHOULD take care to match the throughput measured against that provider with each object type request. It is acceptable to report aggregate information if objects of the same type are requested from different providers. If the clientplayer has multiple concurrent connections to the provider, then the intent is that this value communicates the aggregate throughput the clientplayer sees across all those connections. If this key is sent on an interval report, the value transmitted should be the last throughput estimate made by the clientplayer prior to making the report. There is no requirement for the player to calculate the average measured throughput since the prior interval report. 
 

	Request
Event

	Next object request
	nor
	CMCD-Request
	Inner list of strings

	The relative path, as defined by RFC3986 [163], to one or more objects which can reasonably be expected to be requested by the clientplayer making the current request.Each object SHOULD be fetched in its entirety unless there is a range associated with the future request. Even if only one object is being specified, the list notation MUST still be used.    If there is a range associated with the future request, then the range is communicated as the parameter 'r' with a String value. The formatting of the String value is similar to the HTTP Range header, except that the unit MUST be ‘byte’, the ‘Range:’ prefix is NOT permitted, specifying multiple ranges is NOT allowed and the only valid combinations are:
"<range-start>-"
"<range-start>-<range-end>"
"-<suffix-length>"
The clientplayer SHOULD NOT depend upon any pre-fetch action being taken - it is merely a request for such a pre-fetch to take place.  
	Request
Event

	Non rendered
	nr
	CMCD-Status
	Boolean
	True when the content being retrieved by a player is not rendered as audio or video. The key SHOULD only be sent when it is TRUE. The purpose of this key is to disambiguate active background players from foreground players which may be rendering interstitial content.  
	Request
Event

	Object type
	ot
	CMCD-Object
	Token - one of [m,a,v,av,i,c, tt,k,o]
	The media type of the current object being requested:
m = text file, such as a manifest or playlist
a = audio only
v = video only
av = muxed audio and video
i = init segment
c = caption or subtitle
tt = ISOBMFF timed text track
k = cryptographic key, license or certificate.
o = other
If the object type being requested is unknown, then this key MUST NOT be used.  
This key is also used as a token parameter for other keys, as described in Section 4.1.14.
	Request
Event

	Playhead bitrate
	pb
	CMCD-Request
	Inner list of integer kbps with token identifiers [4.1.114]
	The encoded bitrate of the media object(s) being shown to the end user.  
	Request
Event

	Playback rate
	pr
	CMCD-Status
	Decimal
	1.0 if real-time, 2.0 if double speed, 0 if not playing. SHOULD only be sent if not equal to 1.0.  
	Request
Event

	Playhead time
	pt
	CMCD-Status
	Integer milliseconds
	The playhead time, expressed in milliseconds, which is being rendered to the viewer when the report is made. For Event mode, this corresponds to the playhead time that was rendered at the wallclock time reported by the timestamp field.
For VOD, this MUST be milliseconds offset from the beginning of the media asset. For live streams, whichwith maya representplayhead relativedate or offset times in the UItime, this field MUST be expressed as the number of milliseconds that have elapsed since the UNIXUnix epochEpoch (January 1, 1970, at 00:00:00 UTC), excluding leap seconds [17].
	Request
Event

	Response code
	rc
	CMCD-RequestN.A
	Integer
	The response code received when requesting a media object. In a redirect scenario, this would be the final response code received. A value of 0 SHOULD be used to indicate that a response was not received.
This key MUST only be reported on events of type rr (response received).
	Event  

	Requested maximum throughput
	rtp
	CMCD-Status
	Integer kbps
	The requested maximum throughput that the clientplayer considers sufficient for delivery of the asset. Values MUST be rounded to the nearest 100kbps. For example, a clientplayer would indicate that the current segment, encoded at 2Mbps, is to be delivered at no more than 10Mbps, by using rtp=10000.
Note: This can benefit clientsplayers by preventing buffer saturation through over-delivery and can also deliver a community benefit through fair-share delivery. The concept is that each clientplayer receives the throughput necessary for great performance, but no more. The CDN may not support the rtp feature.  
	Request
Event

	Streaming format
	sf
	CMCD-Session
	Token - one of [d,h,e,ld,l3,lh,s,o]
	The streaming format that defines the current request.
d = MPEG DASH [109]
h = HTTP Live Streaming (HLS) [1110]
e = HESP [12]
ld = Low latency DASH [10]
l3 = Low latency low delay DASH (L3D)
lh = Low Latency HLS [11]
s = Smooth Streaming [1312]
o = other
If the streaming format being requested is unknown, then this key MUST NOT be used. 
	Request
Event

	Session ID
	sid  
	CMCD-Session
	String
	A GUID identifying the current playback session. A playback session typically tiesconsists togetherof segmentsthe belongingplayback toof a single playbackmedia sessionasset along with accompanying content such as advertisements.. This session may comprise the playback of primary content combined with interstitial content.    This session is being played on a single device. MaximumThe maximum length is 64 characters. It is RECOMMENDED to conform to the UUID specification [76].
	Request
Event

	SMRT-Data Header
	smrt
	CMCD-RequestN.A
	String
	Holds a Base64 [1413] encoded copy of the streaming media response tracing data received on the Request Tracing header[1816]. This key MUST only be reported on events of type rr (response received).
	Event

	Sequence Number
	sn
	CMCD-Request
	Integer
	A monotonically increasing integer to identify the sequence of a CMCD report to a target within a session. This MUST be reset to zero on the start of a new session-id. Sequence numbers increase independently per each combination of mode and target.
	Request
Event

	Stream type
	st
	CMCD-Session
	Token - one of [v,l,ll]
	v = all segments are available – e.g., VOD
l = segments become available over time – e.g., LIVE
ll = low latency LIVE
	Request
Event

	State
	sta
	CMCD-Request
	Token - one of [s,p,k,r,a,w,e,f,q,d ]  
	A token describing the current playback state of the player as perceived by the end user, one of:
s - starting: the player has been instructed to play media for a given session, either by a user interaction or by an autoplay action. 
 
p - playing : Media is being rendered.
k - seeking : The start of the action of moving the playhead position after starting.
r - rebuffering : Media has stopped being rendered due to an insufficient buffer. This state is not reported during startup or seeking. 
a - paused : Playback has been intentionally paused by either the user or the player.
e - ended : Rendering has ended due to completion of the media asset playback.
f - fatal error : Rendering has ended due to an irrecoverable error.
q - quit : User initiated action of moving the playhead position.
r - rebuffering : Mediaend of playback before media asset completion.
d - preloading : the player is loading, or has stopped being rendered dueloaded, assets ahead of starting in order to an insufficient buffer. Thisprovide a fast startup. The expectation is that playback will commence at a future time. 
Note: if used with Request Mode, then this key represents a snapshot of the state is not reported during startup or seeking. 
a - paused : Playback has been intentionally paused by the user.
w - waiting : Playback has been paused by the player.
e - ended : Rendering has ended due to completion of the media asset playback.
f - fatal error : Rendering has ended due to an irrecoverable error.
q - quit : User initiated end of playback before media asset completion.
d - preloading : the player is loading assets ahead of startingat request time, which may obscure prior state changes since the last request. For most accurate state tracking in order to provide a fast startupplayers, use Event mode. The expectation is that playback will commence at a future time. 
Note: if used withaddition of a timestamp in Request Mode, then this key represents a snapshot of might be useful in correctly placing the state at request time, which may obscure prior state changes since the last request. For most accurate state tracking in players, use Event mode. The addition of a timestamp in Request Mode might be useful in correctly placing the state change on a timeline.  
	Request
Event

	Startup
	su
	CMCD-Request
	Boolean
	Key is included without a value if the object is needed urgently due to startup, seeking or recovery after a buffer-empty event. The player reports this key as true until its buffer first reaches the target buffer for stable playback.
Note: the starting State 's' is valid until the player renders media for the end user, which may be different from when the target buffer has been reached. As a result, 'su'    = TRUE and 'sta' = 's' are not expected to align on a timeline.  
	Request
Event

	Top aggregated encoded bitrate
	tab
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.114]
	The highest aggregated bitrate rendition in the manifest or playlist. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. The aggregate encoded bitrate is of the complete media object including all object types. This value MUST NOT be sent if the top encoded bitrate is known.  
	Request
Event

	Top encoded bitrate
	tb
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.114]
	The highest bitrate rendition in the manifest or playlist. This SHOULD be derived from playlist/manifest declarations, or it MAY be estimated by the player. If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. This top bitrate MUST apply to the object type being requested. Requests for video objects MUST specify the top video bitrate and requests for audio objects MUST specify the top audio bitrate.
	Request
Event

	Target Buffer length
	tbl
	CMCD-Request
	Inner list of integer milliseconds with token identifiers [4.1.114]
	The target buffer length associated with the media object being requested at the time of the request. This value SHOULD be rounded to the nearest 100    ms.
	Request
Event

	Top playable bitrate
	tpb
	CMCD-Object
	Inner list of integer kbps with token identifiers [4.1.114]
	The highest bitrate rendition that the player is currently capable of playing for reasons other than bandwidth limitations. This key captures the cases in which, for example,    screen resolution, DRM, or performance constraints limit the player's topmost choice of bitrate. These constraints are intentionally obfuscated for privacy reasons. 
 
This key can increase the fingerprinting surface exposed by CMCD transmission and SHOULD NOT be transmitted in a default player configuration. 

 

If the playlist declares both peak and average bitrate values, the peak value MUST be transmitted. This top playable bitrate MUST apply to the object type being requested. Requests for video objects MUST specify the top playable video bitrate and requests for audio objects MUST specify the top playable audio bitrate. This value MUST NOT be sent for objects which do not have an object type of    ‘a’, ‘v’, ‘av’ or ‘c’.  
	Request
Event

	Timestamp
	ts
	CMCD-StatusN.A
	Integer milliseconds
	The timestamp at which the associated event occurred, expressed as the number of milliseconds that have elapsed since the UNIXUnix epochEpoch (January 1, 1970, at 00:00:00 UTC), excluding leap seconds [17]. When the event is a request for a media object the time SHOULD reference when the request was first initiated.


This key MUST be included with all Event reports.  
	Event  

	Time to first byte
	ttfb
	CMCD-RequestN.A
	Integer milliseconds
	The elapsed time between when the request was first initiated (captured in ts) and the time when the first byte of the response was received. This value should only be reported if it is known. Absence of this key does not indicate that the response was not received. This key MUST only be reported on events of type rr (response received).
	Event

	Time to first body byte
	ttfbb
	CMCD-RequestN.A
	Integer milliseconds
	The elapsed time between when the request was first initiated (captured in ts) and the time the first bytes of the response body are received. This value should only be reported if it is known. Absence of this key does not indicate that the body was not received. This key MUST only be reported on events of type rr (response received).
	Event

	Time to last byte
	ttlb
	CMCD-RequestN.A
	Integer milliseconds
	The elapsed time between when the request was first initiated (captured in ts) and the time the response body is fully received. This value should only be reported if it is known. Absence of this key does not indicate that the response was not fully received. This key MUST only be reported on events of type rr (response received).
	Event

	Request URL
	url
	CMCD-ObjectN.A
	String
	The URL used to request the media object. If the request is redirected, this key MUST report the initial requested URL. This key MUST be reported on events of type rr (response received).
	Event

	Version
	v
	CMCD-Session
	Integer
	The version of this specification used for interpreting the defined key names and values. If this key is omitted, the clientplayer and server MUST interpret the values as being defined by version 1. Clientplayer SHOULD omit this field if the version is 1 and MUST include this field if the version is not 1.  
	Request
Event

	Dropped Frames
	df
	CMCD-Request
	Integer
	An absolute count of dropped frames since session initiation. This key should only be sent for content types of 'v','av' or 'o'. Note that this value will be driven by the content being rendered rather than the content being retrieved, therefore it is beneficial if accompanied by the playhead time 'pt' key to allow for correct interpretation. 
	Request
Event
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