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[bookmark: _Toc153803067]First Change
2	References
[26512]	3GPP TS 26.512: "5G Media Streaming (5GMS); Protocols".
[28405]	3GPP TS 28.405: "Telecommunication management; Quality of Experience (QoE) measurement collection; Control and configuration".
SECOND CHANGE
[bookmark: _Toc194067375]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
..
..
PMF	Performance Measurement Functionality
..
THIRD CHANGE
[bookmark: _Toc194067704]5.18.1.3	Multi-access using ATSSS
[bookmark: _Toc194067705]5.18.1.3.1	Background Specification for ATSSS architecture
Clause 5.32 of TS 23.501 [23] describes ATSSS (Access Traffic Steering, Switching, and Splitting) an optional feature supported by the UE and 5G Core network for multi-access. Some of the key principles this feature defines that are relevant for our study are:
1.	The ATSSS feature enables a Multi-Access PDU Connectivity Service allowing for the exchange of PDUs between the UE and a Data Network by simultaneously using one 3GPP access network and one non-3GPP access network via two independent N3/N9 tunnels between a PDU Session Anchor UPF (PSA UPF) and the RAN/AN.
NOTE 1:	The limits on the number and type of access network refer to Release 18 and may differ in subsequent releases.
2.	The Multi-Access PDU Connectivity Service is facilitated by a Multi-Access PDU (MA PDU) Session that may have User Plane resources on two access networks. In the context of the generalised media delivery architecture specified in TS 26.501 [15]:
-	If conveyed over an MA PDU Session, the application flow between the Media Session Handler and the Media AF (e.g., 5GMS AF) at reference point M5 may use two different access networks.
-	If conveyed over an MA PDU Session, the application flow between the Media Access Client (e.g., Media Player or Media Streamer) and the Media AS (e.g., 5GMS AS) at reference point M4 may use two different access networks.
3.	The UE is supplied with policy rules ("ATSSS rules") by the network for deciding how to distribute uplink traffic across multiple access networks. Similarly, the UPF anchor is supplied with policy rules ("N4 rules") by the network for deciding how to distribute downlink traffic across the two N3/N9 tunnels and the two access networks. The network entity configuring ATSSS rules and N4 rules is the SMF. The SMF may map PCC rules from the PCF to create these ATSSS and N4 rules.
4.	The UE indicates its support for ATSSS (steering functionalities and steering modes) in the PDU Session Establishment Request that is sent to request a new MA PDU Session.
5.	If the UE requests a network slice instance, the same S-NSSAI is allowed to span both access networks.
NOTE 2:	Support for QoS when PDUs are conveyed over a PDU Session belonging to a network slice that spans non-3GPP access network is unknown.
6.	For QoS support, the same 5G QoS model used for conventional PDU Sessions also applies to MA PDU Sessions, i.e. QoS Flow is the finest granularity of QoS differentiation. However, QoS Flow is access-agnostic: the same network QoS applies to each of the different access network comprising the MA PDU Session, i.e. the same QoS is available across two different paths in different access networks. The network (SMF) may provide QoS rules to the UE via one access network that are used for both the 3GPP access network and non-3GPP access network.
-	In the context of the generalised media delivery architecture, application flows at reference point M5 and/or M4 using a MA PDU Session may have similar network QoS as when they are transmitted via the 3GPP access network alone.
NOTE 3:	Support for PDU Session QoS when PDUs are conveyed over a non-3GPP access network is unknown.
7.	The network may provide Measurement Assistance Information to the UE and/or UPF to assist them in determining which measurements (packet round-trip time measurements, packet loss rate measurements) are to be performed before deciding how to distribute traffic across the two access networks.
8.	The ATSSS rules provided to the UE by the network contain information about the type of steering to be used to distribute traffic across multiple access networks. This allows traffic to be steered, switched and split across multiple access networks. From clause 5.32.8 of TS 23.501 [23], the supported steering mechanism defined in this release are:
-	Higher-layer MPTCP (Multipath TCP) functionality – The UPF provides MPTCP proxy functionality. Corresponding MPTCP functionality in the UE may communicate with the MPTCP proxy in the UPF to distribute and aggregate traffic across multiple access networks.
-	Higher-layer MPQUIC (Multipath-enabled QUIC) functionality – The UPF provides MPQUIC proxy functionality. The corresponding MPQUIC functionality in the UE may communicate with the MPQUIC proxy in the UPF to distribute and aggregate traffic across multiple access networks.
-	ATSSS-LL (ATSSS Low-Layer) functionality – The UPF allows steering, switching, and splitting of traffic across two access networks based on information from the IP layer and below.
9.	The ATSSS rules provided to the UE by the network indicate which steering mode is to be applied to matching traffic for each Service Data Flow (SDF). The steering mode determines how the matching traffic is to be distributed across 3GPP and non-3GPP access networks. Supported steering modes in Release 18 include:
-	Active-Standby: Used to steer matching SDF packets onto one access network (the "Active access") when this is available, and onto another (the "Standby access") when the Active access is unavailable.
-	Smallest Delay: Matching SDF packets are steered to the access network with smallest packet round-trip time.
-	Load-Balancing: Used to split the delivery of SDF packets between both the access networks if both of them are available.
-	Priority-based: Used to steer SDF packets onto an access network with a higher priority.
-	Redundant: Used to duplicate SDF packets on both access networks if both of them are available.
Figure 5.18.1.3-1 illustrates the traffic steering mechanisms defined in this release by TS 23.501 [23] and their respective functionalities.


Figure 5.18.1.3-1: Traffic steering mechanisms and their functionalities
in an illustrative UE model specified in TS 23.501 [23]
For access traffic steering, switching, and splitting procedures, the UE may be provided with up to five different IP addresses by the network:
-	one IP address/prefix for the Multi-Access PDU session (allocated regardless of type of steering functionality).
-	two IP addresses/prefixes, one bound to each access network, called the "MPTCP link-specific multipath" addresses (if UE and network agree on using MPTCP steering functionality).
-	two IP addresses/prefixes, one bound to each access network, called the "MPQUIC link-specific multipath" addresses (if UE and network agree on using MPQUIC steering functionality).
NOTE 1:	The MPTCP link-specific multipath addresses and the MPQUIC link-specific multipath addresses may not be routable via N6.
NOTE 2:	The "MPTCP link-specific multipath" addresses/prefixes can be the same as the "MPQUIC link-specific multipath" addresses/prefixes.
When a MA PDU Session is established between the UE and the UPF, the network may provide Measurement Assistance Information to the UE as specified in clause 5.32.5.1 of TS 23.501 [23501]. The Measurement Assistance Information assists the UE in determining which measurements to perform over the multiple accesses, and which measurement reports to be sent to the network. The Measurement Assistance Information may include:
-	one IP address for the PMF functionality in the UPF to which the UE may send PMF protocol messages 
-	one UDP port associated with the 3GPP access to where the UE sends PMF messages concerning 3GPP access measurements and reports
-	one UDP port associated with the non-3GPP access to where the UE sends PMF messages concerning non-3GPP access measurements and reports
-	list of QoS Flows on which access performance measurements may be performed if the SMF determines that access performance measurements per QoS Flow shall be applied for the MA PDU Session. If no QoS Flows are included, then the PMF messages are transmitted to the UPF via the QoS Flow associated with the default QoS rule
As specified in clause 5.32.5 of TS 23.501 [23501], the following PMF protocol messages may be exchanged between the UE and the UPF: 
-	Messages to allow for Round Trip Time (RTT) measurements. The UE and the UPF may conduct RTT measurements independently, but these are not reported between each other. On the UE side, the PMF functionality in the UE sends PMF-Echo Request message to the PMF functionality in the UPF, which sends back the PMF-Echo Response message to the PMF functionality in the UE. The PMF functionality in the UE may estimate the RTT measurement based on time difference in these two messages. Similar RTT measurement may be conducted by the UPF where in the PMF-Echo message is sent by the PMF functionality in the UPF to the PMF functionality in the UE, which responds back with PMF-Echo Response message to the PMF functionality in the UPF. Further, the UE and UPF may derive an estimation of average RTT over an access type and QoS Flow by averaging RTT measurements obtained over this access type and QoS Flow.   
-	Messages to allow for Packet Loss Rate (PLR) measurements for an SDF over 3GPP and non-3GPP accesses. For downlink PLR calculations, the UPF sends a PMF-PLR Count Request message to the UE, and starts counting the number of DL packets sent over the target QoS Flow and the target access network. When the UE receives this request message, it starts counting the number of packets received over the target QoS Flow and target access network. After certain time, the UPF stops counting the number of DL packets and sends a PMF-PLR Request message to the UE. When the UE receives this message, it stops counting, and sends a PMF-PLR Response message with the number of DL packets received over the target QoS Flow and target access network to the UPF. When the UPF receives this message, it calculates the DL packet loss ratio based on local counting of number of transmitted DL packets and reported number of received DL packets in the UE. The UE uses the same procedure for calculating the UL packet loss ratio. The UE and the UPF derive an estimation of average PLR per QoS Flow over an access type by averaging the PLR measurements obtained over this access.   
-	Messages for reporting on Access availability/unavailability by the UE to UPF. The UE, based on its implementation, detects the availability/unavailability of an access, and reports it to the UPF via the user plane. 
-	Messages for sending UE-assistance data to the UPF. Upon authorization by a PCF, and on receiving the UE-assistance indicator in ATSSS rule, the UE may apply any split percentage for the UL traffic distribution of an SDF, instead of the split suggested in the ATSSS rule, based on implementation specific criteria. The UE may send a PMF-UAD (UE Assistance Data) to UPF to indicate the split percentage that the UPF may apply in the DL direction. When the UPF receives the PMF-UAD message, it may use the information in the message to align the DL traffic distribution for traffic that is allowed to use UE-assistance operation. When the UE decides to terminate the UE assistance operation, the UE may send a PMF-UAT (UE Assistance Termination) message to the UPF to indicate to stop using the split percentage requested by the UE, and instead use the split percentages in the received ATSSS rules from the network. 
-	Messages for sending Suspend Traffic Duplication and Resume Traffic Duplication from UPF to UE to suspend or resume traffic duplication across 3GPP and non-3GPP accesses. When the ATSSS steering mode is set to Redundant Steering Mode, the UPF may send a PMF-Suspend Duplication request to the UE, for example when locally detected UPF congestion, to stop duplicating traffic over 3GPP access and non-3GPP access. When the UE receives this message, it stops duplicating traffic across those accesses. Later, when the UPF intends to do so, it may send a PMF-Resume Duplication message to the UE so the UE can restart duplicating traffic across the multiple access networks.   
 The PMF protocol is specified in TS 24.193 [109].
To support the operation of media delivery services specified in TS 26.501 [15], TS 26.506 [171], and TS 26.502 [135] with multi-access, there is a need to first document clear potential issues to split, steer, and switch the M4 application flows of these media delivery services based on methods specified in ATSSS architecture.
[bookmark: _Toc194067706]5.18.1.3.2	Application considerations for multipath TCP
RFC 6897 [137] specifies two classes of application:
-	Legacy Applications: These applications are unaware of MPTCP, and therefore use the existing TCP sockets API to interface with the MPTCP layer. This is the default case.
-	MPTCP-aware applications: These applications are aware of MPTCP functionality, and use an enhanced MPTCP API to interact with the MPTCP layer.
RFC 6897 [137] describes a basic API that is a simple extension of TCP’s interface for MPTCP-aware applications. Following are some of the application interface capabilities with the basic API for an MPTCP-aware application while using MPTCP.
[bookmark: MCCQCTEMPBM_00000191]-	The application may be able to request to turn on or turn off the usage of MPTCP.
[bookmark: MCCQCTEMPBM_00000192]-	The application may restrict MPTCP to bind to a given set of IP addresses. The application possesses the capabilities to add a set of new local addresses to an existing MPTCP connection, or to remove a local address from an existing MPTCP connection.
[bookmark: MCCQCTEMPBM_00000193]-	The application may be able to obtain information on the pairs of addresses used by the MPTCP subflows.
[bookmark: MCCQCTEMPBM_00000194]-	The application may explicitly configure send and receive buffer sizes via the sockets API (SO_SNDBUF, SO_RCVBUF). These socket options can be used with MPTCP to affect the buffer sizes of the MPTCP connection.
[bookmark: MCCQCTEMPBM_00000195]-	The application may be able to retrieve the local connection identifier for the MPTCP connection.
[137] also describes requirements on an advanced MPTCP API in its annex, including design considerations, MPTCP usage scenarios and application requirements. Following are some of the potential requirements on an advanced API beyond the features of the basic API listed above available to the application to interface with the MPTCP layer.
[bookmark: MCCQCTEMPBM_00000196]-	The application may obtain usage information and statistics about all subflows (e.g., the ratio of traffic sent via this subflow).
[bookmark: MCCQCTEMPBM_00000197]-	The application may request a change in the number of subflows in use, thus triggering removal or addition of subflows. Requesting establishment of a specific subflow to a provided destination, or a request for termination of specific existing subflow may be possible.
[bookmark: MCCQCTEMPBM_00000198]-	The application may be able to inform the MPTCP implementation about its high-level performance requirements, e.g., in the form or a profile.
[bookmark: MCCQCTEMPBM_00000199]-	The application may be able to indicate the communication characteristics of the connection (e.g., expected amount and data rate to be sent over MPTCP connection, expected duration of connection etc.). Similar heuristics may be used by the application to manage (create new, or terminate existing) MPTCP subflows.
[bookmark: MCCQCTEMPBM_00000200]-	The application may be able to specify preferable subflows or subflow usage policies. This could change the behaviour of MPTCP scheduler.
[bookmark: MCCQCTEMPBM_00000201]-	The application may be able to specify redundancy levels (e.g., specify whether TCP segments are to be sent on one path or more than one path in parallel).
[bookmark: MCCQCTEMPBM_00000202]-	The application may be able to register for callbacks to be informed when there are changes to subflows of the MPTCP connection.
RFC 6897 [137] also discusses performance improvements for applications resulting from the use of MPTCP. The obvious performance improvement is throughput because the applications is able to pool more than one path between two MPTCP endpoints. Another obvious improvement is application resilience because if one path fails, the other paths are able to carry all the traffic, and if necessary any lost packets on a path may be retransmitted over one or more of the other available paths. However [137] also discusses two potential problems for applications using MPTCP, especially if they are applications with real-time requirements:
[bookmark: MCCQCTEMPBM_00000203]-	If the delays of different MPTCP subflows of an MPTCP connection differ, the jitter perceivable to an application may appear higher as the data is spread across multiple subflows. Although MPTCP ensures in-order delivery to the application, the data delivery could be more bursty than with a single-path TCP connection.
[bookmark: MCCQCTEMPBM_00000204]-	Some middleboxes may refuse to pass MPTCP data segments due to the presence of TCP options, or they may strip TCP options. In this case, MPTCP falls back to regular TCP operation. Although this is not a problem (because the corresponding application session is still ultimately usable for data exchange), there may be additional delays when the first handshake fails.
[bookmark: _Toc194067707]5.18.1.3.3	Application considerations for multipath QUIC
[138] specifies a multipath extension for QUIC version 1 to enable simultaneous usage of multiple paths for a single QUIC connection. [138] also specifies the capabilities of an MPQUIC-aware application to interface with the MPQUIC implementation on the host/device.
[bookmark: MCCQCTEMPBM_00000205]-	The application using the QUIC multipath extension may use algorithms to define and handle the number of active paths and how they are used to send QUIC packets.
[bookmark: MCCQCTEMPBM_00000206]-	The application using the QUIC multipath extension may handle the IP addresses and the actual decision process to set up or tear down paths.
[bookmark: MCCQCTEMPBM_00000207]-	The application using the QUIC multipath extension may specify the maximum number of paths for a QUIC connection by setting the initial_max_path_id parameter or by sending a MAX_PATH_ID frame. The application may later revise the maximum number of paths for a QUIC connection.
[bookmark: MCCQCTEMPBM_00000208]-	The application using the QUIC multipath extension may define strategies to keep one or more paths alive by sending PING frames on those paths before the idle timeout expires.
[bookmark: MCCQCTEMPBM_00000209]-	The application using the QUIC multipath extension may use the capabilities of the MPQUIC implementation to maintain separate congestion state for each path to avoid sending more data on a given path than congestion control for that path indicates.
According to [138], an MPQUIC endpoint may use multiple IP addresses simultaneously for a connection. The multipath extension for QUIC supports the following scenarios:
[bookmark: MCCQCTEMPBM_00000210]-	The client uses multiple IP addresses, and the server listens on only one IP address.
[bookmark: MCCQCTEMPBM_00000211]-	
[bookmark: MCCQCTEMPBM_00000212]-	The client uses multiple IP addresses, and the server listens on multiple IP addresses.
[bookmark: MCCQCTEMPBM_00000213]-	The client uses only one IP address, and the server listens on only one IP address. 
Key Issue Description
(ALL NEw TEXT)
5.18.1.4A	Network Assistance with multi-access media delivery
Clause 4.0.5 of TS 26.501 [15] describes the high-level procedures for the Network Assistance feature in 5G Media Streaming. Network Assistance enables the Media Client in the UE to interrogate the network Quality of Service (QoS) for an ongoing media delivery session or to request a temporary boost in network QoS. Two methods for obtaining network assistance are defined in clause 4.0.5 of TS 26.501 [15]:
-	AF-based Network Assistance, where in the Media Client requests the network-side component of the media delivery System, the Media AF, for assistance, and the Media AF interacts with 5G System network components, such as the PCF, to provide the requested assistance to the Media Client. Media Client procedures are specified in clause 5.4.4 of TS 26.510 [108].
-	ANBR-based Network Assistance, which is based on signalling interactions between the UE modem and RAN control/user plane entities. The RAN control plane entities interact with 5G System network components to provide Network Assistance to the requesting UE.
With either of the above two methods above, the following network assistance facilities may be available to the Media Client:
-	Bit rate recommendation, where in a Media Client requests an estimate, from Media AF, of a bit rate that can be offered to the current media delivery session. The Media AF, based on this request from the Media Client, queries 5G System network components such as the PCF to obtain this information, and informs the Media Client of the same. The Media Client may use this information to adjust its own session parameters (e.g., the streaming bit rate) to fit within the QoS that the network is able to offer.
-	Delivery boost, where in a Media Client requests for temporary boost of bit rate for the current media delivery session from the network, and the Media AF interacts with 5G System components such as the PCF to facilitate the boost.
When a media delivery session is conveyed over a Single Access PDU Session, the Media Client may receive network assistance using the above assistance procedures from the network. However, when a media delivery session is conveyed over a Multi-Access PDU Session, it is not clear whether the information procured using currently specified network assistance procedures is useful or enough for the Media Client.
Current specifications assume that the media delivery session runs over a single access network (e.g., only 3GPP NR or only non-3GPP Wi-Fi). When the media delivery uses a Multi-Access PDU Session (i.e. individual PDU sessions spanning both 3GPP and non-3GPP access via ATSSS), the current AF-based Network Assistance procedures lack clarity on a few key points. The current specification of AF-based Network Assistance does not currently provide:	Comment by Richard Bradbury (2025-11-20): Moved from gap analysis into problem statement.
Some editing required to integrate it into the previous paragraph to avoid duplication.
-	Full path-level detailed per-access metrics in all cases. Some measurement/reporting is specified but may not cover all paths, depends on configuration.
Key Issue Objectives
5.18.1.5.2	Key Issue objectives
When the UE and the network agree to use a Multi-Access PDU Session (as described in clause 5.18.1.2.1 of the present document) for a media delivery session, it is not clear how the Dynamic Policy feature specified in TS 26.501 [15] and TS 26.510 [108] is activated and implemented for application flows over multiple access networks.
Specifically, the following issues need to be studied:
-	If M4 application flows are carried over two access networks, what does "activate dynamic policy with QoS requirements" mean – whether the requested network QoS is applicable to one, or more, or all access paths.
-	Is it feasible to request QoS for a subset of access paths over specific access networks?
-	Are any enhancements to the ApplicationFlowDescription type described in TS 26.510 [108] needed to support identification of M4 application flows over multiple access networks?
When the UE and the network agree to use a Multi-Access PDU Session (as described in clause 5.18.1.2.1 of the present document) for a media delivery session, the following issues need to be studied to specify Network Assistance for multi-access media delivery:
-	If M4 application flows are carried over multiple access networks, and the Media Client intends to use Network Assistance for adapting its behaviour, whether the current bit rate recommendation and delivery boost Network Assistance facilities are enough to support the Media Client, or enhancements to assistance information is required.
-	Whether and how the Media Client uses current bit rate recommendation information from the Media AF to distribute application flows at reference point M4 over one or more access networks.
-	Whether the Media Client is able to request, or receive, Network Assistance over a specific access network when the application flows at reference point M4 are using the Multi-Access PDU Session spanning multiple access networks as described in clause 5.18.1.3 of the present document.
-	Whether the Media Client is able to request, or receive, network assistance for application flows at reference point M4 over a specific access network.
-	Whether and how the network assistance information from the network to the Media Client include the information such as below:
-	Split recommendation of application flows at reference point M4 over one or more access networks (e.g., 30% on one access network and 70% over another access network).
-	Split rate recommendation of application flows at reference point M4 over one or more access networks based on type of media being sent (e.g., audio over one access network, video on another access network).
-	Split recommendation of application flows at reference point M4 over one or more access networks based on stream priority.
-	Initial recommended throughput with associated latency over one or more access networks.
-	Other information such as upcoming network conditions, upcoming network handover etc.
Collaboration Scenarios
(All New text)
[bookmark: _Toc194067719][bookmark: _Toc154165227]5.18.2.3	AF-based Network Assistance for multi-access media delivery using ATSSS
[bookmark: _Hlk213773134]Extending the collaboration scenario outlined in clause 5.18.2.2, this clause describes a scenario in which a User Equipment (UE) device can determine the use of multi-access PDU Sessions (e.g., Wi-Fi and cellular) under ATSSS during a media delivery sessions, through the use of the AF-based Network Assistance feature described in clause 5.5.1.5.2. It elaborates on how a Media-aware Application or Media Client is required to connect to multiple access paths to positively improve network Quality of Service with the goal of improving service Quality of Experience (QoE) while leveraging the Network Assistance feature.	Comment by Richard Bradbury (2025-11-20): The existing collaboration scenarios provide sketches.
Maybe not needed for this one?
According to clause 4.0.5 of TS 26.501 [15] and clause 5.4.4 of TS 26.510 [108], a Media Client can request bit rate recommendations or delivery boosts from the Media AF. The Media AF interacts with PCF/SMF to adjust the network QoS or to provide throughput guidance in the form of bit rate recommendations. This takes into account dynamic session conditions and is especially tailored for content delivery between a UE and an Application Server (AS).	Comment by Richard Bradbury (2025-11-20): Just background, repeating content of cluse 5.18.1.4A.
Architecture MappingS
Editor’s Note: Assume mapping in clause 5.18.3.2 (ATSSS mapping into 5GMS architecture) is applicable.
High-level Call FlowS
(All new text)
[bookmark: _Toc194067723]5.18.4.3	Access-specific Network Assistance and Delivery Boost extensions to support multi-access
Based on the architecture mapping in clause 5.18.3.2, figure 5.18.4.3‑1 below illustrates a call flow for access-specific Network Assistance extensions to the Media Delivery System based on the use of ATSSS procedures. The extensions highlighted in blue and boldface enable a Media Client and a Media AF to perform per-access QoS interrogation and manipulation during ongoing multi-access media delivery sessions. This allows to optimize per-access bit rate and path selection to maximize end-user media delivery quality subject to dynamic network assistance and ATSSS constraints.	Comment by Richard Bradbury (2025-11-20): CHECK!	Comment by Richard Bradbury (2025-11-20): Nothing highlighted as a delta yet.
So no normative changes needed?
Is the aim to simply document the call flow in an informative annex to TS 26.501?	Comment by Richard Bradbury (2025-11-20): I think there are lots of gaps lurking in here.
Needs a comprehensive analysis.
Each step needs to cite a clause number where the interaction is specified. If you can’t find one, it’s a gap and needs to be highlighted in boldface.
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	Comment by Richard Bradbury (2025-11-20): Media-aware Application should be same colour as Application Provider.
Figure 5.18.4.34.2-1: Procedures for AF-based Network Assistance extensions to support multi-access
In the initial phase, a media streaming session is established over a single access network:
1. Provisioning: A 5G Media Streaming session is provisioned by the Application Provider as described in clauses 5.1 (downlink streaming) and 6.1 (uplink streaming) of TS [26501]. The Media Aware Application receives service announcement from the Media Application Provider.
2. Start media delivery using single access network: The Media Aware Application selects a Media Player Entry and initiates media playback.
3.	Acquire Service Access Information: If the Media Aware Application has received only a reference to Service Access Information, the Media Session Handler in the Media Client retrieves Service Access Information for the media service (via M5 interface) as specified in clause 5.1 (downlink streaming) and 6.1 (uplink streaming) of TS [26501].	
4.	Media Streaming over single access: Transport and streaming sessions are set up using a single access path.  Media data is transmitted Media Streaming between the Media Access Function and Media AS at reference point M4 as described in clauses 5.1 (downlink streaming) and 6.1 (uplink streaming) of TS [26501]. Media Streaming is performed over a single access path.
5.	QoE metrics collection and reporting: The Media Client collects Quality of Experience (QoE) metrics and reports them. QoE metrics are monitored between the Media Client and the Media AS.
Multi-access is activated for the media streaming session:
6.	Preference for multi-access: Media Aware Application provides a preference for media delivery over multiple access networks at reference point M4. This preference is expressed for downlink media streaming using UE Client API specified in clause 13.2.4 of TS 26.512 [16]. The preference for multi-access for uplink media streaming is not specified as of current release.  
7.	The Media Access Function uses an UE internal API to check for availability of multiple access networks at the UE OS. 
8.	Detect multiple access networks: The UE OS and the UE modem detects the presence of multiple access networks (e.g., 4G and Wi-Fi etc. available). The access availability and unavailability reports collected/generated by the UE as specified in clause 5.32.5.3 of TS 23501 [23501] could be used as a basis for this detection step.
9.	The UE OS informs the Media Access Function of the information about multiple access networks including the identification and access type (3GPP access, non-3GPP access). The identification of access type is as per clause 6.1.of TS 23.503 [41]. The Media Access Function may provide a call back mechanism for the UE OS to use to inform the Media Access Function when this information becomes available. 
10.	The Media Access Function decides whether to switch to media delivery over multiple access networks. The decision to switch is up to the implementation and capabilities of the Media Access Function.
11.	The Media Access Function establishes transport sessions over multiple access networks at reference point M4 with the Media AS.   
10–11.	Request to activate multi-access: The UE modem informs the application about the presence of multi-access, and the application requests the  to activat multi-access mode.
12.	Activate multi-access: Media Streaming over multiple access networks: Media Streaming between the Media Access Function and Media AS at reference point M4 as described in clauses 5.1 (downlink streaming) and 6.1 (uplink streaming) of TS [26501]. Media Streaming is performed over multiple access network paths.The Media Session Handler, in collaboration with the Operating System (OS) and modem, enables multi-access, allowing simultaneous usage of multiple paths.
13.	Multi-access activated notification: The Media Session HandlerAccess Function confirms notifies the Media-aware Application about status of media delivery over multiple access networks at reference point M7 using Dynamic Status Information specified in clause 13.2.6 of TS 26512 [16]. The Media Access Function may forward the information it received in step-9 to the Media Aware Application.  	Comment by Richard Bradbury (2025-11-20): Wording seems wrong.	Comment by Prakash Kolan 12_9: How about this?
14.	(Optional)Multi-access activated notification: The Media Access Function notifies the Media Session Handler about status of media delivery over multiple access networks at reference point M7 using Dynamic Status Information specified in clause 13.2.6 of TS 26512 [16]. The Media Access Function may forward the information it received in step-9 to the Media Aware Application. that the application could now attach to the multiple access technologies in order to improve its QoE.


16.	Start  media delivery with MA PON (Primary Operation Node): The App reaches the media access function (media streamer) in order for the media streaming to begin over multiple access links for improved performance.
AF-based Network Assistance is activated:
157.	Request to Activate Network Assistance: The Media Aware Aapplication requests the Media Session Handler for assistance from the network in order to improve bit rate recommendation (throughput estimation)for initial bit rate recommendation (or throughput estimation). The Media Aware Application may include details about identification and access type information for each access network type it is attaached with (based on information received in step-13. The identification of access type by the Media AF, non-3GPP and 3GPP is as per clause 6.1.of TS 23.503. The identification of same access types, for instance same 3GPP access types is . [41]for further study
16.	Create Network Assistance Session (M5): The Media Session Handler creates a network assistance session with the Media AF. Access Function reaches the MSH so that a Network Assistance session for network assistance is initiated.
17–18.	Estimate recommended bit rate: The Media Session Handler requests the Media AF for bit rate recommendation for the MA PDU Session. The Media Session Handler may now sendsinclude the identification and list access types information of available access networks to the Media AF based on information it received in step-14 or step step-15.	Comment by Prakash Kolan 11_17_2025: In Rel 19, we added support for multipath, and multi-access just referenced use of multipath. The configuration API in clause 13.2.4 of TS 26512 describes configuration of multipath protocols and a preference for multipath transport connection. We have not decided on exchanging access specific endpoint information to application layer. So MSH and AF getting information about access points do not exist today. 

But I understand the intention here. We may have to work on enabling this support in Rel-20, or use any core network support to get this information instead of MSH sending this information to the AF. 

Another question: how does the AF calculate per-access bit rate recommendation?	Comment by Daniel : Yes, that is correct understanding.  In this solution, my proposal is that the MSH could be made aware of access point information, thanks to the interaction between modem, OS and the UE client. This allows the MSH to gather access point info, which it could send to the AF. 

It is my understanding tht SA2 has alternatively proposed how the AF could get the access point information as well. The concept of "Access availability Information" within the 
3GPP TS 23.501 specification is primarily defined in Clause 5.32.2.2 and Clause 6.6.2.2 (specifically within Table 6.6.2.2-1). Of TS 23.501.

On the question of Af gets per access bit rate recommendation, my thought it is the same way as we did for a single access DL media session in SA4. It goes the usual process of asking the SMF/PCF and fetching that info. 	Comment by Richard Bradbury (2025-11-20): Please correct grammar.
	Optionally, the Media AF may use “Access network information reporting” as per clause 6.6.1 of TS 23.503 [41]  to collect the access type information.  This is possible, thanks to steps 9-11, where the modem informs the app about the possible access points and the app informs this to the MSH.
The Media AF calculates recommended bit rate parameters for each access network type (e.g., non-3GPP, e.g.Wi-Fi vs 3GPP e.g.5G NR) and reports this to the Media Session Handler. Alternatively, the Media Session Handler may receive the access type information from the Media AF as per clause 6.1 of TS 23.503 [41]. This information is known to the Media AF by the “Access network information reporting” as per clause 6.6.1 of TS 23.503 [41].	Comment by Richard Bradbury (2025-11-20): Sort out mess.	Comment by Prakash Kolan 12_9: Please check the clause number in 23503
19.	Network Assistance Session request and responseChoice of initial bit rate recommendation:The Media Access Function requests session setup and receives bitrate recommendation for different access networkss (e.g., 5 Mbps for LTE, 8 Mbps for Wi-Fi).


20.	Set initial bit rate: The Media Access Function chooses an optimal bit rate and operational point based on initial bit rate recommendations.
21-22. Establish media delivery using multi-access: Media delivery starts using multiple access access networks with network assistance.
23.	A MA PDU Session with AF-based Network assistance is established
The  Client subscribes to receive bit rate recommendations:
.	 Multi-access PDU Session  continues: Session continues with network assistance.. active.
24.	Subscribe to bit rate recommendations: The Media Session Handler subscribes to receive ongoing bit rate recommendations from the Media AF as network conditions change at reference point M5 as specified in clause 5.4.4 of TS 23510 [26510]. The subscription for bit rate recommendation may be for specific access networks. 
25.	Bit rate update notification: The Media AF sends updated bit rate recommendations (e.g., due to congestion or throughput improvement) to the Media Session Handler. The Media AF uses the MQTT notification channel to notify the Media Session Handler as specified in clause 5.3.4.2 of TS 26510 [26510]. The bit rate update notifications may be provided for specific access networks. 
26–27.	Media Access Function adapts bit rate: Theis information received in step-27 is shared used to configure the properties of Media Streaming session at the Media Access Function by the Media Session Handler with the Media Access Function via reference point M11 as specified in clause 11.4 of TS 26510 [26510]. The Media Access Function adjusts encoding rate or representationmedia delivery bit rate according to new bit rate. The configuration may be access network specific. 	Comment by Richard Bradbury (2025-11-20): Not sure information sharing is the right characterisation here. For downlink media streaming, it’s more setting a Service Operation Point. For uplink media streaming, definitely a gap. For RTC, probably a gap too.	Comment by Richard Bradbury (2025-11-18): Is this an existing API in TS 26.512 or something new?	Comment by Daniel : Yes, M7 interface
28.	Continue streaming: Media streaming session continues with the adapted bit rate recommended by the Media AF.
The Media Client requests a delivery boost:
29. UE detects a sudden drop in QoE: The Media-aware Application detects degraded QoE (e.g., high latency, jitter, or packet loss). This can be detected by comparing the ongoing session QoE with the historic QoE metrics collected in step 5, using for instance QMC framework as per TS 28.405 [28405].	Comment by Richard Bradbury (2025-11-18): How does an application measure ongoing session QoE?	Comment by Daniel : There are several standardised ways to do this, I had QoE measurement and configuration (QMC) framework in my mind.  
30. Request to activate delivery boost: The Media-aware Application requests a delivery boost to the Media Session Handler.  The Media Client uses this function to indicate to the network that a temporary boost, i.e., a temporary increase of network throughput is needed, for example in order to prevent the  media streaming buffer in the Media Access Function from overflowing.
.	Request delivery boost: The Media Access Function sends a request to the Media Session Handler at reference point M11 to activate a temporary performance boost.
.	Detecting sudden drop: The Media Session Handler confirms QoE drop detection event. The Media Session Handler also determines which access network type needs a delivery boost, based on access availability information, thanks to steps 139–141.Optionally, the Media Session Handler may be informed which access network types needs a delivery boost by the Media Aware Application. 	Comment by Richard Bradbury (2025-11-18): What does this term refer to?	Comment by Daniel : Access type, as defined in TS 23.503.	Comment by Richard Bradbury (2025-11-20): Check numbers.
31–32.	Invoke and respond to delivery boost: The Media Session Handler requests the Media AF to give a temporary boost to the M4 application flows over specific access point requiring thisnetworks. The requestDeliveryBoost operation of the Maf_SessionHandling_NetworkAssistance API specified in clause 9.4.2 of TS 26.510 [26510] is triggered; the network temporarily enhances QoS or bandwidth for the requested M4 application flowson that particular .	Comment by Richard Bradbury (2025-11-20): Please collapse the request/response into a single numbered step by marking the response [number=no] in the sequence diagram.	Comment by Richard Bradbury (2025-11-20): Should be annotated as follows in the sequence diagram Maf_SessionHandling_NetworkAssistance requestDeliveryBoost	Comment by Prakash Kolan 12_9: Please check the figure
	Comment by Richard Bradbury (2025-11-20): Again, what does access point mean in this context?
If you are thinking of APN, shouldn’t this instead refer to DNN in the 5G System?	Comment by Richard Bradbury (2025-11-20): Does the baseline Network Assistance API in Rel-19 support this already? If so, provide a reference. If not, highlight as a gap.	Comment by Richard Bradbury (2025-11-20): Is that what you meant?
33.	Notify boost result: The Media Access Function receives confirmation that boost has been applied from the Media Session Handler at reference point M11 as specified in clause 11.4 of TS 26510 [26510]. For downlink media streaming, for example, the response to the requestDeliveryBoost() method (step 31) is a Boolean value confirming success or failure. For uplink media streaming, no equivalent API is specified. For RTC sessions, ????????
34.	Media Access Function adjusts bit rate: The Media Access Function increases bit rate temporarily based on the above received information. For example, it may attempt to replenish its media segment buffer (downlink media streaming).	Comment by Richard Bradbury (2025-11-20): Increasing bit rate would be a foolish use of a temporary delivery boost. The purpose of the temporary boost is to allow the Media Client to catch up after a period of poor QoS (what you refer to as “sudden drop”).
Finally, the media streaming session is terminated:
359.	End Network Assistance Session: When media streaming completes, tThe UE application ends the Network Assistance Session.	Comment by Richard Bradbury (2025-11-18): Wouldn’t this be driven by a request from the application?	Comment by Daniel : Yes, indeed. 	Comment by Richard Bradbury (2025-11-20): OK. So now you need to cite the API used for this purpose, or mark it as a gap.
The sequence diagram shows the Media Access Function invoking this, but the description mentions the UE application. Something wrong there.
Please investigate.	Comment by Prakash Kolan 12_9: Yes, we need to clarify whether the UA app or the MSH initiates the network assistance session termination. But do we have this documented anywhere for single access network? I mean, this is not specific to multi-access isn’t it?	Comment by Richard Bradbury (2025-11-20): CHECK!	Comment by Prakash Kolan 12_9: Updated numbers. Please check
36.	Destroy Network Assistance Session: The Media Session Handler destroys the Network Assistance Session by invoking the destroyNetworkAssistanceSession operation of the Maf_SessionHandling_NetworkAssistance service on the Media AF at reference point M5. The Media AF releases network resources.
37.	Continue without Network Assistance: If still active, the session continues normally without Network Assistance or ends fully.	Comment by Richard Bradbury (2025-11-18): Has it finished or not?
Confusing.	Comment by Daniel : I want to say, when NA is NOT requested, the session continues without NA in MA. 	Comment by Richard Bradbury (2025-11-20): My point is that this step appears after something called “Session termination”. Maybe the sequence diagram box should be labelled “Network Assistance session termination” to resolve this confusion?	Comment by Prakash Kolan 12_9: I agree. Renamed the box to network assistance session termination to clear the confusion. 

5.18.4.5	PMF-based Network Assistance for Media Aware Application
Clause 5.18.1.3 of the present document outlines PMF measurement functionality specified in TS 23.501 [23501]. With PMF measurement functionality, two facilities are available to the UE of a MA PDU Session that can be utilized by a UE application:
-	Measurement of quality parameters such as Round-Trip Time and Packet Loss Ratio per QoS Flow per access
-	Configuration of UL and DL traffic distribution using PMF UE Assistance Data
These two facilities may be used by a UE application (e.g., the Media-Aware Application) to facilitate one of the key issue objectives documented in clause 5.18.1.5.2 of the present document: 
· Split recommendation of application flows at reference point M4 over one or more access networks (e.g., 30% on one access network and 70% over another access network).
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Figure 5.18.4.5.2-1: Procedures for PMF based Network Assistance for Media Application
Below are the steps: 
1. A 5G Media Delivery session is established over a MA PDU Session as described in clause 5.18.4.3 of the present document.
2. The Media-Aware Application requests the Media Session Handler for assistance from the network. As part of this request, the Media Aware Application requests the Media Session Handler for activation of PMF based network assistance in the UE. 
3. The Media Session Handler uses an UE internal API to request the UE OS to activate PMF measurement and reporting for the MA PDU Session as described in clause 5.18.1.3.1 of the present document. 
4. The UE OS requests the activation of PMF measurement and reporting at the UE PMF Functionality by invoking an UE internal API. 
5. The PMF Functionality in the UE and the PMF Functionality in the UPF perform PMF calculations as described in clause 5.18.1.3.1 of the present document. Calculations such as the Round-Trip Time and Packet Loss Ratio are calculated at both the PMF Functionality in the UE and PMF Functionality in the UPF. 
6. The calculated PMF measurements at the UE are reported by the UE PMF Functionality to the UE OS. The UE PMF Functionality may use a callback provided by the 
7. The UE OS forwards the calculated PMF measurements to the Media Session Handler. 
8. The Media Session Handler forwards the calculated PMF measurements to the Media-Aware Application. 
At some point, when the Media Aware Application intends to change the traffic split in UL or DL direction:
9. The Media Aware Application configures the traffic split of media delivery content across one or more access networks in either UL or DL direction by sending a Configure Traffic Split message to the Media Session Handler. The message may include the percentage split across the 3GPP access and non-3GPP access in either of the UL or DL direction or both. 
10. The Media Session Handler requests the configuration of M4 media delivery UL traffic split at the UE ATSSS Steering Functionality. The configuration may include the percentage of traffic split across the 3GPP access and non-3GPP access for the UL direction.
11. The UE ATSSS Steering Functionality applies the configuration of requested UL traffic split for M4 media delivery, and informs the Media Session Handler of a successful configuration.
12. The Media Session Handler requests the configuration of M4 media delivery DL traffic split to be performed at the UPF by requesting the UE PMF Functionality to use PMU UE Assistance as described in clause 5.18.1.3.1 of the present document.  The configuration may include the percentage of traffic split across the 3GPP access and non-3GPP access for the DL direction for M4 media flows.
13. The PMF Functionality in the UE performs PMF UE Assistance as described in clause 5.18.1.3.1 of the present document to request the PMF Functionality in the UPF for a specific DL traffic distribution. The PMF Functionality in the UE may use the configuration information received in step-12 above to request the PMF Functionality in the UPF for DL traffic distribution of M4 media delivery content across 3GPP access and non-3GPP access
14. The PMF Functionality in the UPF may configure the UPF ATSSS Steering Functionality with the requested DL traffic split percentages across 3GPP and non-3GPP accesses. 
15. The UPF ATSSS Steering Functionality responds to the UPF PMF Functionality with a DL traffic distribution configuration successful message. 
16. The UPF PMF Functionality may inform the UE PMF Functionality that the DL traffic distribution was configured successfully as described in clause 5.32.5 of TS 23.501 [23501]. 
17. The Media Access Function forwards the M4 media content to the UE ATSSS Steering Functionality to distribute the traffic across 3GPP and non-3GPP access networks as described in clause 5.18.4.2 of the present document.
18. The UE ATSSS Steering Functionality applies the UL traffic split configured in step-10 above to M4 media content as described in clause 5.18.1.3.1 of the present document. 
19. The UE ATSSS Steering Functionality delivers M4 media content to the UPF ATSSS Steering Functionlity across both the 3GPP and non-3GPP access. The UPF ATSSS Steering Functionality combines M4 media content received across 3GPP and non-3GPP access to forwards it to the Media AS as described in clause 5.32 of TS 23.501 [23501]. 
20. The Media AS sends DL M4 media content to the UPF ATSSS Steering Functionality as described in clause 5.18.4.2 of the present document. 
21. The UPF ATSSS Steering Functionality applies the DL traffic split configured in step-14 above to M4 media content as described in clause 5.18.1.3.1 of the present document.
22. The UPF ATSSS Steering Functionality delivers M4 media content to the UE ATSSS Steering Functionality as described in clause 5.18.4.2 of the present document.
23. The UE ATSSS Steering Functionality combines M4 media content received across 3GPP and non-3GPP accesses to forward it to the Media Access Function as described in clause 5.18.4.2 of the present document.       

Gap Analysis
(All New TeXT)
5.18.5.2.5	Gaps in AF-based Network Assistance for multi-access media delivery using ATSSS	Comment by Richard Bradbury (2025-11-20): Why not added to clause 5.18.5.2.3 (Gaps in Network Assistance procedures)?
A number of gaps are highlighted in the call flow presented in clause 5.18.4.3. These are summarised below to motivate normative changes to the Media Delivery specifications.	Comment by Richard Bradbury (2025-11-20): Need to reorient this clause around this objective.
In the context of multi-access PDU sessions, where traffic is distributed across both 3GPP and non-3GPP access networks using ATSSS, the media delivery specifications do not clarify:	Comment by Richard Bradbury (2025-11-19): Maybe be more specific about exactly which specifications don’t.
-	Whether a Media Client can request or receive AF-based Network Assistance specific to a given access network (e.g., 3GPP NR vs. Wi-Fi).
-	How bit rate recommendations are obtained or boosts applied for different access networks when the media delivery session spans multiple access links.
-	How Network Assistance interacts with ATSSS steering/switching rules managed by PCF.
As a result:
-	Depending on implementation, the Media Client currently receives only a session-level (aggregate) bit rate recommendation, not per-access insight.
-	Delivery boosts are applied at the PDU Session level, not selectively to one access leg.
-	Uplink media delivery (e.g., live streaming, user-generated content) cannot dynamically exploit multiple paths.
-	There is no standardized signalling linkage between AF-based Network Assistance at reference point M5 and ATSSS policy control (Npcf followed by Nsmf).
In this clause these gaps are addressed, which calls for clarification of AF-based Network Assistance behaviour in relation to uplink media delivery in multi-access scenarios. As stated above, in the current Media Delivery System architecture:	Comment by Richard Bradbury (2025-11-19): Err… No.
The Candidate Solution clause is supposed to address the gaps, I believe.
-	AF-based Network Assistance (per clause 4.0.5 of TS 26.501 [15] and clause 5.4.4 of TS 26.510 [108]) allows a Media Client to:
-	Request bit rate recommendations, and
-	Request delivery boosts, both via the Media AF using the M5 API.
These functionalities assume that the media delivery session runs over a single access (e.g., only 3GPP NR or only non-3GPP Wi-Fi). When the media delivery uses a Multi-Access PDU Session (i.e. individual PDU sessions spanning both 3GPP and non-3GPP access via ATSSS), the current AF-based Network Assistance procedures lack clarity on a few key points. The current specification of AF-based Network Assistance does not currently provide:	Comment by Richard Bradbury (2025-11-20): This is a problem statement, not a gap analysis.
Moved to clause 5.18.1.4A.
-	Full path-level detailed per-access metrics in all cases. Some measurement/reporting is specified but may not cover all paths, depends on configuration.
Candidate Solutions
(All new text)
5.18.6.3	AF-based Network Assistance for multi-access media delivery using ATSSS
To address the gaps identified in clause 5.18.5.5, it is proposed to 

Summary and Conclusions
[bookmark: _Toc189232413]5.18.7	Summary and conclusions
Multi-access media delivery enables media streaming applications to efficiently access content over multiple access networks. This Key Issue has examined existing specification relating to the ATSSS (Access Traffic Steering Switching and Splitting) architecture in TS 23.501 [23] and TS 23.502 [24] to identify its impact on 5GMS. Topics relating to application awareness and influence on multi-access delivery, potential enhancements to dynamic policy feature of 5GMS to support multiple access paths, and network assistance with multi-access delivery have been studied. The Key Issue has documented collaboration scenarios and the mapping of the ATSSS architecture into the 5GMS architecture.
The MPTCP and MPQUIC link-specific multipath IP addresses are not routable via N6 as of current release, and therefore identification of specific paths for any 5G Media Streaming procedures is not supported. Further, traffic splitting for GBR QoS Flows is not supported. If M4 media flows are transported as GBR QoS Flows, then traffic splitting of M4 media flows using ATSSS is not supported in this release, and the study is to be revisited in a future release.
The following recommendations were adopted in Release 19 deliverables:
1.	An informative annex is added to TS 26.501 [23] documenting:
a.	A brief description of multi-access media delivery, based on clause 5.18.1 of the present document.
b.	The mapping of the ATSSS architecture into the 5GMS architecture, as described in clause 5.18.3.2 of the present document.
2.	Changes to the Configuration Settings API and to the Dynamic Status Information API as described in clause 5.18.6.2 of the present document are implemented in TS 26.510 [108] to allow for application configuration and status information exchange for multi-access media delivery.
Based on the candidate solution described in clause 5.18.6.3, the following modifications to 3GPP specifications are recommended:
3.	.
end of CHANGEs
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