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1. Introduction
During SA4#127 meeting, a new study on Advanced Media Delivery (FS_AMD) in document S4-240518 was agreed in SA4, and later in SA#103 meeting SP-240514. One of the topics of this study is Multi-CDN and Multi-Access Media Delivery. Specifically, the extract for scope of work related to Multi-Access Media Delivery in the agreed study item is as follows:
Multi-CDN and Multi-Access Media Delivery: …….. Further extensions include the ability for a client to use multiple access networks at the same time to support media delivery. Study of integration of different technologies into the Media Delivery System is of relevance to address content provisioning, content hosting, impacts on user plane reference points M2 and M4, and on media session handling at reference point M5 as well as potential benefits in terms of quality and resource usage. 
This contribution discusses some background information for Multi-Access related specification in 3GPP SA2, and further discusses some of the 5GMS features that may need to be studied with Multi-Access.     

2. Background 
2.1 ATSSS (Access Traffic Steering, Switching, Splitting) Standardization in 3GPP
Multi-access related specification is specified in 3GPP for an optional feature ATSSS (Access Traffic Steering, Switching, Splitting) in 5G network. ATSSS feature is specified by 3GPP SA2 and documented in clause 5.32 of TS 23.501. Some of the key principles based on which multi-access is supported in 3GPP (from TS 23.501 clause 5.32) are:
a) ATSSS feature enables multi-access PDU Connectivity Service allowing exchange of PDUs between UE and data network by simultaneously using one 3GPP access network and one non-3GPP access network and two independent N3/N9 tunnels between PSA and RAN/AN. 
b) Multi-Access PDU Connectivity Service is facilitated using Multi-Access PDU (MA PDU) Session that may have user-place resources on two access networks. A 5G Media Streaming session on top of a MA PDU Session may mean that the M4 and M5 flows between the Media Session Handler and 5GMS AF and in between Media Stream Handler and 5GMS AS respectively may use two different access networks. 
c) The UE is supplied with policy rules by the network (ATSSS rules) for deciding on how to distribute the uplink traffic across multiple access networks. Similarly, the UPF anchor is supplied with policy rules by the network (N4 rules) 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 SMF. The SMF may map PCC rules from PCF to create such ATSSS and N4 rules. 
d) 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. 
e) If the UE requests an S-NSSAI, the same S-NSSAI is allowed on both the accesses 
f) For QoS support, the same 5G QoS model is applicable for MA PDU Session similar to that of Single-Access PDU Session i.e. QoS Flow is the finest granularity of QoS differentiation in the MA PDU Session. However, QoS Flow is access agnostic, therefore the same QoS applies to each of the different accesses in the MA PDU Session i.e. the same QoS is available across two different paths in different accesses. The network (SMF) may provide QoS rules to the UE via one access and they are used for both the 3GPP access and non-3GPP access. Therefore, for a 5G Media Streaming Session using a MA PDU Session, two user plane paths transmitting M4 and/or M5 application flows may receive the same QoS similar to the way they are transmitted on the same PDU Session using a single access.  
g) The network may provide Measurement Assistance Information to the UE and/or UPF to assist them in determining which measurements (round trip measurements, packet loss rate measurements) are to be performed before deciding how to distribute traffic across two accesses.
h) The ATSSS rules provided to the UE by the network contains information about the type of steering functionality to use to distribute traffic across multiple accesses. Steering functionality is the functionality that can steer, switch, and split traffic across multiple accesses. From clause 5.32.8 of TS 23.501, supported steering functionalities include: 
· Higher-layer MPTCP (Multipath TCP) functionality – An MPTCP proxy functionality is enabled on the UPF. The MPTCP functionality in the UE may communicate with the MPTCP proxy functionality in the UPF to distribute and aggregate traffic across multiple accesses.  
· Higher-layer MPQUIC (Multipath-enabled QUIC) functionality - An MPQUIC proxy functionality is enabled on the UPF. The MPQUIC functionality in the UE may communicate with the MPQUIC proxy functionality in the UPF to distribute and aggregate traffic across multiple accesses.
· ATSSS-LL (ATSSS Low-Layer) functionality – the functionality that allows steering, switching, and splitting traffic across two accesses based on information from IP layer and below.  
i) The ATSSS rules provided to the UE by the network contains information the type of steering modes to use for matching traffic. Steering mode determines how the matching traffic is to be distributed across 3GPP and non-3GPP accesses. Supported steering modes include
· Active-Standby: Used to steer a SDF on one access (Active access) when this access is available, and steer SDF to a Standby access when the Active access is unavailable
· Smallest Delay: The SDF is steered to the access with smallest round trip 
· Load-Balancing: Used to split SDF across both the accesses if both of them are available
· Priority-based: Used to steer SDF onto an access with higher priority
· Redundant: Used to duplicate traffic of an SDF on both accesses if both of them are available. 
  
2.2 Research and Literature
The two main steering functionalities with multiple accesses supported by 3GPP SA2 are MPTCP and MPQUIC. This clause presents some background research literature on these two functionalities and on topic of multipath video streaming in general. 
· [1] explores whether MPTCP benefits mobile video streaming, especially DASH, and concludes that MPTCP performs better than TCP when the bandwidth on two paths is constant and the cases where a secondary link with low bandwidth is added to the highly variable primary link. However, the paper finds that when an unstable secondary path is added to a stable primary path MPTCP performs worse, thereby claims that MPTCP is sensitive to bandwidth fluctuation which may cause DASH to underperform. 
· [2] presents similar analysis that DASH can benefit from improved aggregated throughput by MPTCP; yet the inter-path throughput difference and intra-path throughput fluctuation have noticeable (negative) impact with MPTCP, resulting in low bitrates or frequent rebuffering even if high bandwidth paths are available. 
· [3] presents a detailed survey of work related to multipath wireless streaming. Regarding DASH with MPTCP, one topic that [3] discusses is that the logic for DASH is on the client side (rate adaptation) while the MPTCP scheduler (for scheduling decisions related to packet selection and distributing them) is on the server side. [3] presents literature work on MPTCP performance limitations (e.g., out-of-order packets, HOL blocking due to ARQ mechanism, frequent throughput fluctuation and unnecessary fast retransmission, content-agnostic traffic scheduling) and a relatively simpler and cleaner MPQUIC for adaptive video streaming. However [5] compares MPTCP with MPQUIC for adaptive video streaming (DASH) in a WIFI and LTE testbed environment and shows that MPTCP outperforms MPQUIC in terms of available bandwidth and number of video quality switches.
· [4] presents a survey on multipath transport protocols towards 5G Access Traffic Steering, Switching, and Splitting (ATSSS), the main enabler behind multi-access in 3GPP. This paper reviews current standardization activities (around multi-connectivity and ATSSS architecture), multipath transport protocols covering core functionalities such as path management, scheduling, congestion control, and reliable transfer. It discusses integration of multipath transport in ATSSS to achieve eMBB and URLLC service requirements. 

2.3 Topics for study
Based on standardization in 3GPP and background literature for multipath transmission, we envision few study topics when analyzing multi-access for 5G Media Streaming:
a) Preferred steering functionalities for 5G Media Streaming: As discussed in clause 2.1 of this document, TS 23.501 supports three different steering functionalities (MPTCP, MPQUIC, ATSSS-LL). There exists literature on pros and cons of some of these steering functionalities for video streaming. While most of the existing literature suggest MPQUIC over MPTCP for multipath video streaming, it is beneficial if SA4 looks more closely for advantages of each of the options, and potentially specify the preferred option(s).  
b) Provisioning to impact traffic steering, switching, and splitting of 5GMS traffic: In clause 2.1 of this document, it is observed that SMF, based on policy rules from PCF, creates or updates ATSSS and N4 rules and forwards them to UE and UPF respectively. In TS 26501, there are provisioning aspects over M1 (e.g., dynamic policy, QoS provisioning) because of which 5GMS AF interacts with PCF to enable those features. It can be studied if any provisioning enhancements on M1 are useful/needed to impact creation/modification of ATSSS and/or N4 rules (via PCF) thereby enabling 5GMS network/Application Provider initiated traffic steering, switching, and splitting of 5GMS traffic
c) QoS Management: TS 26501 and TS 26510 specify QoS specifications (M1QoSSpecification, M5QoSSpecification) for provisioning and dynamic policy. While these were specified keeping in mind a simple TCP transport for 5G Media Streaming session, it needs to be studied if any of the above QoS specifications are to be enhanced for a multipath transport with multiple accesses. 
d) Traffic steering, switching, and splitting of 5GMS traffic: It is to be studied whether 5GMS traffic (M4 and M5 flows) can actually be steered, switched and split across multiple accesses and still guarantee the required QoS (M5 traffic is lightweight compared to M4, so expect lower impact to M5 traffic because of ATSSS), and if any conditions can be provisioned or configured for such processes to take place.
e) Possible enhancements to network assistance and reporting (metrics and consumption): It can be studied if current network assistance information and reporting information (for both metrics and consumption) can be enhanced for multiple accesses (e.g., possibly separate information for each access?). 
         
3. Multi-Access for 5G Media Streaming 
[bookmark: _Toc73951301][bookmark: _Toc131151126]3.1	Description
[Text from clause 2.1 and 2.2 of this contribution] 

[bookmark: _Toc73951302][bookmark: _Toc131151129]3.2	Collaboration Scenarios
Editor’s Note: Study collaboration scenarios between the 5G System and Application Provider for each of the key topics.
[bookmark: _Toc73951303][bookmark: _Toc131151130]3.3	Deployment Architectures
Editor’s Note: Based on the 5GMS Architecture, develop one or more deployment architectures that address the key topics and the collaboration models.
[bookmark: _Toc73951304][bookmark: _Toc131151131]3.4	Mapping to 5G Media Streaming and High-Level Call Flows
Editor’s Note: Map the key topics to basic functions and develop high-level call flows.
[bookmark: _Toc73951305][bookmark: _Toc131151132]3.5	Potential open issues
The following potential open issues are identified:
1)	Applicable steering functionalities for transporting 5G Media Streaming traffic. Whether and how 5GMS traffic flows (M4 and M5) can be steered, switched, and split based on ATSSS architecture. 
2)	Possible enhancements to provisioning of 5G Media Streaming sessions to impact access traffic steering, switching, and splitting across multiple accesses – Enhancements to M1 interface
3)	QoS Management while transporting 5GMS traffic over multiple access networks. Applicable stage 2 and stage 3 aspects related to impact to M1 and M5 QoS specifications because of multiple accesses. 
[bookmark: _GoBack]4)	Possible enhancements to dynamic policy, network assistance and reporting (metrics, consumption reporting) functionalities – Impacts to M5 interface

[bookmark: _Toc73951306][bookmark: _Toc131151133]3.6	Candidate Solutions
Editor’s Note: Candidate solutions for identified key issue.
[bookmark: _Toc131151135]3.7	Conclusion
Editor’s Note: Conclusion at end of study of key issue.
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5. Proposal
We propose to add clause 3 of this contribution to the TR for the FS_AMD study.
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