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2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …

	X
	Study 

	
	Normative – Stage 1

	
	Normative – Stage 2

	
	Normative – Stage 3

	
	Normative – Other*



2.2	Parent Work Item
For a brand-new topic, use “N/A” in the table below. Otherwise indicate the parent Work Item.
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	5G_RTP
	SA4
	960046
	Real-Time Transport Protocol Configurations



2.3	Other related Work Items and dependencies

	Other related Work /Study Items (if any)

	Unique ID
	Title
	Nature of relationship

	810006
	Extended Reality (XR) in 5G
	Relevant XR use cases in the conversational space

	820003
	Support of Immersive Teleconferencing and Telepresence for Remote Terminals
	Previous work in MTSI related to 360-degree immersive communication in IMS

	850042
	Study on evolution of IMS multimedia telephony service
	Feasibility study on AR call

	880011
	Study on 5G Glass-type AR/MR Devices
	Feasibility study on 5G support of AR/MR devices including AR conversational services

	920029
	Stage 1 of Evolution of IMS Multimedia Telephony Service
	Requirements to support AR telephony communication as specified in TS 22.261

	940066
	Study on system architecture for next generation real time communication services
	Study on system architecture enhancement for next-generation real-time communication in IMS.

	950014
	Immersive Real-Time Communication for WebRTC
	iRTCW is expected to reference a WebRTC configuration of RTP developed in this work item

	960042
	IMS-based AR Conversational Services
	IBACS is expected to reference an IMS configuration of RTP developed in this work item

	960045
	Split Rendering Media Service Enabler
	The Split Rendering Media Service Enabler spec is expected to reference an IMS configuration of RTP developed in this work item

	950013
	Study on Smartly Tethering AR Glasses
	RTP header extensions are recommended in clause 7.2 and clause 8 of TR 26.806 for supporting in-band end-to-end delay measurements. 

	870013
	Traffic Models and Quality Evaluation Methods for Media and XR Services in 5G Systems
	Aspects related to XR Split rendering and AR Conversational may be relevant as background information.

	1010032
	Study on Extended Reality and Media service (XRM) Phase 2
	Cross-layer aspects related to enhancing support of RTP configurations and extensions developed in this work item for extended reality and media services in 5G. 



3	Justification
Earlier work on AR and MR, such as TR 26.998 (5G Glass-type AR/MR), identified multiple aspects of normative work to support “5G/AR Real-time Communication” (clause 8.4). TR 26.998 identified normative work needed to support delivery of immersive media via RTP for IMS-based and WebRTC-based conversational services. Such normative work has not been fully exploited during Release 18 when the 5G_RTP WI was completed at the SA4 #127 meeting. TS 26.522 includes three new RTP header extensions and a new RTCP extended report for supporting conversational services based on traditional media and XR media in 5G systems [1]. 
SA2 is studying enhanced PDU set based QoS handling and enhanced QoS handling for XR services in the Release-19 study FS_XRM_ph2. SA2 identified the key issues such as enhanced support of PDU set based QoS handling, PDU set information identification for end-to-end encrypted XRM traffic, traffic detection and QoS flow mapping for multiplexed data flows and QoS handling for dynamically changing traffic characteristics. SA2 requires support from SA4 for handling the below key issues related to the RTP protocol  perspective.
To better support real-time media transport for conversational services in the 5G system for both WebRTC and IMS, a number of key issues related to RTP and the RTCP need to be addressed:
1. Inaccuracy of the PDU Set Size (PSSize) information. TS 26.522 defines the PDU Set marking  RTP header extension, which allows the traffic characteristics known at the RTP traffic source to be exposed to the network to allow for cross-layer design (e.g., assisting network resource allocation at the RAN). Rel-18 WI identified the issue of the inaccuracy of the PDU Set Size (PSSize) caused by network operations such as NAT46/64, TURN, IP segmentation, and segmented routing. The issue may cause inefficacy or degraded user experience but did not get enough time for a thorough study. The issue needs to be further studied in Rel-19.
2. Issues around "lonely” PDU, as identified by SA2, The ‘lonely’ PDUs are PDUs that are not marked with the PDU Set information at the RTP source, and they could be RTCP packets or audio packets. It is not clear whether the PSA UPF marking the ‘lonely’ PDUs with PDU Set information will have negative impact on the media application. This issue is closely related to cross-layer design and was suggested by SA2 for SA4 to study [2] and should be studied in SA4.  
3. Enhancements for application-layer FEC support. According to clause 5.7.4 of TR 26.926 [6], commercial XR split rendering and cloud gaming services use Application Layer Forward Error Correction (FEC). This clause also introduces several RTP based FEC schemes defined by IETF primarily to be used in WebRTC. It is worthwhile to study if any of these FEC schemes can be added to 3GPP specifications, for example to support split rendering. 
4. Application-layer FEC awareness for PDU Set handling. Application-layer FEC is also in the scope of SA2 XRM SI phase 2 [3]. In the context of cross-layer design, it is important to understand how to expose the application-layer FEC information to the communication network (UPF, RAN) to enable intelligent resource allocation. Also, there are intricate interactions between the application and the network. In particular, network dropping extra PDUs in a PDU Set encoded with application-layer FEC, if any, may send a false signal to the application on the packet loss rate and the congestion level in the network, and lead to undesired adaptation from the application such as increased redundancy ratio and reduced sending rate. SA4 needs to understand the interactions between the application and the network in the case of application-layer FEC and intentional packet dropping by the network and the impact on the media performance.
5. RTP transport of XR metadata. This is to study whether RTP based delivery of metadata is beneficial. There may be a benefit to define RTP based delivery of XR metadata besides the data channel based delivery.
6. PDU Set marking for XR streams with RTP end-to-end encryption. This is an issue identified in SA2 XRM Phase 2 SI [3]. The current PDU Set identification relies on the RTP source to mark PDU Set with an RTP header extension defined in TS26.522. To support the case of end-to-end encryption, additional work may be needed in SA4.
7. RTCP messages to better support XR services in 5G. The existing RTP and RTCP mechanisms were designed for conventional audio/video applications. The new XR services generally require lower latency, higher throughput, and the transmission of new metadata to support e.g., low latency applications. It is important to examine the life cycle of typical and emerging XR applications and study if there are gaps in the RTCP reports (e.g., the Loss RLE Block [4] and the Discard RLE Block [5] in the RTCP extended report) and the RTP retransmission mechanisms. Also, define SDP signaling to support XR media delivery and RTP payload formats binding for XR media capabilities.
8. RTP retransmission in supporting XR services in 5G. RTP retransmission is included in TS 26.114 as one mean to compensate packet losses for real-time media. However, retransmissions result in additional delay and jitter. In particular, for XR low-latency applications, such as split rendering, the use of a retransmission protocol may be challenging. It is worthwhile to study if retransmission schemes may provide any benefits for XR real-time services and, if so, what configurations are useful in which cases. In particular, SA4 needs to understand the impact of RTP retransmission on network QoS handling for XR applications, interactions between the application and the network, when RTP retransmission and PDU Set based QoS handling are used together, and identify the impact on media delivery.
9. Feasibility of RTP multiplexing options for transport of XR media streams. RTP allows different delivery options for multiple media streams. Those can be transmitted as multiple RTP streams in a single RTP session, in multiple RTP sessions, or in some cases, multiplexed media can be carried in a single RTP stream. SA4 needs to study the feasibility of the different delivery options for transport of XR media, e.g., in terms of timing space, sequence number space and synchronization (RFC 3550), and provide recommendations on their support for addressing different use cases.
10. Document use cases and intended deployment scenarios for enhancements of RTP header extension for PDU Set marking.  
11. Enhancements of RTP header extension for PDU Set marking. In TS 26.522, an RTP header extension for PDU Set marking is specified. Additional enhancements may be considered, namely: 1) The definition of a default value for PDU Set Importance for the case when it is not specified by the sender. 2) Guidelines for an AS that is on the media path between two or more UEs, (e.g., an MRF or MCU). 3) Study the applicability of the PDU Set concept for the cases where the PDU Set is not a video frame or slice (e.g., an HEVC tile, metadata, audio, text, image, etc.)
12. End of Data Burst Marking. TS 26.522 includes an End of Data Burst field in the PDU Set marking header extension. Guidelines need to be recommended for setting and potential enhancement of this field, considering the developments in the FS_XRM_Ph2 work in SA2.


NOTE: The introduction of QUIC is not a subject of this study. 
This study item focuses on optimizing the use of RTP for the transport of real-time XR media (including conversational media) and associated metadata.  The use of the IMS Data Channel is still supported by existing services such as MTSI but is outside the scope of this work. Additional study areas may be added, if time permits. 
4	Objective
The study item aims to:
A. Document the following Key Issues in more detail, and in particular how they relate to RTP and RTCP for WebRTC and IMS-based XR services:
1. Inaccuracy of the PDU Set Size (PSSize) information
2. Issues around "lonely” PDU, as identified by SA2. 
3. Enhancements for application-layer FEC support (e.g., for split rendering)
4. Application-layer FEC awareness for PDU Set handling
5. RTP transport of XR metadata
6. PDU Set marking for XR streams with RTP end-to-end encryption.
7. RTCP messages to better support XR services in 5G. 
8. RTP retransmission for supporting XR services in 5G.
9. Feasibility of RTP multiplexing options for transport of XR media streams.
10. Document use cases and intended deployment scenarios of enhancements for RTP header extension for PDU Set marking.
11. Enhancements of RTP header extension for PDU Set marking .
12. End of Data Burst Marking.
13. Consider any new key issues coming from SA2 that would fall under SA4’s scope.
B. Identify gaps that require solutions for each of the key issues.  
C. Discuss candidate solutions and identify suitable ones for key issues requiring solutions.
D. Coordinate work with other 3GPP working groups and external organizations as needed.
E. Identify gaps and recommend potential normative work (or additional study), including which existing specifications would be impacted and/or if any new specifications would preferably be developed. 
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