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[bookmark: foreword][bookmark: _Toc97036685]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
[bookmark: _GoBack]might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc97036686]
1	Scope
The Technical Report studies key issues, solutions and conclusions on the support of advanced media services, e.g., High Data Rate Low Latency (HDRLL) services, AR/VR/XR services, and tactile/multi-modality communication services. The objectives include:
Enhancements for supporting multi-modality service:
-	Study whether and how to enable delivery of related tactile and multi-modal data (e.g., audio, video and haptic data related to a specific time) with an application to the user at a similar time, focusing on the need for policy control enhancements (e.g. QoS policy coordination). 
Enhancements of network exposure to support interaction between 5GS and application:	Comment by Huawei-Nihui: 
-	Study whether and how interaction between AF and 5GS is needed for application synchronization and QoS policy coordination among multiple UEs or between multiple QoS flows per UE.
-	Study exposure of 5GS QoS information (e.g., QoS capabilities) and network conditions to the Application to enable quick codec/rate adaptation help to provide desired QoE (e.g. such as assist in alleviating 5GS congestion). 
Study whether and how the following QoS and policy enhancements for XR service and media service transmission are performed:
-	Study the traffic characteristics of media service enabling improved network resources usage and QoE.
-	Enhance QoS framework to support PDU Set granularity (e.g., video/audio frame/tile, Application Data Unit, control information), where a PDU Set consists of PDUs that have the same QoS requirements.
-	Support differentiated QoS handling considering different importance of PDU Sets. e.g., eligible drop packets belong to a less important PDU Set to reduce the resource wasting.
-	Whether and how to support uplink-downlink transmission coordination to meet RTT (Round-Trip Time) latency requirements between UE and N6 termination point at the UPF.
-	Potential policy enhancements to minimize the jitter, focusing on i.e. requirement provisioning from AF, extension of PCC rule.
Study potential enhancements of power management considering traffic pattern of media services:
-	Power saving enhancement e.g. support trade-off of throughput/latency/reliability considering device battery life, whether and how to enhance CDRX, considering XR/media traffic pattern.
NOTE 1: Whether to define a network slice type supporting media services can be determined during normative phase.
[bookmark: references][bookmark: _Toc97036687]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.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[4]	3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".
[5] 	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[6]	3GPP TR 22.847: "Study on supporting tactile and multi-modality communication services; Stage 1".

[bookmark: definitions][bookmark: _Toc97036688]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc97036689]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Video Slice: A spatially distinct region of a video frame that is encoded separately from other regions in the same frame.
Editor's Note: The Video Slice definition above needs to be confirmed by SA4.
PDU Set: A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g., a frame or video slice for XRM Services), which are of same importance requirement at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing.
Multi-modal Data: Multi-modal Data is defined to describe the input data from different kinds of devices/sensors or the output data to different kinds of destinations (e.g. one or more UEs) required for the same task or application. Multi-modal Data consists of more than one Single-modal Data, and there is strong dependency among each Single-modal Data. Single-modal Data can be seen as one type of data.
NOTE:	This definition was taken from TR 22.847 [6].
[bookmark: _Toc97036690]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc97036691]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].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc97036692]4	Architectural Assumptions and Requirements
[bookmark: _Toc97036693]4.1	Architectural Assumptions
-	The architecture, framework and the QoS model as specified in TS23.501 [2], TS23.502 [3], and TS23.503 [4] are regarded as the baseline for this study.
NOTE 1: The study focuses on using NR as access technology. Specific enhancements to other access types are not required to be studied in this TR (although not prohibited).
-	The functional split in 5GS between UE, RAN and CN remains unchanged, i.e., packet classification of DL packets is performed in CN, and the packet classification of UL packets is performed in UE.
-	XRM services are assumed to use the IP PDU session types (however other PDU types are not excluded).
-	XRM services shall be able to coexist within a PLMN or SNPN with existing services simultaneously
-	XRM services can be between client-server (i.e., UE - application server) and/or peer-to-peer (i.e., between two UEs routed via the 5G CN).
-	Architecture enhancements should support XRM applications and its traffic characteristics. However, media codec mechanisms are not in the scope of this study.
[bookmark: _Hlk96123199][bookmark: _Hlk96123255]-	XR and media application data may be encrypted by the client and/or server in some cases and unencrypted in other cases. 
NOTE 2: It is assumed that the some header information necessary for the identification of PDUs is not encrypted.
[bookmark: _Toc97036694]4.2	Architectural Requirements
The following architectural requirements are applicable to this study:
-	Solutions shall build on the 5G System architectural principles as in TS 23.501 [2], including:
-	flexibility and modularity for newly introduced functionalities.
-	existing methods for communicating the QoS profile (i.e. Standardized 5QI, Operator Pre-configured 5QI, Dynamically Signalled QoS Profile).
-	Any enhancements for this study shall not impact Emergency Services and other Priority Services (MPS, Mission Critical, etc) capabilities.
-	The existing specific 5GS services using existing QoS functions shall not require enhancement to co-exist with any QoS enhancement being specified for XRM services.
[bookmark: _Toc22192646][bookmark: _Toc23402384][bookmark: _Toc23402414][bookmark: _Toc26386411][bookmark: _Toc26431217][bookmark: _Toc30694613][bookmark: _Toc43906635][bookmark: _Toc43906751][bookmark: _Toc44311877][bookmark: _Toc50536519][bookmark: _Toc54930291][bookmark: _Toc54968096][bookmark: _Toc57236418][bookmark: _Toc57236581][bookmark: _Toc57530222][bookmark: _Toc57532423][bookmark: _Toc97036695]5	Key Issues
[bookmark: _Toc97036696][bookmark: _Toc26386412][bookmark: _Toc26431218][bookmark: _Toc30694614][bookmark: _Toc43906636][bookmark: _Toc43906752][bookmark: _Toc44311878][bookmark: _Toc50536520][bookmark: _Toc54930292][bookmark: _Toc54968097][bookmark: _Toc57236419][bookmark: _Toc57236582][bookmark: _Toc57530223][bookmark: _Toc57532424]5.1	Key Issue #1: Policy control enhancements to support multi-modality flows coordinated transmission for single UE 
[bookmark: _Toc22214905][bookmark: _Toc23254038][bookmark: _Toc97036697]5.1.1	Description
This key issue studies how to support coordinated transmission for multi-modality flows with a single UE (identified by SA WG1 TACMM in clause 6.43 and 7.10 of TS 22.261 [5]). Some advanced XR or media services may include multiple types of flows, e.g., video/audio stream, and haptic or sensor data for more immersive experience (defined in clause 6.43.1 of TS 22.261 [5]). 
The application client(s) of the different types of data of one application may be located at one UE. In another case, there are multiple types of devices, e.g., VR glasses, gloves and other devices that support haptic and/or kinaesthetic modalities, and these devices connect through wireline to a single UE that can access the 5GS. 
The objective of this Key Issue is to study how to enhance 5GS to better support the coordinated delivery of application traffic streams that are related to each other and belong to a single UE. In particular, this key issue will study:
-	Whether and how to enable, for a single UE, policy enhancements for delivering related tactile and multi-modal data (e.g., audio, video and haptic data related to a specific time) for an application to the user at a similar time (e.g., QoS policy coordination).	
-	Potential enhancements to policy control to support coordination handling at the application. 
-	Whether and how interaction between AF and 5GS is performed for application synchronization and QoS policy coordination between multiple QoS flows of a single UE.
[bookmark: _Toc97036698]5.2	Key Issue #2: Support the Application Synchronization and QoS Policy Coordination for Multi-modal Traffic among Multiple UEs
[bookmark: _Toc97036699]5.2.1	Description
One of the requirements documented in TS 22.261 [5] about tactile and multi-modal communication service, is the following:
The 5G system shall support the means to apply 3rd party provided policy(ies) for flows associated with an application. The policy may contain e.g. the set of UEs and data flows, the expected QoS handling and associated triggering events, other coordination information. The policy can be used by a 3rd party application for coordination of the transmission of multiple UEs’ flows (e.g., haptic, audio and video) of a multi-modal communication session.
This key issue will study how to enable application synchronization and QoS policy coordination for Multi-modal Data flows among multiple UEs.
In particular, this KI will study:
-	Whether and how to enable for multiple UEs the delivering related tactile and multi-modal data (e.g., audio, video and haptic data related to a specific time) with an application to the user at a similar time, focusing on the need for policy control enhancements (e.g., QoS policy coordination).
-	Potential enhancements to policy control to support coordination handling at the application. 
-	Whether and how interaction between an AF and the 5GS is needed for QoS policy coordination among multiple UEs.
[bookmark: _Toc524963523][bookmark: _Toc97036700]5.3	Key Issue #3: 5GS information exposure for XR/media Enhancements
[bookmark: _Toc524963524][bookmark: _Toc97036701]5.3.1	Description
The interaction between application and 5GS is needed to reduce latency, reduce congestion and ensure desired experience for users. 
The XR application server could adjust media codec/traffic rate to adapt to network conditions and ensure desired experience for the user. 
The QoS flow for XR/media services could be ‘GBR’ and/or ‘Non-GBR’. 
This Key Issue will study mechanisms that enable codec/rate adaptation to meet requirements for services.
-	Study the use cases and whether enhancements to the exposure framework are needed for such use cases; 
-	What 5GS information needs to be exposed to enable application codec/rate adaptation;
-	How to expose 5GS information for application codec/rate adaptation.
NOTE 1:   Parameters for exposure may be coordinated with RAN and SA4.
NOTE 2:	Potential overlap with enhancements done in FS_EDGE_Ph2/FS_UPEAS should be considered.
[bookmark: _Toc324232211][bookmark: _Toc326248702][bookmark: _Toc421821979][bookmark: _Toc97036702]5.4	Key Issue #4: PDU Set integrated packet handling
[bookmark: _Toc326248703][bookmark: _Toc421821980][bookmark: _Toc97036703]5.4.1	Description
In current 5GS, the QoS Flow is the finest granularity of QoS differentiation in the PDU Session. The 5G QoS characteristics is determined by the 5QI. This implies that each packet in a QoS flow is treated according to the same QoS requirements. 
For XR/media services, a group of packets are used to carry payloads of a PDU Set (e.g. a frame, video slice/tile). 
In media layer, packets in such a PDU Set are decoded/handled as a whole. For example, the frame/video slice may only be decoded in case all of the packets carrying the frame/video slice are successfully delivered. A frame within a GOP (Group of Pictures) can only be decoded by the client in case all frames on which that frame depends are successfully received. Hence the groups of packets within the PDU Set have inherent dependency on each other in media layer. Without considering such dependencies between the packets, 5GS may perform a scheduling with low efficiency. For example, the 5GS may randomly drop a packet but try to deliver other packets of the same frame/video slice which are useless to the client and thus waste radio resources. 
Also audio samples, haptics applications or remote control operations may benefit if the 5GS considers the PDU Set characteristics.
If such dependency between packets of a PDU Set (e.g. a frame/video slice) can be considered, it’s possible to enhance the efficiency and promote user experience.
This key issue proposes to study PDU Set integrated packet handling in 5G network, in which the group of packets belongs to a same PDU Set will be handled in an integrated manner. The key issue includes the following aspects:
-	Which types of PDU Set (e.g. frame/video slice) shall be supported for PDU Set integrated packet handling by 5G network;
[bookmark: _Hlk94089120]NOTE 1: Coordination with SA WG4 is possibly needed.
-	What information should be provided to the 5GS regarding PDU Set for integrated packet handling, and how such information should be provided.
-	How the 5GS identifies that a PDU belongs to a specific PDU Set;
NOTE 2: It is assumed that some header information necessary for the identification of PDUs and it is assumed that the corresponding information is not encrypted.
[bookmark: _Hlk94089313]-	Whether and how to enhance the QoS model and policy control for PDU Set integrated packet handling;
[bookmark: _Hlk94089401]-	Whether and how to perform the PDU Set integrated packet handling in the UE, RAN and/or UPF;
-	What information needs to be provided to the RAN and/or UPF to support PDU Set integrated packet handling in both the downlink and uplink direction. 
[bookmark: _Hlk96351276]-	Whether and how provide information to the UE for PDU Set integrated packet handling.
NOTE 3: Coordination with RAN WGs may be needed.
[bookmark: _Toc97036704]5.5	Key Issue #5: Differentiated PDU Set Handling
[bookmark: _Toc97036705]5.5.1	Description
XR/media services are characterized by high data rate and low latency. In this release, it is anticipated that the 5GS QoS framework will be enhanced to support different QoS handling for PDU Set. PDU Sets can carry different content, e.g., I/B/P frames, slices/tiles within an I/B/P frame, etc. 
This key issue proposes to support differentiated QoS handling considering different importance of PDU Sets e.g., by treating packets (i.e., PDUs) belonging to less important PDU Set(s) differently to reduce the resource wasting. The key issue includes the following aspects:
-	How does the 5GS identify the PDUs of one PDU Set.
-	How does the 5GS determine the importance information for a given PDU Set and/or dependency information between different PDU Sets.
-	Which network entity needs the importance/dependency information associated with the PDU Set and how it receives it.
-	Whether and how to enhance the QoS model and policy control for the importance/dependency information associated with a given PDU Set.
-	Definition of the importance/dependency information enabling differentiated PDU Set handling. 
NOTE 1:	RAN related aspects will be coordinated with RAN WGs.
NOTE 2:	Aspects related to how PDU Sets may depend on each other will be coordinated with SA4.
[bookmark: _Toc97036706]5.6	Key Issue #6: Uplink-downlink transmission coordination to meet Round-Trip latency requirements
[bookmark: _Toc97036707]5.6.1	Description
In order to provide immersive experience for users, the XR/media services with real-time interaction typically require very low Round-Trip latency.
Typically, during the Round-Trip transmission for XR/media traffic, the uplink latency requirement and downlink latency requirement is unbalanced and variable. Currently the 5GS can configure the separate PDBs for separate QoS flows which can be used for uplink and downlink transmission respectively based on the latency requirement for corresponding UL/DL traffic from AF as specified in TS 23.503[4]. But the challenge is how to meet the very low Round-Trip latency requirement with the variable and unbalanced uplink/downlink latency overhead. Since the AF lacks dynamic information of the current UL/DL situation, it is difficult for AF to split the RTT requirement into UL and DL delay requirements in an optimized way.
This key issue aims at addressing the following points for XRM:
-	Whether and how to support uplink-downlink transmission coordination to meet Round-Trip latency requirements between UE and N6 termination point at the UPF, including the following aspects.
-	Potential interaction between AF and 5GS for uplink-downlink transmission coordination, e.g. RTT latency requirement;
-	Potential QoS enhancements for uplink-downlink transmission coordination, with regard to the RTT latency requirement.
[bookmark: _Toc97036708]5.7	Key Issue #7: Policy enhancements for jitter minimization
[bookmark: _Toc97036709]5.7.1	Description
This key issue intends to study policy enhancements to minimize jitter for QoS flows supporting XR and media services. XR and media services are mainly targeting scenarios such as cloud gaming, cloud AR/VR applications. For XR and media services, it is necessary to minimize jitter as jitter is one of the factors that influence the user experience of XR/media services.
The following aspects need to be studied:
-	Potential policy enhancements to minimize the jitter, focusing on i.e. requirement provisioning from AF, extension of PCC rule.
NOTE: Coordination with SA WG4 might be needed.
[bookmark: _Toc50536656][bookmark: _Toc50575409][bookmark: _Toc97036710]5.8	Key Issue #8: Enhancements to power savings for XR services
[bookmark: _Toc97036711]5.8.1 	Description
The objective of this Key Issue is to study whether and how to improve power management schemes like CDRX to achieve the best trade-off among key performance indicators like latency and device battery lifetime. 
Solutions for this Key Issue rely on the enhancements to power saving schemes to support XR services studied during RAN1 SI on XR evaluation in Release 17 and under investigation in Release 18 and builds on top of those features.
For this Key Issue the following areas should be studied: 
-	Which information (e.g., XR/media traffic characteristics, traffic pattern and statistics), if any, is needed by the RAN from the CN and/or the UE to enhance power management (i.e., CDRX). If needed, how such information is collected.
NOTE:	This Key issue requires collaboration with RAN WGs.
[bookmark: _Toc97036712]5.9	Key Issue #9: Trade-off of QoE and Power Saving Requirements 
[bookmark: _Toc97036713]5.9.1	Description
The more efficient codec requires more power consumption and higher reliability. Also, the higher throughput and lower latency budget also requires more power consumption and more network resource. Hence, trade-off of QoE and device power consumption needs to be considered.
This key issue aims at addressing the following points for XRM:
-	How to support trade-off of throughput/latency/reliability and power consumption (e.g. device battery life).
NOTE: Coordination with RAN WGs may be needed for the above bullet.
[bookmark: _Toc97036714]5.X	Key Issue #x: <Key Issue title>
[bookmark: _Toc26386413][bookmark: _Toc26431219][bookmark: _Toc30694615][bookmark: _Toc43906637][bookmark: _Toc43906753][bookmark: _Toc44311879][bookmark: _Toc50536521][bookmark: _Toc54930293][bookmark: _Toc54968098][bookmark: _Toc57236420][bookmark: _Toc57236583][bookmark: _Toc57530224][bookmark: _Toc57532425][bookmark: _Toc97036715][bookmark: _Hlk500943653]5.X.1	Description
Editor’s note: This clause provides a description of the key issue. It's recommended to provide Use cases/scenarios here to support the key issue.
[bookmark: _Toc26431228][bookmark: _Toc30694626][bookmark: _Toc43906648][bookmark: _Toc43906764][bookmark: _Toc44311890][bookmark: _Toc50536532][bookmark: _Toc54930304][bookmark: _Toc54968109][bookmark: _Toc57236431][bookmark: _Toc57236594][bookmark: _Toc57530235][bookmark: _Toc57532436][bookmark: _Toc97036716]6	Solutions
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc97036717][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	Solutions
	
	

	
	<Key Issue #1>
	<Key Issue #2>

	#1
	
	

	#2
	
	



[bookmark: startOfAnnexes][bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc97036718]6.X	Solution #X: <Solution Title>
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc97036719]6.X.1	Key Issue mapping
Editor's Note:	This clause lists the key issue(s) addressed by this solution.
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc97036720]6.X.2	Description
[bookmark: _Toc500949101]Editor's Note: This clause will describe the solution principles and architecture assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details. 
[bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc97036721]6.X.3	Procedures
Editor's Note: This clause describes high-level procedures and information flows for the solution.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc97036722]6.X.4	Impacts on services, entities and interfaces
Editor's Note: This clause captures impacts on existing 3GPP nodes and functional elements.
[bookmark: _Toc250980595][bookmark: _Toc326037266][bookmark: _Toc510604411][bookmark: _Toc92875665][bookmark: _Toc93070689][bookmark: _Toc97036723][bookmark: _Toc310438366][bookmark: _Toc324232216][bookmark: _Toc326248735][bookmark: _Toc510604412]7	Overall Evaluation
Editor’s Note: This clause provides evaluations of different solutions.
[bookmark: _Toc92875666][bookmark: _Toc93070690][bookmark: _Toc97036724]8	Conclusions
Editor's Note: This clause will list conclusions that have been agreed during the course of the study item activities.
[bookmark: _Toc97036725]Annex A (informative):
Traffic characteristics of XR and media services
[bookmark: _Toc97036726]A.1 Frame and GOP
A video consists of a sequence of consecutive video frames. Each video frame is a picture encoded/compressed using different codec mechanisms (e.g. H.264/H.265/H.266, AV1 or AVS) for efficient storage and transmission. During encoding, the video spatial and temporal redundancy can be removed using, e.g. inter-frame/intra-frame prediction, motion estimation/compensation. Typically, three major frame/picture types can be used during encoding, i.e. I-frame, P-frame and B-frame: 
-	I-frame, as an intra-coded picture, is a complete picture and can be encoded and decoded independently, like a JPG image file. 
-	P-frame, as a predicted picture, is not a complete frame and only contains the image changes compared to the previous frame. If the reference frame is lost, the P-frame cannot be decoded and displayed. 
-	B-frame, as a bidirectional predicted picture, contains the changes between the previous and following reference frames. With more reference frames, the compression ratio can be higher. However, the B-frame can only be decoded when the previous and following reference frames are available. 
A Group of Pictures (GOP) includes a collection of successive video frames. The first frame in a GOP is an I-frame. And the following frames can be P-frames or B-frame.
[bookmark: _Toc97036727]A.2 Other traffic characteristics
1) Periodic and jitter
Data burst of video frame are always periodic with variable packet size. For example, audio frame ususally have a periodicity of 20ms, while video stream can have different frame rate, e.g., 60/90/120 fps. Besides, pose/control packets are always periodic (e.g., 4ms) with fixed packet size. Due to the unpredictable jitter, the packet arrival time might not be exacly periodic, which leads to transmission delay or packet loss. 5GS should take both periodicity and jitter into consideration for XR and media service. 
2) Frame importance
For XR and media service, different types of frame coexist and have different importance. For example, in Group of Picture (GOP), the first I-frame is the most important frame, other P-frames are encoded based on the I-frame. That is, the decoding of P-frames depends on the decoding of I-frame in the same GOP. Therefore, frame importance should be provided to enable 5GS to perform efficient packet dropping, e.g., the non-transmitted part with low importance of GOP will be discarded at the transmitter if the packets with high importance of the GOP have been lost or exceed the delay budget. 
3) PDU set granularity
XR applications impose requirements in terms of PDU sets(e.g., video/audio frame/tile, Application Data Units etc.), rather than in terms of single packets/PDUs. Packets of one PDU set need to be jointly processed for XR traffics. 5G system should be aware of the PDU set in order to improve transmission performance. Basically, the PDU set SN, the packet SN within the PDU set, the total packet number of the PDU set or the last packet indication should be provided to 5G system for each packet. 
4) Traffic correlation 
Some advanced XR or media services may include multiple traffic streams such as video, audio, haptic data or sensor data etc., which are called multi-modality communication. Different traffic streams with different QoS parameters are always mapped to different QoS flows. Packets within the same traffic stream with different packet characteristics (e.g., packet importance, frame type etc.) may also be classified and mapped into different QoS flows. These QoS flows belong to the same XR and media service have strong correlations, which should be coordinated for QoS requirement, packet processing and time synchronization etc.  
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