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[bookmark: foreword][bookmark: _Toc14372][bookmark: _Toc18203][bookmark: _Toc685][bookmark: _Toc129708866][bookmark: _Toc22469][bookmark: _Toc2732]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:
[bookmark: _Toc16243][bookmark: _Toc23035]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
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: _Toc22397][bookmark: _Toc129708867][bookmark: _Toc26344][bookmark: _Toc7652][bookmark: _Toc23662][bookmark: _Toc32647]Introduction
XR (Extended Reality) refers to a set of general services which leverage High Data Rate Low Latency (HDRLL), AR/VR, and tactile/multi-modality communication. 
SA1 defines the requirement for XR (Extended Reality) relevant Services. In Release-18, SA1 defined the requirement for tactile and multi-modal communication service in the TS 22.261 clause 6.43, including the support to provide policy(ies) for flows associated with an application, and apply 3rd party provided policy(ies). 
XRM in SA2 studies the 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. Also, some network information is going to be exposed, including the congestion level information, Data rate, delay difference and round trip delay of QoS flow. 
Considering the XR requires high bandwidth and low latency requirement, it is important to explore how to ensure transmission quality from the application enabling layer, based on the capabilities of the 5GC and the policies or application information provided by AF(s). 
[bookmark: scope][bookmark: _Toc9965][bookmark: _Toc129708868][bookmark: _Toc25154][bookmark: _Toc5506][bookmark: _Toc6097][bookmark: _Toc27695]
1	Scope
The present document studies application enabling layer architecture requirements, key issues, and solution recommendations to support XR services. 
The study is based on the requirements defined in TS 22.261 [2] and is dependent on the 5GC architecture supporting XRM services as specified in 3GPP TS 23.501 [3], 23.502 [4], and 23.503 [5].

[bookmark: references][bookmark: _Toc27905][bookmark: _Toc129708869][bookmark: _Toc32050][bookmark: _Toc20290][bookmark: _Toc1712][bookmark: _Toc1341]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 TR 22.261: "Service requirements for the 5G system".
[3]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[4]	3GPP TS 23.502: "Procedures for the 5G System (5GS); Stage 2".
[5]	3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".
[6]	3GPP TS 23.433: "Service Enabler Architecture Layer for Verticals (SEAL);Data Delivery enabler for vertical applications;  Stage 2".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

[bookmark: definitions][bookmark: _Toc9614][bookmark: _Toc3987][bookmark: _Toc129708870][bookmark: _Toc21069][bookmark: _Toc5511][bookmark: _Toc6895]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc27982][bookmark: _Toc2706][bookmark: _Toc129708871][bookmark: _Toc23413][bookmark: _Toc15809][bookmark: _Toc32119]3.1	Terms
For the purposes of the present document, the terms given in 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 TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc21784][bookmark: _Toc7503][bookmark: _Toc28178][bookmark: _Toc19789][bookmark: _Toc129708872][bookmark: _Toc22650]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc17217][bookmark: _Toc17869][bookmark: _Toc7180][bookmark: _Toc129708873][bookmark: _Toc32035][bookmark: _Toc14162]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].
<ABBREVIATION>	<Expansion>

[bookmark: clause4]
[bookmark: _Toc5537][bookmark: _Toc10536][bookmark: _Toc30936][bookmark: _Toc146875941][bookmark: _Toc3162][bookmark: _Toc9238]4	Key issues
[bookmark: _Toc24736][bookmark: _Toc18420][bookmark: _Toc11822][bookmark: _Toc30487][bookmark: _Toc146875942][bookmark: _Toc1306][bookmark: _Toc18900]4.1	Key issue #1: KPI measurement and exposure
According to clause 6.43 of TS 22.261 [2], synchronization between different media components is crucial for immersive multi-modal VR applications. This becomes particularly important when the synchronization threshold between two or more modalities is lower than the latency Key Performance Indicator (KPI) for the application, emphasizing the significance of minimizing delay differences. Otherwise, the arrived flows need to wait for other highly related flows that do not arrived yet. The SA2 provides the 5GS Packet Delay Variation monitoring to expose the variation of packet delay measured between UE and PSA UPF, which is only the single flow delay jitter. SA2 also defines the PDU Set Delay Budget (PSDB), which is the maximum delay that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF. Application enabling layer could help to provide the ene-to-end measurement of the delay difference among those associated flows .
Another example is the duration of the burst. When the duration of the burst is long or the burst are too frequent, those indicators can suggest that the burst traffic may exceed the transmission capacity, leading to the viewer to detect frame dropping. Therefore, the duration of the burst, or, the frequency of burst may become an indicator that VAL may be interested in when providing XR services. The enabling layer can monitor the traffic to get the predicted duration of the burst based on the statistic, which can be used to do the traffic shaping. 
To sum up, there are multiple indicators that may impact the performance of XR services, therefore this key issue will study:
-	identify what KPI the application enabling layer could provide that impact the QoS of the XR services.
NOTE: Coordination with SA4 and reuse of SA2 capabilities are needed.
-	how the KPI could be measured at the application enabling layer, and the enhancement of the SEALDD services. 

[bookmark: _Toc27446][bookmark: _Toc21146]4.2	Key issue #2: E2E Multi-Modal Communication Flows
Many XR use cases will require E2E multi-modal communication flows between application clients and application servers. SA1 has defined requirements for tactile and multi-modal communication service in 3GPP TS 22.261 clause 6.43, including the support to provide policy(ies) for E2E multi-modal communication flows associated with applications. 
Using information provided by application clients and servers (e.g., policies), the application enablement layer, in coordination with the 5G CN, can support functionality to assist in managing E2E multi-modal communication flows between application clients and application servers. 
This key issue will study:
-	Whether and how to support the E2E multi-modal communication flows between application clients and application servers within the application enablement layer?
-	Whether and how to support the interaction between the application enablement layer and 5G CN to manage E2E multi-modal communication flows between application clients and application servers?
-	Whether and how SEALDD may be enhanced to assist in managing E2E multi-modal communication flows between application clients and application servers involved in the same application service (e.g., support for multi-modal aware SEALDD flow management and policies)?
NOTE 1: This key issue should not impact 3GPP Core Network.
NOTE 2: SA6 should coordinate with SA4 on E2E multi-modal communication to ensure SA6 defined features are compatible with the needs of SA4. SA4 work will be reused for this KI as much as possible.
[bookmark: _Toc11344][bookmark: _Toc32610][bookmark: _Toc24694][bookmark: _Toc8490][bookmark: _Toc14693][bookmark: _Toc945]4.3	Key Issue #3: Coordination between direct UE connection and network based connection for AR/VR services
In clause 7.6.1 of 3GPP TS 22.261 [2], the gaming or training service data can be exchanged between two 5G connected AR/VR devices. Communication over a direct link between the UEs can improve performance and service experience. Communication over 5G network and direct wireless connection can be used in parallel between AR/VR devices for redundancy or for different kinds of multi-modal call flows. Based on user consent, operator policy and trusted 3rd party request, the 5G network shall support a means to authorize specific UEs to transmit data (e.g. AR/VR service data) via direct device connection in a certain location and time or when direct device connection cannot fulfil the required QoS, communication over 5G network can provide redundant connection.
It is required to study the following:
-	How the application enablement layer can be enhanced to support usage of direct communication between 5G connected AR/VR devices.
-	Whether and how the application enablement layer can be enhanced to make coordination (e.g., the connection redundancy) between network based communication and direct communication between AR/VR devices for AR/VR services communication.
[bookmark: _Toc13856]4.x	Key issue #x: <Title>
Editor's Note:	Provide a suitable title for the key issue. 
Editor's Note:	This subclause will describe the key issue.

[bookmark: _Toc32131][bookmark: _Toc4904][bookmark: _Toc146875943][bookmark: _Toc22394][bookmark: _Toc11232][bookmark: _Toc18809]5	Application enablement architecture requirements
[bookmark: _Toc31335][bookmark: _Toc10383][bookmark: _Toc146875944][bookmark: _Toc6215][bookmark: _Toc8353][bookmark: _Toc23600]5.1	General requirements
The general architecture requirements specified in clause 6.1 to 6.4 of 3GPP TS 23.433 [6s] are applicable for XRApp service. 
[bookmark: _Toc25360][bookmark: _Toc11831][bookmark: _Toc146875945][bookmark: _Toc16727][bookmark: _Toc27297][bookmark: _Toc13175]5.2	<application layer capability x> requirements
Editor's Note:	Provide a suitable title for the requirements.
[bookmark: _Hlk95122399]Editor's Note: This subclause will describe the architectural requirements for the studied application layer capabilities.
[bookmark: _Toc25613597][bookmark: _Toc27647554][bookmark: _Toc25613333][bookmark: _Toc25612630][bookmark: _Toc146875946][bookmark: _Toc16329][bookmark: _Toc3584][bookmark: _Toc15564][bookmark: _Toc23109][bookmark: _Toc24144]6	Application enablement architecture for XR services
[bookmark: _Toc19036375][bookmark: _Toc25613598][bookmark: _Toc27647555][bookmark: _Toc14352757][bookmark: _Toc19034185][bookmark: _Toc25612631][bookmark: _Toc25613334][bookmark: _Toc19026784][bookmark: _Toc19037373][bookmark: _Toc146875947][bookmark: _Toc29627][bookmark: _Toc1153][bookmark: _Toc29859][bookmark: _Toc14961][bookmark: _Toc28392][bookmark: _Toc4193][bookmark: _Toc27647556][bookmark: _Toc19036376][bookmark: _Toc146875948][bookmark: _Toc25613335][bookmark: _Toc14352758][bookmark: _Toc25613599][bookmark: _Toc19034186][bookmark: _Toc19026785][bookmark: _Toc25612632][bookmark: _Toc19037374]6.1	Application enablement architecture 
[bookmark: _Toc105714738][bookmark: _Toc155261649][bookmark: _Toc42003889][bookmark: _Toc133484025][bookmark: _Toc50584546][bookmark: _Toc57673389][bookmark: _Toc37790940][bookmark: _Toc50584202][bookmark: _Toc24615]6.1.1	General
This clause provides the overall architecture description.
[bookmark: _Toc24581]6.1.2	Application enablement architecture based on SEALDD
To facilitate the specific optimization for XR application provided by 5G network, the application enablement architecture for the XRApp service is based on the generic functional model specified in 3GPP TS 23.434 [4] and 3GPP TS 23.433 [6].
The XRApp can be deployed as functionality component of the SEALDD, then the architecture for SEALDD is applicable to XRApp. 
Editor’s Note: Whether a independent XRAPP architecture is needed is FFS, the gap between the XRApp and SEALDD needs to be identified.


Figure 6.1.2-1: Application enablement architecture based on SEALDD
[bookmark: _Toc22730][bookmark: _Toc146875949][bookmark: _Toc3839][bookmark: _Toc11856][bookmark: _Toc4325][bookmark: _Toc28555]6.2	Functional Elements
Editor's Note:	The functional elements corresponding to the architecture will be presented in this clause.
[bookmark: _Toc32314][bookmark: _Toc23169][bookmark: _Toc3026][bookmark: _Toc22580][bookmark: _Toc146875950][bookmark: _Toc13761]6.3	Reference Points
Editor's Note:	The reference points corresponding to the architecture will be presented in this clause.

[bookmark: _Toc29942][bookmark: _Toc15635][bookmark: _Toc146875951][bookmark: _Toc1693][bookmark: _Toc30209][bookmark: _Toc24121]7	Solutions
[bookmark: _Toc7897][bookmark: _Toc11405][bookmark: _Toc146875952][bookmark: _Toc30779][bookmark: _Toc11384][bookmark: _Toc10038][bookmark: _Toc464463365][bookmark: _Toc78314759][bookmark: _Toc478400630][bookmark: _Toc7485785][bookmark: _Toc475064959]7.1	Mapping of solutions to key issues
Table 7.1-1 Mapping of solutions to key issues
	
	KI #1
	KI #2
	KI #3
	KI #4

	Sol #1
	
	
	
	

	Sol #2
	
	
	
	


[bookmark: _Toc9499][bookmark: _Toc27004][bookmark: _Toc27944][bookmark: _Toc22628][bookmark: _Toc146875953]
[bookmark: _Toc10755]7.x	Solution #x: <title>
[bookmark: _Toc464463366]Editor's Note:	Provide a suitable title for the solution.
[bookmark: _Toc26650][bookmark: _Toc146875955][bookmark: _Toc30984][bookmark: _Toc20503][bookmark: _Toc13425][bookmark: _Toc22917][bookmark: _Toc146875954][bookmark: _Toc475064960][bookmark: _Toc7485786][bookmark: _Toc78314760][bookmark: _Toc478400631]7.x.1	Architecture Impacts
Editor's note:	This clause provides the architecture impacts of the solution.
[bookmark: _Toc14903][bookmark: _Toc1823][bookmark: _Toc8438][bookmark: _Toc29086][bookmark: _Toc28597]7.x.2	Solution description
Editor's Note:	This clause will describe the solution. Each solution should clearly describe which of the key issues it covers and how.
[bookmark: _Toc146875957][bookmark: _Toc78314761][bookmark: _Toc532993748][bookmark: _Toc5043][bookmark: _Toc13813][bookmark: _Toc19733][bookmark: _Toc30385][bookmark: _Toc6574]7.x.3	Solution evaluation
Editor's note:	This clause provides an evaluation of the solution. The evaluation should include the descriptions of the impacts to existing architectures.
[bookmark: _Toc16996][bookmark: _Toc4621][bookmark: _Toc15456][bookmark: _Toc32007][bookmark: _Toc146875961][bookmark: _Toc1554]8	Business Relationships
[bookmark: _Toc155261626][bookmark: _Toc133484005][bookmark: _Toc117364395][bookmark: _Toc12843]8.1	General
The business relationships outlined in TS 23.434 and TS 23.433[6] remain applicable, with the following modifications: 
-	the XR service provider acting as the VAL service provider; 
-	the XRAPP service provider acting as the SEAL/SEALDD service provider. 

[bookmark: _Toc18528][bookmark: _Toc83813088][bookmark: _Toc16094][bookmark: _Toc478400633][bookmark: _Toc15545][bookmark: _Toc146875962][bookmark: _Toc5250][bookmark: _Toc475064963][bookmark: _Toc464463369][bookmark: _Toc2432]9	Overall evaluation
Editor's Note:	This clause will provide evaluation of different solutions.

[bookmark: _Toc28528][bookmark: _Toc475064964][bookmark: _Toc19761][bookmark: _Toc146875963][bookmark: _Toc83813089][bookmark: _Toc478400634][bookmark: _Toc10223][bookmark: _Toc464463370][bookmark: _Toc14376][bookmark: _Toc8783]10	Conclusions
[bookmark: _Toc13852][bookmark: _Toc4950][bookmark: _Toc27821][bookmark: _Toc532994046][bookmark: _Toc146875964][bookmark: _Toc78314764][bookmark: _Toc5679][bookmark: _Toc9832]10.1	General conclusions
[bookmark: _Toc532994047]Editor's note:	This clause will provide general conclusions for the study.
[bookmark: _Toc20675][bookmark: _Toc146875965][bookmark: _Toc78314765][bookmark: _Toc17908][bookmark: _Toc10150][bookmark: _Toc20463][bookmark: _Toc28091]10.2	Conclusions of key issue #x
[bookmark: tsgNames]Editor's Note:	This clause will provide conclusions for the specific key issue.
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