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1. Introduction
[bookmark: Proposal_Pattern_Length]RAN2 should discussed the following initial topics related to Rel-18 XR [1] before going into specific enhancements:
· General organization of the XR study phase on XR awareness considering related work ongoing by SA2.
· Key XR specific terminology and assumptions to be confirmed and/or aligned by RAN2 considering previous and ongoing XR study discussions work in different WGs, e.g. SA4 [2], RAN1 [3] and SA2 [4]. 
· Potential areas of interest for RAN2 to study in relation to the following objective [1]:
Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.
· Potential inputs to SA2 questions in LS [5] also considering RAN1 related response in LS [6]. Additional questions are also listed based on above topics to also be included in the LS to SA2.  
1. Discussion
General organization of XR study phase on XR awareness
SA2 Rel-18 XR SID [7] already identified potential objectives with RAN impact as summarized below. From these SA2 work tasks (WTs), the ones that might be related to XR awareness in RAN are WT#1, WT#2, WT#3.
	SA2 Work Task ID
	Areas for SA2 to study enhancements 
	RAN Dependency

	WT#1
	Supporting multi-modality service
	Maybe

	WT#2
	Network exposure to support interaction between 5GS and application
	

	    WT#2.1
	Need of interaction between AF and 5GS for application synchronization and QoS policy coordination among multiple UEs or between multiple QoS flows per UE
	Maybe

	    WT#2.2
	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)
	Maybe

	WT#3
	Study whether and how the following QoS and policy enhancements for XR service and media service transmission are performed
	

	    WT#3.1
	Traffic characteristics of media service enabling improved network resources usage and QoE.
	No

	    WT#3.2
	QoS framework to support media units granularity  (e.g., video/audio frame/tile, Application Data Unit, control information), where media units consist of PDUs that have the same QoS requirements.
	Yes

	    WT#3.3
	Differentiated QoS handling considering different importance of media units. e.g., eligible drop packets belong to less important media units to reduce the resource wasting.
NOTE 3: Coordination with RAN WGs may be needed for the above bullets.
	Yes

	    WT#3.4
	Support uplink-downlink transmission coordination to meet RTT (Round-Trip Time) latency requirements between UE and N6 termination point at the UPF.
	Maybe

	    WT#3.5
	Policy enhancements to minimize the jitter, focusing on i.e. requirement provisioning from AF, extension of PCC rule
	Maybe

	WT#4
	
	

	    WT#4.2
	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.
	Yes



SA2 TR 23.700-60 [4] also captures corresponding details on the 9 key issues (KI) to be studied as summarized below. From these SA2 key issues (KIs), the ones that might be related to XR awareness in RAN are KI#3, KI#4 and WT#5.
	SA2 KI #
	Description of Key Issues (KI) 
identified by SA2
	RAN coordination / collaboration
	SA2 solutions # identified

	1
	Policy control enhancements to support multi-modality flows coordinated transmission for single UE
	NA
	

	2
	Support the Application Synchronization and QoS Policy Coordination for Multi-modal Traffic among Multiple UEs
	NA
	

	3
	5GS information exposure for XR/media Enhancements
	Yes
	5, 6, 41(*), 42-48

	4
	PDU Set integrated packet handling
	Yes
	[only KI#4]
8, 9, 12, 14, 21, 23, 25, 49, 51, 53

	5
	Differentiated PDU Set Handling
	Yes
	[only KI#5]
13, 24

	-
	NOTE: this aims to capture solutions that address both KI#4 and KI#5
	
	[KI#4 & KI#5]
7, 10, 11, 15-20, 22, 26, 50, 52(*), 54-57

	6
	Uplink-downlink transmission coordination to meet Round-Trip latency requirements
	NA
	

	7
	Policy enhancements for jitter minimization
	NA
	

	8
	Enhancements to power savings for XR services
	Yes
	

	9
	Trade-off of QoE and Power Saving Requirements
	Yes
	


(*) Marks a consolidated solution to incorporate PDU-set in 5GC
RAN2 study should consider SA2 identified Key Issues (KIs) that requires RAN coordination and/or collaboration and are related to XR awareness objective as captured in Rel-18 XR RAN SID [1]. These KIs are: (KI#3) 5GS information exposure for XR/media Enhancements, (KI#4) PDU Set integrated packet handling, (KI#5) Differentiated PDU Set Handling. Therefore, it would be helpful if RAN2 study also captures the relation with SA2 identified KIs, when applicable. 
[bookmark: _Toc109896875][bookmark: _Toc109994723][bookmark: _Toc110328527][bookmark: _Toc110456369][bookmark: _Toc110511497][bookmark: _Toc110512600][bookmark: _Toc110858792][bookmark: _Toc110860044]For the study of XR awareness in RAN, RAN2 coordination and/or collaboration with SA2 may be required when studying RAN enhancements related to at least the following SA2 identified key issues: (KI#3) 5GS information exposure for XR/media Enhancements, (KI#4) PDU Set integrated packet handling, (KI#5) Differentiated PDU Set Handling.
Proposal 1. [bookmark: _Toc109994725][bookmark: _Toc110328511][bookmark: _Toc110456357][bookmark: _Toc110503448][bookmark: _Toc110511499][bookmark: _Toc110512587][bookmark: _Toc110858793][bookmark: _Toc110860047]The study of XR-awareness in RAN should aim to provide the mapping to the corresponding SA2 Key Issue, when applicable.
Similarly, as it was done by SA2, it would be helpful if RAN2 first establishes a common ground of the key issues or key areas to focus the study considering the short study phase allocated for Rel-18 XR. 
Proposal 2. [bookmark: _Toc109896866][bookmark: _Toc109994726][bookmark: _Toc110328512][bookmark: _Toc110456358][bookmark: _Toc110503449][bookmark: _Toc110511500][bookmark: _Toc110512588][bookmark: _Toc110858794][bookmark: _Toc110860048]RAN2 should first identify the key areas (or key issues) for RAN to focus the study of XR awareness in RAN (i.e. before discussing potential RAN enhancements). Later any proposed/candidate solution should be mapped to these identified Key Areas for RAN study.
In addition, it might be good to consider RAN2 related details associated at least with the consolidated solution already included in SA2 TR 23.700-60 [4] in relation to these KI#4 and KI#5, i.e. Solution #52 “Consolidated Solution for PDU Set based QoS framework”. Corresponding details are discussed as part of next section 2.2.

Key XR specific terminology and assumptions
For the different kind of XR traffics, RAN1 [3] and SA4 [2] describes possible combinations of single and multiple streams feasible for DL and/or UL. For example, XR traffic may be video which may include I-frames and P frames encoded via different schemes (e.g. slice-based or Group-Of-Picture (GOP) based traffic model), audio, data, pose or other control information (e.g. XR view, movement information, etc). However, from RAN2 point of view, our work/study should remain agnostic to terminology purely associated to a given application. Therefore, RAN2 should avoid discussing XR specific terms (such as differences or meaning of XR stream or XR flow) and instead focus on NR and 5GC applicable terms, such as QoS flow, or DRB. 
Proposal 3. [bookmark: _Toc109994727][bookmark: _Toc109896868][bookmark: _Toc109994728][bookmark: _Toc110328515][bookmark: _Toc110456359][bookmark: _Toc110503450][bookmark: _Toc110511501][bookmark: _Toc110512589][bookmark: _Toc110858795][bookmark: _Toc110860049]RAN2 discussion should avoid or be agnostic to XR application specific terms (e.g. frames, flows, streams), i.e. RAN2 study should focus on enhancements for XR traffic using NR terms (e.g. QoS flows, DRB, LCH, etc).
There are new terms already defined by SA2 in TR 23.700-60 [4] that might be applicable to XR awareness discussion in RAN and may also even be visible to RAN. Therefore we suggest that RAN2 already takes them into account. Some of these new XR-related terms  are:
· 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, as used in TR 26.926). 
· Data Burst: A set of multiple data PDUs generated and sent by the application in a short period of time. NOTE: A Data Burst can be composed by one or multiple PDU Sets
Moreover considering SA2 consolidated solution #52, further PDU set related details are explained, e.g.:
· PDU Set QoS policies/rules/profiles and PDU Set QoS Flow
· PDU Set identification and marking over the user plane (including differentiation of PDUs belonging to a PDU Set)
· Information for intra-PDU Set handling and inter-PDU Set handling e.g. for dropping.
· PDU set related information visible to RAN, e.g. PDU set importance and PDU set dependency
· New QoS parameters for PDU Set based QoS handling in 5GS, e.g. PDU Set Delay Budget (PSDB), and PDU Set Error Rate (PSER)
The actual solution details (explained within the consolidated solution 52) vary depending on the concrete proposals; however, there seems to be a common understanding in SA2 that “PDU set” related information would be visible/known by RAN. In addition, from RAN2 point of view, it might be helpful to assume that similar information may be visible/known at UE in order to also discuss potential UL enhancements. After SA2 work on DL is more stable, RAN2 may also check with SA2/CT1 and SA4 on whether they have any input on how/whether any specification impact is foreseen/required by upper layers in order to expose this kind of information to UE side. An alternative is that it is left up to UE implementation how a UE is aware of this “PDU set” related kind of information.
Proposal 4. [bookmark: _Toc110328516][bookmark: _Toc110456360][bookmark: _Toc110503451][bookmark: _Toc110511502][bookmark: _Toc110512590][bookmark: _Toc109994729][bookmark: _Ref109822814][bookmark: _Toc109896869][bookmark: _Toc110858796][bookmark: _Toc110860050]RAN2 confirms that the study of XR awareness in RAN includes both UL and DL XR traffic directions. 
Proposal 5. [bookmark: _Toc110328518][bookmark: _Toc110456361][bookmark: _Toc110503452][bookmark: _Toc110511503][bookmark: _Toc110512591][bookmark: _Toc109994730][bookmark: _Toc110858797][bookmark: _Toc110860051]For the study of XR awareness in RAN, RAN2 assumes that “PDU set” related information is visible or known to RAN (at least for DL) and UE (for UL). 
Proposal 5.1. [bookmark: _Toc110328519][bookmark: _Toc110456362][bookmark: _Toc110503453][bookmark: _Toc110511504][bookmark: _Toc110512592][bookmark: _Toc110858798][bookmark: _Toc110860052]It is FFS how this information is known, and which actual information is considered although RAN2 may need to wait for SA2 progress/conclusion on related topic. 
Proposal 5.2. [bookmark: _Toc110328520][bookmark: _Toc110456363][bookmark: _Toc110503454][bookmark: _Toc110511505][bookmark: _Toc110512593][bookmark: _Toc110858799][bookmark: _Toc110860053]If proposal 4 is agreed, RAN2 also assumes that similar model of the “PDU set” discussed by SA2 for DL side is also applicable for UL and informs SA2 (CCing also CT1 and SA4) of this assumption.
For one given XR traffic where packets may have different requirements (e.g. different importance or different QoS), it would be helpful to understand how SA2 aims to handle them in order to understand the potential impact on RAN side. For example, for a given XR traffic with packets of different importance (such as I frames vs P frames), SA2 should clarify whether those packets of different requirements within a single data stream would be allocated to same or different QoS flows. The motivation of this question is that legacy NR/5GC architecture does not provides different QoS requirements/handling to packets belonging to the same QoS flow.
Moreover, if it is assumed that different QoS flows are assigned, it would be important to understand whether the expectation is that AS enables re-ordering across packets belonging to those different QoS flows vs leaving this handling up to Application layer. The motivation of this question is that current NR/5GC architecture does not enable re-ordering between packets belonging to different QoS flows that are mapped to different DRBs.
Proposal 6. [bookmark: _Toc109896870][bookmark: _Toc110328522][bookmark: _Toc109994731][bookmark: _Toc110456364][bookmark: _Toc110503455][bookmark: _Toc110511506][bookmark: _Toc110512594][bookmark: _Toc110858800][bookmark: _Toc110860054]RAN2 asks SA2 whether for one given XR traffic stream where the packets have different characteristics or QoS requirements (such as, importance when having I and P frames), are those packets mapped to the same and/or different QoS flow(s)?
Proposal 6.1. [bookmark: _Toc109896871][bookmark: _Toc109994732][bookmark: _Toc110328523][bookmark: _Toc110456365][bookmark: _Toc110503456][bookmark: _Toc110511507][bookmark: _Toc110512595][bookmark: _Toc110858801][bookmark: _Toc110860055]If packets with different characteristics can be sent to different QoS flows, RAN2 also asks SA2 whether AS layer should enable re-ordering of these packets (i.e. across different QoS flows) vs for example leaving the re-ordering to be handled by upper layers (e.g. XR Application).
Proposal 6.2. [bookmark: _Toc109896872][bookmark: _Toc109994733][bookmark: _Toc110328524][bookmark: _Toc110456366][bookmark: _Toc110503457][bookmark: _Toc110511508][bookmark: _Toc110512596][bookmark: _Toc110858802][bookmark: _Toc110860056]If packets with different characteristics can be sent to the same QoS flow, RAN2 also asks SA2 how RAN would be able to differentiate these packets.

[bookmark: _Toc465993148][bookmark: _Toc465993084]Key areas for RAN2 related to XR awareness
The following table explains potential key areas (KA) for RAN2 to study potential solutions that enhance XR awareness in RAN. As it is explained in the first section of this document, each area of interest is mapped to the related key issue under discussion in SA2. 
	RAN2 KA #
	Description of Area of Interest
	Further clarification details and/or examples of scenario
	SA2 KI#

	A
	Exposure and usage of XR related information in UE and RAN (which also includes UE related input to RAN)
[Note-1]
	· XR related info. may be provided per packet, PDU set, or in general for a given application. For example, importance, delay, periodicity, jitter, etc.
· XR related info. to be used by RAN to better set UE’s configuration and perform scheduling.
· RAN and UE may also provide different handling to packets or group of packets (i.e. PDU set) when transmitting or receiving them based on some XR related info. (e.g. critical XR packets may be prioritized or non-critical XR data can be dropped when applicable).
	3 
(4, 5)

	A.1
	Efficient RAN operation at PDU set level
	· Different PDU set may have different requirements or characteristics that could help enhancing how RAN treats them. For example, in terms of priority, dropping rules, successful decoding of a complete PDU set, etc.
	5

	B
	Increase reliability for high priority (or critical) packets, when applicable
[Note-1]
	· Some XR applications cannot decode certain packets if their related/critical ones are lost or corrupted. For example, depending on the encoding scheme, a video frame may require correct decoding of the I-frame for a successful decoding of the sub-sequent P-frames, i.e. successful transmission of I-frames is more critical than P-frames.
	4, 5

	C
	Efficient dropping of not useful packets to the receiver application
[Note-1]

	· Considering scenario explained in previous AI#3, the transmission over the air of redundant or dependent PDUs that are not useful could be minimized. For example, if I-frames are lost or corrupted, the transmission of subsequent P-frames over the air interface might be unnecessary.
· SA2 is also discussing dependency between packets within a “PDU set” (i.e. intra PDU set scenario) or related “PDU sets” (i.e. inter PDU set scenario). Therefore, if a certain PDU or PDU set cannot meet its requirement, associated PDUs or PDU set(s) may be allowed to be dropped.
	4, 5

	D
	Efficient handling of different XR flows/streams associated with a given XR application
	· Some XR applications may have diverse kind of traffic flows/streams that might require different QoS and potentially even synchronized reception on the receiver application side for successful user experience. For example, gaming use cases may require simultaneously successful exchange of video, audio, and pose
	2


Note-1: For these key areas, the candidate enhancements may enable an efficient RAN operation at the “PDU set” level i.e., different PDU sets may have different requirements or characteristics that could help enhancing how RAN treats them. For example, in terms of priority, dropping rules, successful decoding of a complete PDU set, etc.
Our suggestion is for RAN2 to discuss and agree on the RAN2 key areas (or issues) to focus the study of the RAN enhancements related to XR awareness considering the details provided in the above table.
Proposal 7. [bookmark: _Toc22282239][bookmark: _Toc22282246][bookmark: _Toc22282358][bookmark: _Toc46740193][bookmark: _Toc46740247][bookmark: _Toc46740405][bookmark: _Toc46740418][bookmark: _Toc109242485][bookmark: _Toc109242518][bookmark: _Toc109242569][bookmark: _Toc109896873][bookmark: _Toc109994734][bookmark: _Toc110328525][bookmark: _Toc110456367][bookmark: _Toc110503458][bookmark: _Toc110511509][bookmark: _Toc110512597][bookmark: _Toc110858803][bookmark: _Toc110860057]To agree on the RAN2 key areas (or issues) to study RAN enhancements related to XR awareness, considering at least: (A) exposure and usage of XR related information in UE and RAN (which also includes UE related input to RAN), (B) increase reliability for high priority (or critical) packets when applicable, (C) efficient dropping/discard of unnecessary packets to the receiver application, and (D) efficient handling of different XR flows/streams associated with a given XR application. Any key area may provide candidate solutions that also provides efficient RAN operation at PDU set level.

Inputs and questions to SA2 related to XR awareness
SA2 questions in LS [5] to RAN1 and RAN2 about which type of information should be provided to the RAN for power saving enhancements for XR applications. In this regard, RAN1 already responded in LS [6] with the following “possible candidates for each XR application flow”:
· PDU set periodicity and start time of the first PDU of a PDU set: this can be helpful for e.g., configuring the periodicity and start time of CDRX or PDCCH monitoring to match with traffic period.
· PDU set end indication or indication of the last PDU in a PDU set: this can be helpful for gNB, e.g., to indicate the UE to dynamically skip PDCCH monitoring once the last PDU of the PDU set is delivered.
· PDU set level QoS parameters including priority and [air interface] delay budget of a PDU set: this can help the gNB to select suitable CDRX parameters (e.g., periodicities) that enable fulfilling the delay requirements for a given flow. It also helps with UE power saving, e.g., by reducing retransmission or by early dropping of a PDU that exceeds the delay deadline. Additionally, it can also be helpful for efficient radio resource management by gNB for capacity improvement.
· PDU set size (number of bits) or number of PDUs in a PDU set: RAN1’s understanding is that in comparison to the statistical information, real-time or dynamic information provided to gNB, if possible, can help scheduler make more efficient scheduling decision to enable UE power saving. 
· PDU set identity and relationship information among PDUs within the same PDU set: gNB can use this information for early PDU dropping as mentioned above.
· Jitter information such as the range of the jitter (minimum and maximum value): Here jitter refers to packet arrival time variation at gNB for DL direction. gNB could use this information to configure parameters of UE power saving schemes, e.g., CDRX OnDuration and Active Time or PDCCH monitoring duration for handling of the jitter.
In this regard, RAN2 could confirm whether RAN1 identified candidates are also seen helpful from RAN2 point of view and whether new ones should also be added. From our discussion in previous sections and accompanying contribution in [8], we understand that RAN1’s identified parameters are helpful as well as others such as XR traffic periodicity (in packet and/or burst level), XR traffic burst duration, XR application specific characteristics. In addition, it seems helpful if UE could provide its inputs based on Application input where this may be related to the UL or DL XR associated traffic.
Proposal 8. [bookmark: _Toc110503459][bookmark: _Toc110511510][bookmark: _Toc110512598][bookmark: _Toc109896874][bookmark: _Toc109994735][bookmark: _Toc110328526][bookmark: _Toc110456368][bookmark: _Toc110858804][bookmark: _Toc110860058]RAN2 responds to SA2 LS R2-2206966 / S2-2203418 that RAN2 also sees helpful to have similar candidate information as indicated by RAN1 in LS R2-2206923 / R1-2205531 from the CN to RAN and adds other ones, such as XR traffic periodicity (in packet and/or burst level), and XR traffic burst duration. 
Proposal 8.1. [bookmark: _Toc110503460][bookmark: _Toc110511511][bookmark: _Toc110512599][bookmark: _Toc110858805][bookmark: _Toc110860059]The response LS to SA2 can also explain that RAN2 may also enable mechanisms for UE to provide inputs on some of these XR related parameters (which may be associated with the UL and/or DL XR traffic) to the RAN (e.g. based on inputs provided by Applications or upper layers, or even based on UE’s estimation, if/when applicable). With the conclusion dependent on the outcome of the Rel-18 XR SI which is currently starting.


1. Conclusion
The observations captured are the following:
Observation 1.	For the study of XR awareness in RAN, RAN2 coordination and/or collaboration with SA2 may be required when studying RAN enhancements related to at least the following SA2 identified key issues: (KI#3) 5GS information exposure for XR/media Enhancements, (KI#4) PDU Set integrated packet handling, (KI#5) Differentiated PDU Set Handling.
The proposals captured are the following:
Proposal 1.	The study of XR-awareness in RAN should aim to provide the mapping to the corresponding SA2 Key Issue, when applicable.
Proposal 2.	RAN2 should first identify the key areas (or key issues) for RAN to focus the study of XR awareness in RAN (i.e. before discussing potential RAN enhancements). Later any proposed/candidate solution should be mapped to these identified Key Areas for RAN study.
Proposal 3.	RAN2 discussion should avoid or be agnostic to XR application specific terms (e.g. frames, flows, streams), i.e. RAN2 study should focus on enhancements for XR traffic using NR terms (e.g. QoS flows, DRB, LCH, etc).
Proposal 4.	RAN2 confirms that the study of XR awareness in RAN includes both UL and DL XR traffic directions.
Proposal 5.	For the study of XR awareness in RAN, RAN2 assumes that “PDU set” related information is visible or known to RAN (at least for DL) and UE (for UL).
Proposal 5.1.	It is FFS how this information is known, and which actual information is considered although RAN2 may need to wait for SA2 progress/conclusion on related topic.
Proposal 5.2.	If proposal 4 is agreed, RAN2 also assumes that similar model of the “PDU set” discussed by SA2 for DL side is also applicable for UL and informs SA2 (CCing also CT1 and SA4) of this assumption.
Proposal 6.	RAN2 asks SA2 whether for one given XR traffic stream where the packets have different characteristics or QoS requirements (such as, importance when having I and P frames), are those packets mapped to the same and/or different QoS flow(s)?
Proposal 6.1.	If packets with different characteristics can be sent to different QoS flows, RAN2 also asks SA2 whether AS layer should enable re-ordering of these packets (i.e. across different QoS flows) vs for example leaving the re-ordering to be handled by upper layers (e.g. XR Application).
Proposal 6.2.	If packets with different characteristics can be sent to the same QoS flow, RAN2 also asks SA2 how RAN would be able to differentiate these packets.
Proposal 7.	To agree on the RAN2 key areas (or issues) to study RAN enhancements related to XR awareness, considering at least: (A) exposure and usage of XR related information in UE and RAN (which also includes UE related input to RAN), (B) increase reliability for high priority (or critical) packets when applicable, (C) efficient dropping/discard of unnecessary packets to the receiver application, and (D) efficient handling of different XR flows/streams associated with a given XR application. Any key area may provide candidate solutions that also provides efficient RAN operation at PDU set level.
Proposal 8.	RAN2 responds to SA2 LS R2-2206966 / S2-2203418 that RAN2 also sees helpful to have similar candidate information as indicated by RAN1 in LS R2-2206923 / R1-2205531 from the CN to RAN and adds other ones, such as XR traffic periodicity (in packet and/or burst level), and XR traffic burst duration.
Proposal 8.1.	The response LS to SA2 can also explain that RAN2 may also enable mechanisms for UE to provide inputs on some of these XR related parameters (which may be associated with the UL and/or DL XR traffic) to the RAN (e.g. based on inputs provided by Applications or upper layers, or even based on UE’s estimation, if/when applicable). With the conclusion dependent on the outcome of the Rel-18 XR SI which is currently starting.
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