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1. Introduction
This document discusses two topics: in section 2.1, the remaining details on XR information that may be helpful to bring awareness in RAN and UE considering the progress done in both RAN2 and SA2, and in section 2.2, potential responses to SA2 questions on L4S marking to indicate congestion information.
1. [bookmark: Proposal_Pattern_Length]Discussion
[bookmark: _Ref117980725]XR information awareness in RAN and UE
Table 1 summarizes the agreed XR related information as captured in RAN2 TR 38.835 [1], in SA2 conclusion of Key Issues #4 & #5 (PDU Set based QoS framework) and Kei Issues #8 (Power Saving) in TR 23.700-60 [2], as well as, in SA2 LS [3].  
[bookmark: _Ref117854998]Table 1. XR related information identified by SA2 [2] and RAN2 [1]
	RAN2 identified
XR info. for DL & UL
	SA2 identified
XR info. for DL
	Categorization from RAN2 / SA2 on how to convey XR info. to RAN

	PDU-Set Delay Budget (PSDB)
	PDU set delay budget (PSDB)
	Semi-static / Control plane

	PDU-Set Error Rate (PSER)
	PDU set error rate (PSER)
	Semi-static / Control plane

	Traffic parameters (e.g. periodicity)
	Burst periodicity
Periodicity for UL/DL QoS flows
	Semi-static / Control plane

	Jitter information (e.g. range)
	Jitter (associated with each periodicity)
	Semi-static / Control plane

	[bookmark: _Hlk117859319]PDUs belonging to a PDU set
	[bookmark: _Hlk117859357]PDU set identifier
Start/end of PDU set (optional)
PDU SN in a PDU set
PDU set size (optional)
	Dynamic / User Plane

	PDUs belonging to a Data Burst
	End of Data Burst
	Dynamic / User Plane

	?? Type of PDU set
	PDU set importance
	?? / User Plane

	?? Discard rules
	PDU set integrated indication
	?? / Control plane



Above Table 1 aims to show how both WGs, SA2 and RAN2, are quite aligned on the XR related information that might be helpful to RAN. Next sections focus on potential points that might require confirmation or further update/clarification on RAN2 and/or SA2 TRs. These open points are marked in highlighted yellow and red above). 
[bookmark: _Toc117980593][bookmark: _Toc118406343][bookmark: _Toc118406385]TR 38.835 and TR 23.600-70 captures similar XR related information to be known/provided to RAN but the terminology or information details have some differences.


Alignment of XR terminology used between RAN2 and SA2
RAN2 and SA2 have already aligned the definitions for “PDU set”, “Data Burst” and “Multi-modal Data”. Our understanding from RAN2#119bis-e meeting was that companies were supportive to also align the terms used for the XR related information that will be visible in RAN. From above Table 1, it can be observed that most of the terminology used in similar although TR 38.835 could further clarify (1) “Traffic parameters (e.g. periodicity)”,  (2) “PDUs belonging to a PDU set” and (3) “PDUs belonging to a Data Burst” with the related terms. (1) and (2) seem straight forward. For (3), our understanding is that SA2 has concluded to provide “End of Data Burst” to RAN; this might be more restricted than the term captured by RAN2 TR with (3) but we understand that might be sufficient for now. Therefore, we suggest updating TR 38.835 to align its terminology with TR 23.700-60.
Proposal 1. [bookmark: _Ref117977022][bookmark: _Toc117980597][bookmark: _Toc118406348][bookmark: _Toc118406390]To confirm that XR related information included in TR 38.835 is updated to use the same terminology and information as included on conclusion section of TR 23.700-60.
Proposal 1.1. [bookmark: _Toc117980598][bookmark: _Toc118406349][bookmark: _Toc118406391]Table 1 can be used as reference (with the understanding that further updates may come as SA2 address the related editor’s notes) in which the key details to update in TR 38.835 are: 
Proposal 1.1.1. [bookmark: _Toc117980599][bookmark: _Toc118406350][bookmark: _Toc118406392]“Traffic parameters (e.g. periodicity)” could be updated to align with “Burst periodicity” and “Periodicity for UL and DL traffic of the QoS flow”.
Proposal 1.1.2. [bookmark: _Toc117980600][bookmark: _Toc118406351][bookmark: _Toc118406393]“PDUs belonging to a PDU set” could be updated to align with “PDU set identifier, Start/end of PDU set, PDU SN in a PDU set and PDU set size (optional)”
Proposal 1.1.3. [bookmark: _Toc117980601][bookmark: _Toc118406352][bookmark: _Toc118406394]“PDUs belonging to a Data Burst” could be updated to aligned with “End of Data”
RAN2 is analyzing the different modeling alternatives when mapping different types of PDU sets, to QoS flow(s) and correspondingly to DRB(s). SA2 is also discussing this topic but within the scope of “PDU set importance” instead of referring to “types of PDU set”, i.e., how to deliver PDU set importance with the QoS model to RAN. Therefore, we suggest for RAN2 to confirm whether there is a preference to keep this generic term vs aligning it to SA2. Depending on SA2 modeling decision “type of PDU set” might be an information that might be known dynamically (i.e., if the information about the type of PDU set is included in the header or as part a sub-QoS flow indication), or semi-statically (i.e., if different types of PDU set are mapped into different QoS flows).
Proposal 2. [bookmark: _Toc117980602][bookmark: _Toc118406353][bookmark: _Toc118406395]To discuss whether TR 38.835 should align or clarify that “type of PDU set” currently refers to “PDU set importance” (as captured by TR 23.700-60) and add it as another XR related information that will be known by UE and RAN. FFS whether “type of PDU set” or “PDU set importance” is known dynamically or semi-statically to RAN (dependent on SA2 final decision).
SA2 also concluded on a “PDU Set Integrated Indication” to indicate whether all PDUs are needed for the usage of PDU Set by application layer. Our understanding is that this indication could help RAN and UE to distinguish when PDUs a PDU set might be discarded under specific situation, e.g., congestion or when certain PDUs of that PDU set are lost or not useful. SA2 has defined this information to be provided via control plane, therefore it seems that it will be semi-static kind of information. 
Proposal 3. [bookmark: _Toc117980603][bookmark: _Toc118406354][bookmark: _Toc118406396]To add “PDU set integrity indication” as another semi-static XR related information in TR 38.835 and clarify that this indication is useful to decide whether drop/discard some PDUs (e.g., under congestion).






XR information for UL XR traffic
SA2 has only focus on DL and even captured in TR 23.700-60 [2] “NOTE: Further PDU Set handling for Uplink will be studied and led by RAN WG. SA2 can align with RAN’s progress and decision for Uplink, if any.”.  RAN2 has agreed that it considers the XR related information being applicable/helpful to both DL and UL. Therefore, RAN2 should inform SA2/SA4 that the knowledge for similar XR related information to UL traffic (in RAN and UE) is assumed possible. Some of the information (e.g. PSDB, PSER or traffic periodicity) might come from CN even though they are related to UL. While other information (e.g. PDU set ID, start/end of PDU set, PDU set size) might come from upper layers in UE. 
Proposal 4. [bookmark: _Toc114785569][bookmark: _Toc114954070][bookmark: _Toc114958251][bookmark: _Toc115081455][bookmark: _Toc115172274][bookmark: _Toc115358271][bookmark: _Toc115381146][bookmark: _Toc115381233][bookmark: _Toc115387649][bookmark: _Toc117807595][bookmark: _Toc117856091][bookmark: _Toc117980604][bookmark: _Toc114219644][bookmark: _Toc114219673][bookmark: _Toc114785571][bookmark: _Toc114954072][bookmark: _Toc114958253][bookmark: _Toc115081457][bookmark: _Toc115172276][bookmark: _Toc115358273][bookmark: _Toc115381148][bookmark: _Toc115381235][bookmark: _Toc115387651][bookmark: _Toc117807596][bookmark: _Toc117856092][bookmark: _Toc118406355][bookmark: _Toc118406397]RAN2 confirms and informs SA2/SA4 that the XR related information (for PDU set and data burst) is equally applicable to DL and to UL XR traffic (unless it is stated otherwise). 
In our understanding, semi-static kind of XR information for UL XR traffic could be provided to RAN by UE and/or gNB depending on the kind of application, vs dynamic kind of XR information of UL XR traffic that would need to be provided by UE AS layer. Even though this seems logical, it would be good to get SA2/SA4 confirmation as they might need to discuss how the UE AS is aware of the required XR information. This would be out of RAN2 scope, i.e., whether any specification impact is required by upper layers in order to expose this kind of information to UE side. One alternative is to leave up to UE implementation how a UE is aware of this “PDU set” related kind of information.
Proposal 5. [bookmark: _Toc117980605][bookmark: _Toc118406356][bookmark: _Toc118406398]RAN2 informs SA2/SA4 on the assumption that for UL XR traffic, semi-static kind of XR information could be provided to RAN via CN, and dynamic kind of XR information is known by UE AS layer. FFS whether UE needs to provide dynamic kind of XR information to RAN for UL XR traffic. How the UE AS layer is aware of the required XR information is out of RAN2 scope.


[bookmark: _Ref117980733]L4S congestion indication from RAN
For KI#3 on “Network Exposure”, SA2 sent and LS [3] with two questions, as shown below, in relation to the L4S (i.e., Low Latency, Low Loss and Scalable Throughput) marking to be done in the NG-RAN node.
SA2 would like to ask RAN2 and RAN3 feedback on the following questions:
· “Q1: whether it is feasible for RAN to estimate congestion information per QoS flow, per DRB in downlink and uplink directions.
· Q2: whether it is feasible for RAN to estimate congestion information per QoS flow in UL, per DRB in UL without UE impacts.”
[bookmark: _Ref117979032]Estimation of congestion information
Before discussing the questions, it is good to clarify what kind of “congestion information” could be estimated by RAN. Congestion is usually referred in relation to a cell property, i.e. whether a cell is congested or not. If a scheduler works as expected (i.e., is a good scheduler), an increase of the queue length/delay is directly correlated with cell congestion. Therefore, it could be claimed that an increase of the Queue length is mainly caused only by congestion. If so, other details would require further discussion, e.g., whether any threshold needs to be defined/configured to trigger this, or whether/which congestion/delay related information is provided.
[bookmark: _Toc117980594][bookmark: _Toc118406344][bookmark: _Toc118406386]When working with a good scheduler, an increase of the Queue length should mainly be caused by congestion.
Proposal 6. [bookmark: _Toc117980606][bookmark: _Toc118406357][bookmark: _Toc118406399]RAN2 assumes that estimation of the congestion information can be done from an increase of the Queue length in UE (for UL) and RAN (for DL). FFS on details (e.g. how this increase is detected; or how/if UE reports the congestion or other means to RAN).
[Q1] Congestion info. per QoS flow and/or per DRB (in DL and UL)
At RAN level, queues are maintained per DRB.  Hence gNB has knowledge of the queue length per DRB.  
[bookmark: _Toc118406345][bookmark: _Toc118406387]RAN knows the congestion information in the DL per DRB.
In terms of what should be reported to the CN, at a first glance, it seems that it is feasible for RAN to provide congestion information per QoS flow and per DRB level. However, it is important to analyze few points:
Point 1) For 5GC/NR, NAS is not aware of the DRBs, or the mapping done between DRBs and QoS flows. Therefore, if RAN provides some congestion information at the DRB level to CN, this would not be helpful unless the CN were also aware of the corresponding mapping between DRBs and QoS flows. 
Point 2) RAN can often change the mapping between DRBs and QoS flows and this may happen more frequently in the case of RAN reflective QoS and this would be transparent to the CN.
Point 3) If a DRB carriers multiple QoS flows, the Queue length might not be a measure of  the exact congestion of one of those QoS flows (as explained in Proposal 1). For example, for the case when a DRB carries a QoS flow associated a L4S service merged with other QoS flows (which may not be related to to L4S services).
[bookmark: _Toc117980595][bookmark: _Toc118406346][bookmark: _Toc118406388]Some of the concerns if RAN provides the congestion information per DRB to CN are: (1) NAS is not aware of the mapping between DRB(s) and QoS flow(s), (2) the mapping between DRB(s) and QoS flow(s) ca vary frequently (e.g. in case of reflective QoS), (3) CN would not know how congestion is impacting to an specific QoS flow when multiple ones are multiplexed in the same DRB.
Even for the point (3) above, RAN would have the most visibility to all the information to make a best estimated judgement on the estimated congestion level of a given QoS flow that is multiplexed with other ones in a given DRB.  Therefore, it seems preferable that RAN provides the congestion level per QoS flow to the CN. 
Proposal 7. [bookmark: _Toc117980607][bookmark: _Toc118406358][bookmark: _Toc118406400]RAN2 responds to SA2 Q1 that RAN can only provide to CN congestion information per QoS flow in DL and UL) with current NR/5GC architecture (in which CN is not aware of the mapping done between DRB(s) and QoS flow(s)).

[Q2] UE impact to estimate congestion in UL
As it was explained in previous section 2.2.1, it should be able to estimate the congestion based on the Queue length (assuming the operation of a good scheduler). The queue length per logical channel group is reported to the network in the BSR.  Based on this information, the network could rely on legacy BSR reporting for the RAN to also be able to estimate the corresponding congestion information per logical channel group.  While this does not provide the actual queue length for a QoS flow or per DRB itself, nor the instantaneous queue length at all times, we this the UL BSR can be extrapolated to QoS flow level to provide sufficiently good estimate of the queue length for L4S.  If essential, the network can configure a DRB for a particular QoS flow or configure a logical channel group for a particular DRB to obtain more specific information per QoS flow.  All of this can be done with no new UE impact.
Proposal 8. [bookmark: _Toc118406359][bookmark: _Toc118406401]RAN2 responds to SA2 Q2 that RAN can estimate congestion information per QoS flow in UL without UE impacts, i.e., BSR/queue information seems sufficient to estimate the congestion information. 
Even though it is not essential, RAN2 could also discuss whether any enhancements are desirable to make more accurate reporting; e.g. whether some thresholds may be defined/configured to determine when UE triggers the congestion indication, or whether BSR should provide finer granularity or whether the mechanism to calculate the packet delay, as defined in TS 38.314. However, these enhancements do not seem essential to estimate congestion in UL.
[bookmark: _Toc117980596][bookmark: _Toc118406347][bookmark: _Toc118406389]Even though it is not essential (as network could estimate congestion information based on Queue length in BSR), enhancements could be considered in UE side if felt necessary to perform better congestion estimation per QoS flow.

1. Conclusion
The observations captured are the following:
Observation 1.	TR 38.835 and TR 23.600-70 captures similar XR related information to be known/provided to RAN but the terminology or information details have some differences.
Observation 2.	When working with a good scheduler, an increase of the Queue length should mainly be caused by congestion.
Observation 3.	RAN knows the congestion information in the DL per DRB.
Observation 4.	Some of the concerns if RAN provides the congestion information per DRB to CN are: (1) NAS is not aware of the mapping between DRB(s) and QoS flow(s), (2) the mapping between DRB(s) and QoS flow(s) ca vary frequently (e.g. in case of reflective QoS), (3) CN would not know how congestion is impacting to an specific QoS flow when multiple ones are multiplexed in the same DRB.
Observation 5.	Even though it is not essential (as network could estimate congestion information based on Queue length in BSR), enhancements could be considered in UE side if felt necessary to perform better congestion estimation per QoS flow.

The proposals captured are the following:
XR information awareness in RAN and UE
Proposal 1.	To confirm that XR related information included in TR 38.835 is updated to use the same terminology and information as included on conclusion section of TR 23.700-60.
Proposal 1.1.	Table 1 can be used as reference (with the understanding that further updates may come as SA2 address the related editor’s notes) in which the key details to update in TR 38.835 are:
Proposal 1.1.1.	“Traffic parameters (e.g. periodicity)” could be updated to align with “Burst periodicity” and “Periodicity for UL and DL traffic of the QoS flow”.
Proposal 1.1.2.	“PDUs belonging to a PDU set” could be updated to align with “PDU set identifier, Start/end of PDU set, PDU SN in a PDU set and PDU set size (optional)”
Proposal 1.1.3.	“PDUs belonging to a Data Burst” could be updated to aligned with “End of Data”
Proposal 2.	To discuss whether TR 38.835 should align or clarify that “type of PDU set” currently refers to “PDU set importance” (as captured by TR 23.700-60) and add it as another XR related information that will be known by UE and RAN. FFS whether “type of PDU set” or “PDU set importance” is known dynamically or semi-statically to RAN (dependent on SA2 final decision).
Proposal 3.	To add “PDU set integrity indication” as another semi-static XR related information in TR 38.835 and clarify that this indication is useful to decide whether drop/discard some PDUs (e.g., under congestion).
Proposal 4.	RAN2 confirms and informs SA2/SA4 that the XR related information (for PDU set and data burst) is equally applicable to DL and to UL XR traffic (unless it is stated otherwise).
Proposal 5.	RAN2 informs SA2/SA4 on the assumption that for UL XR traffic, semi-static kind of XR information could be provided to RAN via CN, and dynamic kind of XR information is known by UE AS layer. FFS whether UE needs to provide dynamic kind of XR information to RAN for UL XR traffic. How the UE AS layer is aware of the required XR information is out of RAN2 scope.

L4S congestion indication from RAN
Proposal 6.	RAN2 assumes that estimation of the congestion information can be done from an increase of the Queue length in UE (for UL) and RAN (for DL). FFS on details (e.g. how this increase is detected; or how/if UE reports the congestion or other means to RAN).
Proposal 7.	RAN2 responds to SA2 Q1 that RAN can only provide to CN congestion information per QoS flow in DL and UL) with current NR/5GC architecture (in which CN is not aware of the mapping done between DRB(s) and QoS flow(s)).
Proposal 8.	RAN2 responds to SA2 Q2 that RAN can estimate congestion information per QoS flow in UL without UE impacts, i.e., BSR/queue information seems sufficient to estimate the congestion information.
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