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1. Introduction
[bookmark: Proposal_Pattern_Length]This document discuss responses to SA2 R19 XR related LSs [1][2] considering the corresponding TR 23.700-70 [3].
1. Discussion
AL-FEC Awareness in RAN
SA2 is discussing solutions (such as #1, #2, #3, #4 and #21 in TR 23.700-70 [3]) that expose application layer forward error correction (AL-FEC) to enhance NG-RAN e.g., by discarding obsolete AL-FEC PDUs. SA2 LS [1] captured the following three questions for RAN2 to provide their input.
UM DRB & ACK
1st question to RAN2 in SA2 LS [1]: “can NG-RAN determine whether a PDU was successfully delivered over an unacknowledged mode data bearer? If so, does NG-RAN get this information sufficiently early to decide whether or not to drop subsequent AL-FEC packets?”
If UE AS layer and/or NG-RAN can determine when certain # or % of PDUs belonging to one PDU Set are successfully delivered, corresponding enhancement could be enabled e.g., to save unnecessary transmission of the remaining packets of the PDU Set or to increase robustness while sending the initial/required packets. For this, the open question is whether it could be done for UDP packets which are delivered over an unacknowledged mode data bearer (UM DRB). Legacy UM DRB operation does not support this behaviour (i.e. informing NG-RAN that the PDU was successfully delivered); however, its complexity of adding such behaviour might be minor considering the potential benefit which would lead to avoiding transmission of unnecessary traffic over the air. RAN2 could discuss whether simple solutions could be enabled in Tx (e.g., using HARQ) or even Rx side (e.g., using new RLC notification(s).
Proposal 1. [bookmark: _Toc165638482][bookmark: _Toc166140061][bookmark: _Toc166156652][bookmark: _Toc166158220]It might be possible for NG-RAN and UE AS layer to determine a successful delivery of PDUs over UM DRB (e.g., considering HARQ). Moreover, simple enhancements could be enabled considering AL-FEC behaviour (i.e., successfully received K packets out of the N packets belonging to a PDU Set) e.g., new triggers or notifications.

[bookmark: _Ref165637648]Adaptation of redundancy ratio
2nd question to RAN2 in SA2 LS [1]: “Provide feedback on the impact on NG-RAN to support dynamic redundancy ratios, i.e., a different ratio of PDUs that need to be successfully transferred to the UE for different PDU Sets within the same QoS flow?”
This question is also related to a previous SA4 inputs in LS [4], as captured below:
“Although some FEC codes allow for static redundancy ratio, the K/N ratio is not always static during a media delivery session. For example, Video usually relies on Flex-FEC configurations. In such a case, the application is expected to update the 5GS with any configuration change.”
This change or non-static behaviour of the K/N ratio could be understood as a semi-static behaviour (in which case it could be conveyed as control plane kind of information) or as a dynamic behaviour (in which case it would require to convey it via user plane), depending on the frequency of the K/N ratio changes. From RAN2 point of view, supporting the change via CP may be simpler than via UP.
Proposal 2. [bookmark: _Toc165638483][bookmark: _Ref165963392][bookmark: _Toc166140062][bookmark: _Toc166156653][bookmark: _Toc166158221]To ask SA4 and SA2 whether the change of redundancy ratio for a given QoS flow is foreseen as a dynamic behaviour (which can change frequently from one PDU Set to another), or as a semi-static behaviour (which can change occasionally and over longer time periods). From RAN2 PoV, it would be simpler to enable semi-static changes of redundancy ratio (e.g., via control plane) than dynamic changes that would require impact to user plane.

Specific redundancy ratio per PSI
3rd question to RAN2 in SA2 LS [1]: “Questions for RAN2 and SA4:One solution (solution #3 in TR 23.700-70) proposed that an application may signal the required content ratio for a PDU Set (i.e., the required ratio of PDUs of a PDU Set needed by the receiver to reconstruct the original content) by first providing a mapping between content ratio levels and PDU Set Importance (PSI) values in the control plane to 5GS and by then using the PSI in the GTP-U header and the mapping received to determine the content ratio per PDU Set at NG-RAN. Does SA4 consider this a feasible option?” 
 In our understanding, although the question only refers to SA4, it was not the intention, and it also targets RAN2 as indicated in the beginning of the reference shown above. This topic is inter-related to the one discussed in previous §2.1.2. but takes it one step further on the impact/feasibility if the redundancy ratio of PDU Set were to also be different per different PSI. RAN currently only enables different behavior for different levels of PSIs when enabling PSI level discard and even so, it was only differentiated low importance PDU Set. Moreover, when RAN2 discussed to provide differentiated handling over the air for PDU Set with different PSI levels, RAN2 did not agree on this. Therefore, it does not seem possible for RAN2 to accommodate/handle PDU Set of different PSI levels with different redundancy ratio. On other hand, it may be possible to consider a simple behaviour/enhancement more aligned on how RAN2 defined Rel-18 operation for XR, i.e. the redundancy ratio is associated with high and low importance PDU Set (instead to every PSI level) and any change of the redundancy ratio is possible in a semi-static manner as explained in previous section.
[bookmark: _Toc165638491][bookmark: _Toc166140057][bookmark: _Toc166156569][bookmark: _Toc166156660][bookmark: _Toc166158216]Since Rel-18, RAN2 agreed not to provide differentiated handling over the air to PDU Sets of different PSI level when they belong to the same QoS flow.
Proposal 3. [bookmark: _Toc477888239][bookmark: _Toc478114424][bookmark: _Toc478139321][bookmark: _Toc478164249][bookmark: _Toc478166236][bookmark: _Toc478166327][bookmark: _Toc478166375][bookmark: _Toc528244348][bookmark: _Toc528244363][bookmark: _Toc22282238][bookmark: _Toc22282245][bookmark: _Toc22282357][bookmark: _Toc46740192][bookmark: _Toc46740246][bookmark: _Toc46740404][bookmark: _Toc46740417][bookmark: _Toc109242484][bookmark: _Toc109242517][bookmark: _Toc109242568][bookmark: _Toc148975998][bookmark: _Toc165638484][bookmark: _Toc166140063][bookmark: _Toc166156654][bookmark: _Toc166158222]It is not feasible (i.e., complex) to support PDU sets with different redundancy ratio depending on their PSI level if they are all sent over the same QoS flow/DRB (as it was agreed in Rel-18 XR). If any action is needed, RAN2 suggests SA2 to only consider two importance levels (i.e., high and low importance PDU Sets) and changes in a semi-static manner (as explain in Proposal 2).

Other R19 XR and Media Service SA2 topics (TR 23.700-70)
Inter-PDU Set correlation
1st question to RAN2 in SA2 LS [2]: “Question1 [for SA4, RAN2 and RAN3]: PDU Set correlation information (Sol#23) provides the dependency relationship among PDU Sets. Does SA4, RAN2 and RAN3 see any improvement with adding inter-PDU set correlation information to assist RAN making PDU set discarding decision as comparing to the existing (R18) PDU Set information that is already provided by the AS?”.
This question is related to Solution #23 in TR 23.700-70 [3] which proposes to enhance the PDU set based QoS handling by using additional info. (i.e. PDU set correlation info.) provided by AS/AF for better congestion handling.
In Rel-18 XR, RAN2 defined two discard enhancements considering PDU Set operation: 
· (1) PDU Set based discard. When the PSIHI is set for a QoS flow and network configures a UE to perform PDU Set discard, as soon as one PDU of a PDU set is known to be lost, the remaining PDUs of that PDU Set can be considered as no longer needed by the application and may be subject to discard operation at the transmitter to free up radio resources. On summary, when configured, the UE discards all packets in a PDU set when one PDU belonging to this PDU set is discarded due to the expiry of its PDCP discard timer.
· (2) PSI based discard. This mechanism target congestion scenarios and when configured, UE is requested to use a shorter discard timer to low importance SDUs in PDCP which would trigger earlier discard of low importance SDUs or PDU Sets.
Similarly, if UE or NG-RAN had visibility to the inter-PDU Set correlation, it could avoid sending over the air PDU Sets that are not considered necessary by XR application when one of the critical PDU Set were not successfully transmitted. This enhancement was proposed during Rel-18 study but did not get as much traction due to lack of time to get the corresponding information available from upper layers, i.e. XR application. 
In summary, similar to the use of PSIHI for the transmission of PDUs within a PDU Set (i.e. intra-PDU Set handling), a PDU Set transmission may depend on a successful delivery of other related PDU Set (here referred to as inter-PDU Set handling).
[bookmark: _Toc166140058][bookmark: _Toc166156570][bookmark: _Toc166156661][bookmark: _Toc166158217]From RAN2 point of view, the inter-PDU set correlation information could refer to information that allows to determine which are the dependent PDU Sets and maybe even which of those PDU Set(s) are considered as critical/essential ones to successfully decode all the other dependent ones. Final/actual details would be dependent on SA2/4 conclusion on this topic.
Proposal 4. [bookmark: _Toc166140064][bookmark: _Toc22282239][bookmark: _Toc22282246][bookmark: _Toc22282358][bookmark: _Toc46740193][bookmark: _Toc46740247][bookmark: _Toc46740405][bookmark: _Toc46740418][bookmark: _Toc109242485][bookmark: _Toc109242518][bookmark: _Toc109242569][bookmark: _Toc148975999][bookmark: _Toc165638485][bookmark: _Toc166140065][bookmark: _Toc166156655][bookmark: _Toc166158223]RAN2 could further enhance PDCP discard operation if inter-PDU set correlation information is visible in UE AS layer and RAN (i.e., targeting both UL and DL XR traffic). 

[bookmark: _Toc465993148][bookmark: _Toc465993084]Data rate available in NG-RAN
2nd question to RAN2 in SA2 LS [2]: “Question3 [for RAN2 and RAN3]: SA2 would like to ask for to feedback on whether it is feasible for the NG-RAN to provide available data rate for the (non-)GBR QoS Flows.”.
This question is related to Solution #33 in TR 23.700-70 [3] which proposes to expose the available data rate of the QoS Flow for the XRM Application Server (AS). The intention is for the XRM AS to dynamically change its following near future codec of the XRM stream to match the available data rate. Those available data rate would be provided by NG-RAN based on its radio resources scheduling for the QoS Flow and the overall call admission control. And, these could vary over time.
NG-RAN schedule UEs considering the QoS requirements associated to each traffic (GBR or non-GBR) as well as other factors e.g. network load. It may be difficult for network to provide a fair estimation of available data rate estimation per QoS Flow for the different UEs when aiming always to meet the QoS requirements, all the more so that it is unclear how NG-RAN should be distributing the excess system bandwidth among UEs, or between XRM and non-XRM QoS Flows.
Proposal 5. [bookmark: _Toc165638487][bookmark: _Toc166140066][bookmark: _Toc166156656][bookmark: _Toc166158224]It is unclear whether NG-RAN can provide real time updated/available data rate for the (non-)GBR QoS Flows when NG-RAN admits and schedule UEs considering the QoS requirements associated to each traffic as well as other factors, such as network load, which all can vary over time. 

Burst size
3rd question to RAN2 in SA2 LS [2]: “Question4 [for SA4 and RAN2]: In Sol#30, the PSA UPF may identify the size of incoming burst based on N6 protocol, and send it to NG-RAN to assist RAN scheduling.  To SA4: is it possible that the application server provides the burst size in the first packet of the burst via N6?   Does RAN2 think the burst size is useful for RAN resource scheduling”.
This question is related to Solution #30 in TR 23.700-70 [3] which proposes to support adaptation mechanism based on dynamic changes in traffic characteristics, such as size of data burst. Rel-18 XR defined some burst related assistance information as part of control plane (i.e., semi-static) and user plane (i.e., dynamic). At the time, it was unclear whether the size of the burst could be provided dynamically or in a semi-static apart of what was already defined in Rel-18. If burst size information could be known at front, RAN could indeed enhance/adapt the resources.
[bookmark: _Toc165638492][bookmark: _Toc166140059][bookmark: _Toc166156571][bookmark: _Toc166156662][bookmark: _Toc166158218]Whether UE AS layer or NG-RAN can have visibility of the burst size at the beginning of each burst should be responsibility of SA4. RAN2 should only focus on whether this information could be useful.
Proposal 6. [bookmark: _Toc165638488][bookmark: _Toc166140067][bookmark: _Toc166156657][bookmark: _Toc166158225]RAN2 confirms that it is useful to get burst size traffic information for UE AS layer and RAN (i.e., targeting both UL and DL XR traffic) e.g. to enhance scheduling. 

PDU Set QoS performance (delay and loss rate)
4th question to RAN2 in SA2 LS [2]: “Question6 [for RAN2 and RAN3]: In the attached S2-2405372, it introduces to measure and expose the PDU Set QoS performance (i.e., the PDU Set Delay and PDU Set Loss Rate) to the application server, SA2 would like RAN2 and RAN3 to provide feedback on the attached solution”.
This question is related to Solution #34 in TR 23.700-70 [3] which proposes to expose real PDU Set performance to the Application(s). From RAN2 point of view, it can be feasible to monitor and expose real time PDU Set related performance information for DL traffic if it were measured/monitored in Tx side. For example, gNB could measure the delay the DL packet stored in its Tx buffer, the loss rate would be difficult and related to the previous question about the RLC-UM handling. For UL traffic, NG-RAN does not have any exposure to PDU Set related kind of information as it does not get conveyed over the air. For the same reason, Rx side does not have exposure to any PDU Set related information. In addition, if PDU Set related were to be conveyed over the air, another open question is whether this is important/beneficial considering the trades-off on monitoring signaling traffic that this would generate. 
[bookmark: _Toc22282356][bookmark: _Toc46740189][bookmark: _Toc46740244][bookmark: _Toc109242481][bookmark: _Toc109242514][bookmark: _Toc109242563][bookmark: _Toc148975994][bookmark: _Toc165638493][bookmark: _Toc166140060][bookmark: _Toc166156572][bookmark: _Toc166156663][bookmark: _Toc166158219]PDU Set related information is not included as part of the data carry over the air interface. I.e., UE AS layer only has visibility to PDU Set related information at packet level for UL traffic and NG-RAN for DL traffic.
Proposal 7. [bookmark: _Toc166156658][bookmark: _Toc165638489][bookmark: _Toc166140068][bookmark: _Toc166158226]PDU Set related information is not conveyed over the air, and therefore Rx side (in UE AS layer or NG-RAN) cannot measure PDU Set QoS Performance (i.e., the PDU Set Delay and PDU Set Loss Rate). 
Proposal 7.1. [bookmark: _Toc165638490][bookmark: _Toc166140069][bookmark: _Toc166156659][bookmark: _Toc166158227]The benefits of including PDU Set related info. over the air is unclear for RAN2 considering the complexity and signaling overhead which does not seem preferable for XR kind of traffic.


1. Conclusion
The observations captured are the following:
Observation 1.	Since Rel-18, RAN2 agreed not to provide differentiated handling over the air to PDU Sets of different PSI level when they belong to the same QoS flow.
Observation 2.	From RAN2 point of view, the inter-PDU set correlation information could refer to information that allows to determine which are the dependent PDU Sets and maybe even which of those PDU Set(s) are considered as critical/essential ones to successfully decode all the other dependent ones. Final/actual details would be dependent on SA2/4 conclusion on this topic.
Observation 3.	Whether UE AS layer or NG-RAN can have visibility of the burst size at the beginning of each burst should be responsibility of SA4. RAN2 should only focus on whether this information could be useful.
Observation 4.	PDU Set related information is not included as part of the data carry over the air interface. I.e., UE AS layer only has visibility to PDU Set related information at packet level for UL traffic and NG-RAN for DL traffic.
The proposals captured are the following:
Proposal 1.	It might be possible for NG-RAN and UE AS layer to determine a successful delivery of PDUs over UM DRB (e.g., considering HARQ). Moreover, simple enhancements could be enabled considering AL-FEC behaviour (i.e., successfully received K packets out of the N packets belonging to a PDU Set) e.g., new triggers or notifications.
Proposal 2.	To ask SA4 and SA2 whether the change of redundancy ratio for a given QoS flow is foreseen as a dynamic behaviour (which can change frequently from one PDU Set to another), or as a semi-static behaviour (which can change occasionally and over longer time periods). From RAN2 PoV, it would be simpler to enable semi-static changes of redundancy ratio (e.g., via control plane) than dynamic changes that would require impact to user plane.
Proposal 3.	It is not feasible (i.e., complex) to support PDU sets with different redundancy ratio depending on their PSI level if they are all sent over the same QoS flow/DRB (as it was agreed in Rel-18 XR). If any action is needed, RAN2 suggests SA2 to only consider two importance levels (i.e., high and low importance PDU Sets) and changes in a semi-static manner (as explain in Proposal 2).
Proposal 4.	RAN2 could further enhance PDCP discard operation if inter-PDU set correlation information is visible in UE AS layer and RAN (i.e., targeting both UL and DL XR traffic).
Proposal 5.	It is unclear whether NG-RAN can provide real time updated/available data rate for the (non-)GBR QoS Flows when NG-RAN admits and schedule UEs considering the QoS requirements associated to each traffic as well as other factors, such as network load, which all can vary over time.
Proposal 6.	RAN2 confirms that it is useful to get burst size traffic information for UE AS layer and RAN (i.e., targeting both UL and DL XR traffic) e.g. to enhance scheduling.
Proposal 7.	PDU Set related information is not conveyed over the air, and therefore Rx side (in UE AS layer or NG-RAN) cannot measure PDU Set QoS Performance (i.e., the PDU Set Delay and PDU Set Loss Rate).
Proposal 7.1.	The benefits of including PDU Set related info. over the air is unclear for RAN2 considering the complexity and signaling overhead which does not seem preferable for XR kind of traffic.
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