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1	Introduction
In order to progress on their Solutions 1, 30 and 34, SA2 has sent RAN2 two LSs:
-	S2-2405604 on Application-Layer FEC Awareness at RAN.
-	S2-2405625 on FS_XRM Ph2.
This contribution explains the background and suggests possible answers to the SA2 questions.
2	Background
The need for RAN2 feedback can be found in the latest version of the SA2 TR [23.700-050]. For Solution 1, the need for RAN2 feedback is mentioned in the following:
	[…]
[bookmark: MCCTEMPBM_00000028]SA WG4 recently confirmed that "Commercial XR split rendering and cloud gaming services use Application Layer Forward Error Correction (FEC)." as documented clause 5.7.4 of TR 26.926 [12]. SA WG4 also illustrated the principles underpinning the use of AL-FEC by XR applications in clause 5.7.4 of TR 26.926 [12]:
-	Applications send Application Data Units (ADUs) consisting of source symbols, which contain for instance a video frame, and in addition repair symbols.
-	If the code that is used is maximum distance separable (MDS), e.g. in case of RaptorQ or Reed-Solomon codes, then the source and repair symbols are distributed across N packets such that the receiver can reconstruct the actual content (e.g. the video frame) if any K out of N packets (with K < N) are received.
In other words, from receiver perspective, it is sufficient to receive K packets of the ADU to be able to reconstruct the actual content. This also implies that once the receiver has successfully received K out of the N packets that the ADU consists of, transmitting the remaining N-K packets of the ADU to the receiver does not add any value because the receiver can already reconstruct the original content based on the first K packets.
According to [13], the overhead of AL-FEC schemes ranges from 10-50% with a typical value of 30%. For AL-FEC based XR content over 5G, this presents a significant optimization opportunity: If NG-RAN successfully delivered the first K PDUs of a PDU Set to the UE, then NG-RAN can refrain from sending the remaining PDUs to the UE because they anyhow do not provide any additional value. (We refer to these PDUs as obsolete PDUs hereafter.) Given that the typical overhead of AL-FEC schemes is 30%, this allows for significant savings in air interface resources.
Additional benefits lie in energy savings for the UE since unnecessary DL transmissions can be avoided and RAN may send the device back to sleep earlier.
Editor's note:	How RAN determines K packets (i.e. UDP packets) are successfully delivered over an unacknowledged mode data bearer will be decided based on RAN2 feedback.
[…]
The solution is based on the following principles:
[…]
-	If NG-RAN supports PDU Set content ratio awareness and has received content ratio information for a QoS flow, then NG-RAN may discard obsolete PDUs for this flow during congestion.
Editor's note:	Whether NG-RAN may discard obsolete PDUs in cases other than during congestion (e.g. to reduce UE power consumption) is FFS and will be determined based on feedback from RAN2.



For Solution 30, the need for RAN2 feedback is mentioned in the following:
	[…]
For XR or other interactive media services with traffic bursts (e.g., Media streaming, cloud gaming services), the application layer’s network requirements could be quite dynamic. Typically, the size of data burst in XRM services could vary in a wide range. To ensure the occasionally big bursts can be transferred within PDB/PSDB, currently the QoS parameters need to be set according to the potential maximum burst value. This overprovisioning leads to potential waste of network resource and lower user capacity.
In this solution, a fast adaptation mechanism is proposed to support the dynamic changes in traffic characteristics:
-	The AF provisions the QoS Requirement for a target media flow, protocol description and indicates that traffic burst size can change dynamically.
-	The PCF authorizes the service data flow in the PCC rule based on the AF input and/or local operator configuration.
-	Based on the PCC rule from the PCF, the SMF generates and provides the QoS profile with authorized QoS parameter to the NG-RAN.
-	The SMF instructs the UPF to detect the dynamic change in the burst size for the target service data flow and to further notify NG-RAN on the changed traffic burst size. The protocol description if provided by the AF would be sent from SMF to UPF to assist the burst size detection.
-	The UPF detects the dynamic change of the burst size for the target service data flow and sends the burst size of the data burst to NG-RAN via GTP-U header. The burst size can be identified by UPF based on the N6 protocol (extensions of N6 protocol may be needed in SA4), or by the UPF implementation.
Editor’s Note: RAN2 and SA4 feedback is required on this solution.
-	The NG-RAN can use the received burst size to assist radio resource management. For example, the NG-RAN may use the burst size to schedule radio resources for the coming burst traffic and/or release superfluous radio resources for other services or UEs for efficient radio resource scheduling. 



And for Solution 34, the need for RAN2 feedback is mentioned in the following:
	[…]
For rel-18, the granularity of PDU Set and PDU Set QoS are introduced, however, the real PDU Set performance is not estimated and exposed to the Application, e.g. PDU Set Delay and/or PDU Set Loss Rate suffered for a data stream in 5GS. For a data stream which request PDU Set QoS before, the server also cares the real PDU Set performance, which is also beneficial for codec adaptations at the server side. For example, for some live streaming applications in practice, streamer uploads the video streams as several video slices instead of a whole video during their live steaming. Each video slice will be identified as a PDU set in 5GS. However, the PDU Set performance is not able to be estimated and exposed to the Application yet, resulting in the situation that the Application is not able to perform the codec adaptations for a single video slice. To enable exposure of PDU Set performance, the DL PDU Set delay exposure and PDU Set Loss Rate are proposed in this solution.
Editor's note:	Feedback on this solution from RAN2 and RAN3 is needed.



These correspond to the two incoming LSs:
-	S2-2405604 on Application-Layer FEC Awareness at RAN, for the Notes on Solution 1 above.
-	S2-2405625 on FS_XRM Ph2, for the Notes on Solutions 30 and 34 above.

3	LS on Additional Information
In S2-2405604, the following questions are asked to RAN2:
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?
2.	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?
Regarding the 1st question, RAN cannot reliably determine whether a PDU was successfully delivered in RLC unacknowledged mode. The HARQ feedback might give an indication, but at the cost of increased complexity (it would require tracking which TB carries which RLC PDUs) and would not be reliable anyway. The second part of the question raises the issue of timing and unless the transmitter stops and waits for feedback (at the expense of increase delays), there always will be obsolete PDUs being transferred. 
Proposal 1: answer the 1st question of LS S2-2405604 as RAN cannot reliably determine whether a PDU was successfully delivered in RLC unacknowledged mode.
Regarding the 2nd question, since the transmitter cannot reliably assess the successful delivery of PDUs, some feedback from the receiver would be required, most likely based on RLC AM mode. As long as this feedback only relies on existing SN and neither require the knowledge of PDU sets, nor of the ratios at the receiver, having different ratios to determine which PDUs become obsolete at the transmitter, based on the PDU set they belong to, might be feasible. More advanced schemes requiring PDU set information to be carried over the air interface would have large impacts on RAN2 radio protocols.
NOTE:	The combination of a low PDB and a feedback mechanism will always result in having some obsolete PDUs transmitted (since we cannot afford waiting for the feedback to send new packets).
Proposal 2: answer the 2nd question of LS S2-2405604 as a simple scheme relying on the feedback of successfully received SN might be feasible but will not stop all obsolete PDUs.

4	LS on Application-Layer FEC Awareness
In S2-2405625, the following questions are asked to RAN2:
1.	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?
3.	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. 
4.	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. Does RAN2 think the burst size is useful for RAN resource scheduling.
6.	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
Regarding the 1st question, if PDU sets are indeed related to each other's in such a way that the loss of one set would render the other ones useless, RAN would benefit in knowing such a relationship in order to save radio resources and reduce power consumption (otherwise spent on useless PDUs).
Proposal 3: answer the 1st question of LS S2-2405625 as the PDU Set correlation information would help the RAN to save radio resources and reduce power consumption.
Regarding the 3rd question, it is not clear what data rate should be reported:  real-time, average, maximum, guaranteed… ? In any case, this is probably more of a RAN3 topic.
Proposal 4: answer the 3rd question of LS S2-2405625 as RAN2 understands this is a RAN3 topic.
Regarding the 4th question, being able to identify the burst size would help the gNB to book radio resources and fulfil the QoS requirements more efficiently.
Proposal 5: answer the 4th question of LS S2-2405625 as knowing the size of bursts would help gNB scheduling.
Finally regarding the 6th question on PDU Set Performance exposure, our understanding is that it is not suggested to involve the UE and thus, we can let RAN3 answer.
NOTE:	If UE involvement was required, this would fall under the scope of SON/MDT.
Proposal 6: answer the 6th question of LS S2-2405625 as RAN2 understands that no UE involvement would be required and thus lets RAN3 answer.
5	Conclusion
This contribution has made the following proposals regarding the incoming SA2 LSs:
Proposal 1: answer the 1st question of LS S2-2405604 as RAN cannot reliably determine whether a PDU was successfully delivered in RLC unacknowledged mode.
Proposal 2: answer the 2nd question of LS S2-2405604 as a simple scheme relying on the feedback of successfully received SN might be feasible but will not stop all obsolete PDUs.
Proposal 3: answer the 1st question of LS S2-2405625 as the PDU Set correlation information would help RAN to save radio resources and reduce power consumption.
Proposal 4: answer the 3rd question of LS S2-2405625 as RAN2 understands this is a RAN3 topic.
Proposal 5: answer the 4th question of LS S2-2405625 as knowing the size of bursts would help gNB scheduling.
Proposal 6: answer the 6th question of LS S2-2405625 as RAN2 understands that no UE involvement would be required and thus lets RAN3 answer.







