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Abstract of the contribution: This paper proposes a new solution to enable PDU Set content ratio awareness at NG-RAN.

1.	Discussion
SA4 recently confirmed that "Commercial XR split rendering and cloud gaming services use Application Layer Forward Error Correction (FEC)." as documented TR 26.926 clause 5.7.4[1]. 
Observation 1: SA4 recently confirmed that "Commercial XR split rendering and cloud gaming services use Application Layer Forward Error Correction (FEC).
SA4 also illustrated the principles underpinning the use of AL-FEC by XR applications in TR 26.926 [1] clause 5.7.4:
· 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.
Observation 2: From receiver perspective, it is sufficient to receive a subset of packets of each ADU (referred to as PDU Set hereafter) to be able to reconstruct the actual content in case AL-FEC is used. If the applied code is maximum distance separable, e.g. if RaptorQ or Reed-Solomon codes are used, then any number of K PDUs out of the total number of N PDUs of the PDU Set are sufficient for the receiver to reconstruct the content.
According to [2], 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.
[bookmark: _Hlk153815840]Therefore this paper proposes to make NG-RAN aware of the ratio of PDUs of a PDU Set that are needed at the UE to be able to reconstruct the original content so that NG-RAN can discard the remaining, obsolete PDUs.
Proposal 1: Make NG-RAN aware of the ratio of PDUs of a PDU Set that are needed at the UE to be able to reconstruct the original content so that NG-RAN can discard the remaining, obsolete PDUs.
One additional key aspect worth discussing is the perspective of the application. If NG-RAN discards obsolete PDUs, then the application may observe that the UE constantly receives just enough PDUs to be able to reconstruct the original content. It is important to ensure that the application does not - based on this observation - increase the amount of AL-FEC information. This paper proposes to ensure this by informing the application server if a network supports active discarding of obsolete PDUs. Based on this, the application can refrain from increasing the rate of AL-FEC information as long as enough PDUs to reconstruct the original content are received.
Proposal 2: To avoid that an application increases the amount of AL-FEC information unnecessarily just because the UE constantly receives only just enough PDUs to be able to reconstruct the original content as a result of NG-RAN actively discarding any obsolete PDUs of a PDU Set, the network informs the application server if the network supports active discarding of obsolete PDUs. Based on this, the application can refrain from increasing the rate of AL-FEC information while enough PDUs to reconstruct the original content are received.
2.	References
[1]	TR 26.926v18.1.0: "Traffic Models and Quality Evaluation Methods for Media and XR Services in 5G Systems".
[2]	TR 26.925v18.1.0: "Typical traffic characteristics of media services on 3GPP networks".
3.	Proposal
It is proposed to agree the following changes to TR 23.700-70:
[bookmark: _Hlk67396857]>>>>BEGINNING OF CHANGES<<<<
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>>>>NEXT CHANGES<<<<
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[bookmark: startOfAnnexes][bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc151529983]>>>> NEXT CHANGES (all new text) <<<<
6.X	Solution #X: PDU Set content ratio awareness at RAN
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc151529984]6.X.1	Key Issue mapping
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]This solution addresses key issue #1.
[bookmark: _Toc151529985]6.X.2	Description
6.X.2.1	Introduction
SA4 recently confirmed that "Commercial XR split rendering and cloud gaming services use Application Layer Forward Error Correction (FEC)." as documented TR 26.926 clause 5.7.4[1]. SA4 also illustrated the principles underpinning the use of AL-FEC by XR applications in TR 26.926 [X1] clause 5.7.4:
· 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 [X2], 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.
Editor’s note: How RAN determines K packets (i.e., UDP packets) are successfully delivered over an unacknowledged mode data bearer, is FFS.
Editor’s note: Whether the application needs to distinguish and if so how the application distinguishes RAN’s intentionally dropped FEC packets from congestion related drops and if the application needs to react by reducing its send-rate to individual packet loss), is FFS.
Editor’s note: How the removal of FEC data affects subsequent hops in DL/UL and consequently the end user experience.
Editor’s note: How in this envisioned solution the e2e FEC relates to FEC intrdocuced by the radio interfaces’ channel coding and HARQ is FFS.
Therefore this solution proposes to make NG-RAN aware of the ratio of PDUs of a PDU Set that are needed at the UE to be able to reconstruct the original content so that NG-RAN can discard the remaining, obsolete PDUs.
It is worth noting that this approach works regardless of whether the AL-FEC encoded traffic is encrypted or not.
One additional key aspect is the perspective of the application. If NG-RAN discards obsolete PDUs, then the application may observe that the UE constantly receives just enough PDUs to be able to reconstruct the original content. It is important to ensure that the application does not - based on this observation - increase the amount of AL-FEC information. This solution proposes to ensure this by informing the application server if a network supports active discarding of obsolete PDUs. Based on this, the application can refrain from increasing the rate of AL-FEC information as long as enough PDUs to reconstruct the original content are received.
Editor's note: SA2 will reach out to SA4 to get feedback on this solution.
Editor's note: SA2 will reach out to RAN2 to get feedback on this solution.
6.X.2.2	Definitions
The solution is based on the following definitions:
-	Definitions
-	Content ratio: The ratio of PDUs of a PDU Set that are needed at the UE to be able to reconstruct the original content.
-	Obsolete PDUs: All PDUs of a PDU Set that have not been transmitted to the UE yet in a situation where already enough PDUs have been successfully transmitted to the UE according to the content ratio.
6.X.2.3	Solution principles
The solution is based on the following principles:
-	General
-	When requesting or updating QoS for a flow, an AF may provide to PCF/NEF - together with PDU Set QoS parameters – the content ratio for the flow. An AF may provide either PSIHI or content ratio for a flow. The AF may additionally subscribe for receiving the indication of support/non-support of PDU Set content ratio awareness.
-	If a PCF receives the content ratio from an AF, then the PCF may include the content ratio in PCC rules that it provides to the SMF.
-	The SMF provides content ratio to NG-RAN when establishing/modifying a QoS flow.
-	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 is FFS.
-	Handling of supporting/non-supporting NG-RAN nodes
-	If an NG-RAN node supports PDU Set content ratio awareness:
-	If the NG-RAN node receives content ratio information from SMF, then the NG-RAN node informs SMF in response that it supports PDU Set content ratio awareness.
-	As part of Xn and N2 handovers, the target NG-RAN node indicates to SMF that NG-RAN supports PDU Set content ratio awareness.
-	If the UE moves from a RAN node (e.g., an NG-RAN or E-UTRAN node) that does not support PDU Set content ratio awareness (referred to as non-supporting node hereafter) to an NG-RAN node that supports PDU Set content ratio awareness (referred to as supporting node hereafter), then SMF provides content ratio information (if available) to NG-RAN.
-	If SMF has received content ratio information from PCF, and NG-RAN indicates that it supports PDU Set content ratio awareness, then SMF informs PCF, and subsequently PCF informs the AF, that PDU Set content ratio awareness is supported by NG-RAN.
-	If the UE moves from a supporting to a non-supporting node, then SMF informs PCF, and subsequently PCF informs the AF, that PDU Set content ratio awareness is not supported by NG-RAN.
[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc151529986]6.X.3	Procedures
Existing procedures are re-used and extended with content ratio information and the indication that PDU Set content ratio awareness is supported.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc151529987]6.X.4	Impacts on services, entities and interfaces
-	AF
-	Provide content ratio to PCF
-	Receive indication of support/non-support of PDU Set content ratio awareness from SMF
-	PCF 
-	Receive content ratio from AF and provide content ratio to SMF as part of PCC rules
-	Receive indication of support/non-support of PDU Set content ratio awareness from SMF and inform AF accordingly
-	SMF
-	Receive content ratio from PCF and provide content ratio to RAN
-	 Provide indication of support/non-support of PDU Set content ratio awareness to PCF
-	NG-RAN
-	Support receiving content ratio information for a QoS flow and support discarding obsolete PDUs for the QoS flow based on the content ratio.
[bookmark: _Hlk156982046]-	Indicate support of PDU Set content ratio awareness to SMF during QoS flow establishment and during Xn and N2 handovers.
>>>>END OF CHANGES<<<<
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