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[bookmark: _Toc462478989]Abstract of the contribution: This paper proposes an update to remove EN in solution#1 to the KI#1 in 23.700-70 v0.4.0 
1	Discussion
The Rel-19 XRM Ph2 study has the Key Issue #1: Support of PDU set based QoS handling enhancement which addresses aspects related to enhancements of PDU Set based QoS handling based on additional information provided by the AF/AS.
Solutions #1, #2, #3, #4 propose the FEC information from AF may be used for proactive dropping of PDUs in a PDU set. This could be based on based on knowledge about ratio of FEC to source information coding or based on explicit knowledge about FEC stream (e.g., RFC 8627).
Solution #1 defines Obsolete PDUs as '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.' These are candidates for a proactive dropping action by NG-RAN.
There may be a case that receiver of the PDU Sets (application client) is located in a tethered device. In that case, Uu link is not the last hop for the packets and any proactive dropping in Uu link affects the receiver performance adversely.
AF providing the information about FEC ratio may not be sufficient for 5GS to decide proactive dropping.
This is captured as an EN in Solution #1. (EN also applies for other solutions dealing with FEC based proactive dropping)
	Editor's note: How the removal of FEC data affects subsequent hops in DL/UL and consequently the end user experience.




This contribution updates Solution #1 to remove the EN.
This solution proposes that UE is able to provide an indication of its ability to tolerate proactive dropping to NG-RAN.
NG-RAN will consider this additional information from the UE before deciding on discarding of PDUs.
Proposal 1: UE indicates to NG-RAN whether it is able to tolerate the proactive dropping of obsolete PDUs.
For a session it may also be possible that there may be different levels of extra information that can be dropped by the network. PDUs in a PDU set could be split to three different categories:
Mandatory PDUs: PDUs of the PDU Set which are needed at minimum for the usage of the PDU Set by the application layer in the receiver side to have successful PDU set delivery.
Redundant PDUs: PDUs of the PDU Set which are not needed for the usage of the PDU Set by the application layer in the receiver side (e.g., FEC information).
Recommended PDUs: PDUs of the PDU Set which are needed for high quality usage of the PDU Set by the application layer in the receiver side (for example, in a video frame without recommended PDUs, the PDU set could be considered as successfully received but the receiver may be able to predict the missing enhancement layer).
It is possible that receiver may be able to tolerate the loss of PDUs such that only mandatory PDUs in a PDU Set need to be delivered by the network. This can be configured by AF towards the 5GC as different levels of allowed discarding of obsolete PDUs:
1 ﻿﻿﻿L1: Discard redundant PDUs
2 ﻿﻿﻿L2: discard redundant and recommended PDUs
The multiple levels of discarding configuration could be provided as content ratio values. AF may provide 5GC with multiple levels of discarding configuration. UE may provide to NG-RAN indication of its preferred level of operation.
Based on these two pieces of information NG-RAN decides to discard PDUs in case of congestion
Proposal 2: AF may configure content ratio values for different levels of operation e.g., one value for dropping only FEC PDUs, another value for dropping PDUs of high quality layer.
Proposal 3: UE provides an indication of its preferred operating level for proactive discard of obsolete PDUs in a PDU Set.
2	Proposal
It is proposed to adopt the following changes into TR 23.700-70 v0.4.0.



	
	* * * * 1st Change (revision marked)
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[bookmark: _Toc161291272]6.1	Solution #1: PDU Set content ratio awareness at RAN
[bookmark: _Toc161291273]6.1.1	Key Issue mapping
This solution addresses key issue #1.
[bookmark: _Toc161291274]6.1.2	Description
[bookmark: _Toc161291275]6.1.2.1	Introduction
[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.
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 introduced 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.
There may be cases when the receiver of the PDU Sets (e.g., application client) is located in a tethered device. In that case, Uu link to the UE is not the last hop for the packets. Any proactive dropping in Uu link negatively impacts the receiver performance. In such cases UE provides an indication of its ability to tolerate proactive dropping to NG-RAN. NG-RAN will consider this additional information from the UE before deciding on discarding of obsolete PDUs.
XR traffic also has the possibility to let the decoder in the receiver predict missing content from an enhancement layer. Thus, the mandatory required PDUs in a PDU Set may vary with the receiver’s ability to tolerate losses. The AF can configure multiple levels of content ratio that is required to be delivered to the UE depending on decoder’s operating mode. Based on the decoder’s operating mode and UE status, UE can inform NG-RAN about its preference to operate in one of the configured levels of content ratio. NG-RAN chooses the content ratio value based on this additional information from UE.  
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:	SA WG2 will reach out to SA WG4 to get feedback on this solution.
Editor's note:	SA WG2 will reach out to RAN WG2 to get feedback on this solution.
[bookmark: _Toc161291276]6.1.2.2	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.
- 	Mandatory PDUs: PDUs of the PDU Set which are needed at minimum for the usage of the PDU Set by the application layer in the receiver side to have successful PDU set delivery.
-	Redundant PDUs: PDUs of the PDU Set which are not needed for the usage of the PDU Set by the application layer in the receiver side (e.g., FEC information).
-	Recommended PDUs: PDUs of the PDU Set which are needed for high quality usage of the PDU Set by the application layer in the receiver side (for example, in a video frame without recommended PDUs, the PDU set could be considered as successfully received but the receiver may be able to predict the missing enhancement layer).

[bookmark: _Toc161291277]6.1.2.3	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.
	The content ratio could also be presented as multiple values.  
-	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.
-	The UE may indicate to NG-RAN its ability to tolerate loss of PDUs in a PDU Set. If multiple values for content ratio is provided, UE indicates its preferred operating level to NG-RAN. 
-	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. If multiple values for content ratio is provided, then NG-RAN chooses the applicable value for discarding based on UE indication. 
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: _Toc161291278]6.1.3	Procedures
Existing procedures are re-used and extended with content ratio information and the indication that PDU Set content ratio awareness is supported.
[bookmark: _Toc161291279]6.1.4	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.
-	Indicate support of PDU Set content ratio awareness to SMF during QoS flow establishment and during Xn and N2 handovers.
UE: 
- 	Indicates its ability to tolerate loss of PDUs in a PDU Set. UE may also indicate a preferred operating mode for discarding PDUs by NG-RAN. 

* * * * End of Changes * * * *
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