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1. [bookmark: _Toc504713888]Introduction
AL-FEC has been considered in SA2 FS_XRM_Ph2 study [1] as a potential DL enhancement to PDU Set integrated handling. In particular, the SA2 assumption is that AL-FEC may be useful for XRM services and 3GPP may further benefit of its awareness in lower layers handling of DL media delivery for XRM traffic such that NG-RAN may actively discard redundant PDUs (“obsolete” PDUs in SA2 terminology) out of AL-FEC coded PDU Sets. To this end, SA2 liaised with SA4 on the topic, in S4-240875, asking for clarifications on the considered AL-FEC solutions.
SA4 started studying in the previous meeting, SA4#127bis-e, the AL-FEC schemes currently defined by IETF and applicable to RTC traffic for XR. Although the utility of AL-FEC from an application perspective is generally well understood (as application-level packet erasure coding is not a new topic, e.g., [2] Clause 5.7.4, [3], [4]) in the broader Internet context, the utility of AL-FEC awareness for the 3GPP core network and RAN has been questioned and is still unclear in the context of SA4 5G RTC media delivery architecture.
This contribution provides some views related to the SA2 questions and considered designs of handling AL-FEC encoded PDU Sets.
1. Views on SA2 LS and on AL-FEC awareness
“SA2 is studying enhancements to support for XR and media services. In this context, solutions have been proposed to provide information about the presence of application layer forward error correction (AL-FEC) to NG-RAN to enable NG-RAN to discard obsolete AL-FEC PDUs. Obsolete AL-FEC PDUs refers to PDUs that are not needed at the UE because enough PDUs to reconstruct the actual content have already been successfully sent to the UE. The details of these proposals are documented as solutions #1, #2, #3, #4 and #21 in TR 23.700-70. In SA2, some companies are of the opinion that such solutions are useful to efficiently handle XR applications, e.g., XR split rendering and cloud gaming services that are using AL-FEC schemes regardless of the access technology that is used for the applications' traffic. Other companies' view is that XR applications should not use AL-FEC over NR in the first place as NR provides efficient means for reliable delivery.”
>>> It seems SA2 assumes 2 prospective ways forward:
1. AL-FEC should be used and 5G System and NG-RAN need to be AL-FEC-aware to optimize DL XR traffic based on discarding of “obsolete” AL-FEC PDUs of AL-FEC encoded PDU Sets.
2. AL-FEC should not be used over the 5G NR.

AL-FEC is generally useful in practice to ensure low-latency packet delivery over lossy links in cases where RTT conditions of the end-to-end link are challenging relative to service and application delay requirements, and no QoS guarantees are available for application data flows. In such sense, AL-FEC is generally better suited to retransmission schemes, where retransmissions fall short when the jitter buffer on the receiving endpoint isn’t long enough to allow for retransmissions arrival. 
View on Option 1: It is assumed implicitly that 5G System benefits of AL-FEC awareness. Despite the clear optimization potential at the NG-RAN, there is however no study on the effects of NG-RAN AL-FEC active discarding of obsolete PDUs. In fact, this would conflict with AL-FEC encoder and rate control behavior of current applications. It is generally up to applications to dynamically control AL-FEC redundancy level (i.e., repair to source PDU ratio) based on different network and link quality metrics, such as packet loss statistics, packet loss patterns, available bandwidth, RTT etc. Such metrics are generally estimated by the application based on existent feedback and application-specific processing (e.g., RTCP feedback, RTP timestamping etc.), yet they may be also acquired from network service APIs when available. This is happening since from an information rate transfer adding more than necessary AL-FEC redundancy given the link conditions results in suboptimal usage of bandwidth and reduction of QoE. Therefore, applications implement dynamic AL-FEC controllers, often coupled with congestion control mechanisms, to determine optimal AL-FEC ratios and operation points given the available link conditions. NG-RAN actively dropping AL-FEC obsolete PDUs may benefit the 5G NR system capacity but would break current AL-FEC general mechanisms and implementations. How such NG-RAN active dropping of AL-FEC obsolete PDUs may be integrated in an implementation-friendly way with the applications end-to-end and the benefits it may offer to ASPs utilizing the 5G-RTC media delivery architecture have not been studied or documented so far in SA4.
View on Option 2: AL-FEC resides fully in the application domain and is up to the media application (which may or may not be 3GPP-aware) how and when to use AL-FEC in its media delivery pipeline. As such option 2. of not using AL-FEC over 5G NR may be infeasible in practice and can only be treated at most as a recommendation. Applications such as those enumerated use today AL-FEC successfully over heterogeneous links (i.e., mixing managed and unmanaged links) as AL-FEC may offer robustness and low-latency delivery guarantees over unmanaged links.
Observation #1: It is good to study first benefits vs. costs trade-offs that Option 1 proposal brings to both 3GPP System and media applications domains. Based on such a study better technical recommendations can be made towards normative work in either Rel-19 or Rel-20. 
NOTE 1: Collaboration with RAN2 is necessary and further communication with SA2 will be needed.
“Questions for SA4:
1. SA2 understands that different AL-FEC mechanisms exist (e.g., maximum-distance separable (MDS) schemes like RaptorQ and Reed-Solomon, FlexFEC, etc.) and is discussing for which AL-FEC mechanisms to enable AL-FEC awareness at RAN. Can SA4 identify commonly used AL-FEC mechanisms (not necessarily 3GPP defined), which should be supported for AL-FEC awareness at RAN from SA4's perspective? 
2. Does SA4 see a need (from a general application perspective) to support both static and dynamic redundancy ratios (i.e., the ratio of AL-FEC information) for AL-FEC awareness at RAN?
3. Does SA4 see a need for the application layer to distinguish RAN's intentionally dropped obsolete FEC packets from congestion related drops, and related to this, the need for specific application behaviour, e.g., to reduce the sending rate? The background to this question is the following:
Some companies in SA2 commented that transport protocols or applications need to reduce their sending rate in response to packet losses. 
Other companies argued that there is no need for reducing the sending rate when NG-RAN discards obsolete AL-FEC PDUs as long as NG-RAN can still meet the QoS characteristics of the other QoS flows in the same cell (i.e., because there is no fairness issue in this case).
“
NOTE 2: Following replies assume that benefits vs. costs trade-offs analysis as per Observation #1 has passed technical feasibility and Option 1 is further applicable to normative work.
>>> Q1: SA2 understanding is correct as documented already in KI#3 of TR 26.822 [1] by SA4 during SA4#127bis-e. For the desired NG-RAN active discard of obsolete AL-FEC PDUs it is however recommended to further support only MDS codes (e.g., Reed-Solomon), or approximate MDS codes (e.g., Raptor/RaptorQ) rather than FlexFEC XOR variants. The MDS characteristic ensures that recovery of the original source symbols is possible (with high probability, i.e., >99%) given any loss pattern if at least same number of encoded symbols is available at a receiver. FlexFEC XOR schemes do not have this property and offer selective redundancy against losses requiring additional signaling and complexity in managing discarding at the NG-RAN.
>>> Q2: Based on previous remarks to Option 1, it is advisable for applications to dynamically control the AL-FEC redundancy level, reducing the latter as much as possible when link conditions are optimal to fully exploit available bandwidth. Generally, designs should not constrain or assume media applications behavior to binarily select robustness vs. QoE, but in effect enable their dynamic behavior.
>>> Q3: Media applications generally react to link loss by adapting some source encoder parameters. These may include reducing sending rate (e.g., video encoding rate, frame rate), or dynamically changing the AL-FEC redundancy level [4]. Based on current applications’ behavior it is advisable that RTC-aware applications may distinguish between intentional dropping and congestion-based dropping of AL-FEC PDUs. However, such feedback may be prohibitive if done on per PDU Set basis, hence any semi-static or event-based bit rate adaptation or recommendation may also be useful for RTC-aware applications.
“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?”
>>> The overloading of the PSI level for indexing different AL-FEC content ratio levels is not advisable as it would impact Rel-18 RAN agreements regarding PSI-based discarding and break the semantics of the PSI field. However, the general concept of using an index to identify different AL-FEC content ratio levels may be useful in efficiently signaling dynamic AL-FEC content ratio configurations. This may be studied by SA4 as part of KI#4 of TR 26.822.
Observation #2: In case a concrete point-by-point reply to each of the SA4 questions from SA2 is desired, it is encouraged to document to SA2 the caveat that no study of benefits vs. costs trade-offs of implementing AL-FEC awareness as per Option 1 has been so far performed.
1. Proposal
It is proposed to agree on the content of Clause 2 and draft a corresponding reply LS to the SA2 LS in S4-240875 in line with the observations made.
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