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* * * * Next change (New text) * * * *

6.X	Background KI#4: Analysis of AL-FEC awareness in 3GPP
6.X.1 Common attributes of AL-FEC deployments
AL-FEC codecs, as the schemes documented in Solution #5, are used in ensuring low latency media delivery for networks with bursty losses and RTT delays comparable or higher than the jitter buffer delay constraints of an application. AL-FEC is not an exclusive packet loss mechanism and may be used interchangeably with retransmissions (e.g., as documented in Solution #as media source bit rate adaptation or other flow control mechanisms. AL-FEC encoding is in fact utilized in practice in supplement to RTCP NACK indication and the AL-FEC redundancy level is usually dynamically adapted [x3], [x4] to network conditions. 
The advantage of AL-FEC over other schemes is that error recovery is proactively protected by redundant packets and a decoder may be able to recover from any packet losses without any additional transport-related delays (e.g., as for retransmissions-based mechanisms). However, the cost to pay for using AL-FEC is additional bandwidth utilization. A dynamic AL-FEC controller (or media optimizer [x4]) ensures usually in practice an optimal trade-off between AL-FEC bandwidth utilization and QoS is achieved by balancing the bandwidth split between the source media content and the AL-FEC redundancy added. Figure X outlines potential operation points for an AL-FEC encoded media stream (e.g., a video stream) as adapted by a dynamic AL-FEC controller based on network conditions. Operation point (1) illustrates an unprotected media stream at 30 Mbps, operation point (2) illustrates an AL-FEC protected media stream with a high AL-FEC redundancy rate of 100% (i.e., equal bandwidth split between media and repair packets), and operation point (3) illustrates an AL-FEC protected media stream with a low AL-FEC redundancy rate of 25%.
[image: ]
Figure X: Example operation points of AL-FEC encoded media
The network metrics and statistics that influence the operation of AL-FEC controller are usually diverse and may involve at least [x1], [x2], [x3], [x4]
- available bandwidth estimation/information
- packet loss statistics
- packet loss feedback
- RTT delay estimation/information.
Congestion events impact therefore the operation of the AL-FEC dynamic behavior. At a high-level in low packet loss conditions the AL-FEC redundancy rate is reduced considerably (e.g., operation point (3) in Figure X), or even eliminated (e.g., operation point (1) in Figure X) as per application configuration and preferences. On the other hand, for some higher packet loss values, given that the link has necessary bandwidth, the AL-FEC redundancy rate is increased to provide more redundancy and protection against network losses. However, in case congestion events persist and available bandwidth degrades the AL-FEC redundancy rate is usually backed-off and the media source rate is adapted to a lower source rate to account for the lower bandwidth available.
The high-level control loop detailed above implies frequent network conditions monitoring (e.g., every second, [x4]) and corresponding reactive AL-FEC redundancy rate and media source rate adaptation. This achieves an elastic and robust transport mechanism for low latency media delivery even over bursty lossy networks.
NOTE 1: Typical bursty losses are usually comparable to the network conditions monitoring times (e.g., couple of seconds resolution) and may affect multiple frames in a row.
6.X.2 End-to-end transport perspective
Figure Y illustrates the end-to-end perspective of AL-FEC encoded media streams over a 3GPP network. The Application Server (AS) is situated into a data network with potentially no QoS guarantees. It serves DL AL-FEC encoded XR media traffic to a UE connected to a 3GPP network. The DL traffic is transported over the data network to the UPF (ingested at reference point N6), then over the core network to the NG-RAN (ingested at reference point N3) and finally reaches the UE over the Uu air-interface. Optionally, in case the UE is not the XR endpoint, it may relay over a tethered connection the media content to an XR tethered device.


Figure Y: End-to-end transport path for AL-FEC encoded PDU Sets.
The following points are worth remarking if AL-FEC awareness is enabled for NG-RAN to actively discard obsolete PDUs out of AL-FEC encoded PDU Sets:
· the AL-FEC obsolete PDU discarding at NG-RAN may be perceived by applications as congestion events, unless applications are fully aware of the NG-RAN behaviour (e.g., based on configuration, e.g., QoS configuration, or other feedback mechanisms);
· a fixed operation point at a static AL-FEC redundancy rate is not advisable from an information rate optimization perspective and media delivery standpoint since the AL-FEC redundancy will inefficiently utilize available bandwidth in detriment of the media source, as described above;
· a dynamic AL-FEC behavior is preferrable;
NOTE 2: Dynamic AL-FEC awareness signalling should be supported in supplement to PDU Set awareness, yet how to support it is FFS and may further involve SA2 and RAN2 coordination.
· the AL-FEC obsolete PDUs discarding at RAN will in effect reduce the 5GS operating bandwidth over the Uu interface to the media source rate;
· the AL-FEC encoding may protect against bursty packet losses over any of the data network, core network and air-interface link segments, yet the core network and air-interface link segments are part of the QoS flow architecture ensuring QoS guarantees (e.g., PSDB, PSER, or alternatively, PDB, PER);
· it seems that AL-FEC is mostly effective against the data network link segment, or alternatively, any link segment in the path to N6 that is out of the scope of 3GPP QoS flow architecture;
NOTE 3: How the AL-FEC encoding will impact the QoS configuration if NG-RAN discarding of obsolete AL-FEC PDUs is enabled is FFS.
· the AL-FEC obsolete PDU discarding at NG-RAN cannot protect against losses on tethered links, if present;

The analysis and remarks above implicitly assume NG-RAN feasibility (e.g., fast determination of PDUs ACK/NACK in various RLC modes to enable obsolete AL-FEC encoded PDU discard) and net benefits (e.g., capacity gains/bandwidth savings vs. added complexity) in discarding obsolete AL-FEC PDUs. However, the latter assumptions should be further verified in coordination with RAN2.
* * * * End of changes * * * *
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