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Forward Error Correction & RED — Decision Cheat
Sheet

Recovering lost audio without a round trip: RTX vs FEC, Opus in-band FEC vs RED, the costs, and when to turn it
on.

Retransmission vs FEC — two ways to fight loss

Retransmission (RTX) Ask for the lost packet again Exact recovery; costs 1 round trip - too slow on
high-latency links

Forward error correction Send redundancy ahead of No round trip; costs bitrate on EVERY packet, loss or
time not

The three FEC mechanisms (RFC 8854)

Separate FEC stream Own RTP stream High header overhead - NOT RECOMMENDED for audio
Redundant encoding (RED) Same packet, RFC 2198 Low overhead; multi-frame protection - good for audio
Codec in-band FEC Inside Opus payload Lowest overhead; single-frame protection only

Opus in-band FEC vs RED vs DRED

Opus in-band FEC (LBRR) Copies the PREVIOUS frame at low bitrate; protects 1 isolated loss; fails on 2-in-a-row.

RED (RFC 2198) Wraps whole prior packets; 'distance 2' survives a 2-packet burst; ~doubles audio
bitrate.

DRED (draft) Neural redundancy: up to ~1 s of audio at ~1/50 bitrate; emerging fix for long bursts.

Numbers that matter

* Opus FEC turns on only above ~1% loss; stereo Opus needs ~58 kbps before it produces LBRR (Mozilla, 2016).
* Opus FEC correction is capped at 25% and its bitrate is subtracted from the target - raise bitrate to leave room.
* RED roughly doubles audio: ~30 -> ~60 kbps + ~10 kbps header (distance 1); distance 2 is higher still.

* At 60% loss: no RED = 60% samples concealed; distance 1 = 32%; distance 2 = 18% (webrtcHacks, 2020).

Negotiation & configuration

* Opus FEC: receiver signals 'useinbandfec=1' (RFC 7587); sender enables FEC and sets expected loss.

* RED: negotiate codec 'red' (a=rtpmap:111 red/48000/2) and place it BEFORE Opus in codec preferences.

* Use VAD + DTX so redundancy is only sent during speech, not silence - keeps the doubled bitrate in check.
* Keep it ADAPTIVE: send only as much FEC as the measured loss (from RTCP receiver reports) warrants.

Remember

O FEC sends redundancy ahead of time so loss is recovered with no round trip - unlike retransmission.
FEC costs bitrate on every packet: it helps on lossy links and wastes bandwidth on clean ones.

Opus in-band FEC protects only the single previous frame; RED distance 2 survives a 2-packet burst.

On congestion-caused loss, adding FEC sends more data into a full pipe and makes loss worse.

0000

Match the tool to the loss pattern: random = Opus FEC; bursty = RED distance 2 (or DRED).
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Sound in Video Products

AUD'U FUR VIDEU From Jitter Buffers and Lip Sync to Atmos, Quality Metrics, and Neural
Codecs

Jitter Buffers, Lip Sync, Atmos,

Quality Metrics, and Neural Codecs By Nikolay Sapunov, CEO at Fora Soft - 1,288 pages - Kindle & paperback on
Amazon

Read it on Amazon - amazon.com/dp/BOHH6XPY46

- NIKOLAY SAPUNOV

This cheat sheet helps you choose between retransmission, Opus in-band FEC, RED and DRED
for lossy audio links. Volume 5 explains the whole recovery chain: jitter buffers and NetEq,
packet loss concealment, FEC and RED tuning, bitrate decisions, and how to read call incidents
by their symptoms.

WHAT YOU WILL FIND INSIDE
® FEC and RED tuning for Opus ® Jitter buffers and NetEq

® Packet loss concealment ® Diagnosing audio incidents by symptom

THE FULL HANDBOOK - 7 VOLUMES - 9,000+ PAGES - ALL ON AMAZON

Vol. 1 - Video Encoding — pixels and color to H.264, HEVC, AV1, quality metrics and Al
Vol. 2 - Video Streaming | — network transport, contribution and ingest, HLS, MPEG-DASH, CMAF
Vol. 3 - Video Streaming Il — ABR, CDNs, players, WebRTC, DRM and the economics of delivery
Vol. 4 - Audio for Video | — PCM, codecs, loudness, accessibility, real-time voice processing

I Vol. 5 - Audio for Video Il — jitter buffers, lip sync, Atmos, quality metrics, neural codecs
Vol. 6 - Al for Video | — models and inference, computer vision, speech, search, generative video

Vol. 7 - Al for Video Il — real-time pipelines, agents, serving, cost, compliance, verticals

Voice breaking up on lossy networks in your calls?

Send us call stats or a recording; we will tell you whether FEC, RED or a jitter-buffer change fixes
it and what it costs in bitrate. 250+ video products shipped since 2005.

Book a 30-min call » WhatsApp -

Fora Soft - video & real-time Al engineering since 2005 - 250+ projects Fora Soft - www.forasoft.com
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