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LC3 P4

LOSSLESS AUDIO

LC3PLUS AUDIO CODEC

From volce
to lossless.
One codec.

LC3plus is a single audio codec supporting speech, music, gaming and high-

ETSI TS 103 634 ETSI V1.6.1 SOFTWARE, CONFORMANCE SUITE

& SPECIFICATION 7

resolution audio — and now lossless up to 192 kHz. A single library covers LC3,
LC3plus, High-Resolution and Lossless use-cases.

01 LC3 02

The mandatory codec in

Bluetooth LE Audio

» BT-SIG qualified LC3
implementation.

» LC3plus can decode LC3
bitstreams and apply
Advanced PLC. No extra
effort & better
robustness.

LC3plus
Low-delay & robust

03 - High- 04
Resolution

Lossless

Bit-exact reconstruction

44.1/48/96/ 192 kHz.
Seamless Lossless < Hi-Res
switching when the

Beyond perceptual
transparency

Best-in-class THD+N and
SNR at a fraction of the
bitrate competing Hi-Res
codecs need. 96 kHz / 24
bit - =131 dB @ 2x250 kbps.

e Down to 2.5 ms total
delay with 1.25 ms
frame duration.

wireless link bandwidth is

tight.

e Advanced Packet Loss
Concealment + Forward
Error Correction for any
wireless transmission.

SAMPLE RATES
44.1 - 48 - 96 - 192 kHz

FRAME DURATIONS
10-7.5-5
2.5-1.25 ms

BIT-PLANE CONTROL

MODE 04
AUDIO

Bit-exact audio

LOSSLESS / HIGH-RESOLUTION
AUDIO
WIRELESS

CONCEALMENT
Advanced Packet Loss

up to 192 kHz.

Lossless reconstructs the source signal sample-by-sample.

When the wireless link bandwidth is tight, LC3plus
seamlessly switches to High-Resolution and returns to
lossless coding when bandwidth requirements relax. JAS
Hi-Res Audio certified.

THD+N @ 1 kHz

Concealment included

HOST-CONTROLLED BITRATE
Seamless Lossless < Hi-
Res switching, driven by
the link layer

Trim LSB bit planes to
lower bitrate

TRANSPORTS

Any RF (e.g. BT
Classic/LE, Wi-Fi, BT
HDT, proprietary)

Measured on AudioPrecision APx500

LCSplus Hi-Res/ Lossless - | - 31 ciB

LDAC
SBC
aptX
aptX HD

LHDC‘ 4.0

LDAC

-38 dB

DAC peaks at —116 dB — and it takes three times the bitrate to get there.
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Robust. Low-Latency.

Even at heavy packet loss, LC3plus keeps speech & music clean. Advanced Packet Loss Concealment covers

the losses, so transports can drop retransmissions — lower end-to-end delay, graceful degradation.

02.1 Advanced Packet Loss Concealment (APLC)
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Packet loss? We didn't notice either.
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LC3plus APLC holds quality where BT-standard LC3 PLC drops sharply. At 12 % loss, LC3plus APLC matches BT-standard
LC3 PLC at 3 %. That's a 4x tolerance margin that lets transports rely on concealment instead of retransmissions.

02.2 Forward Error Correction

Reed-Solomon - 5 EP modes

A per-frame Reed-Solomon layer detects and repairs bit errors. On transports without retransmission (DECT NR+, broadcast) it
is the primary recovery path; on Bluetooth it runs before a retransmission is triggered, saving airtime and latency. If FEC can no
longer correct the remaining bit errors, Advanced PLC takes over to keep audio intact. Under heavy loss, EP3/EP4 selectively
discard high-frequency content instead of dropping the whole frame.

MODE

EPO
EP1
EP2
EP3
EP4

BEHAVIOUR

Off — a single corrupted bit immediately triggers Advanced PLC.
Detect only — spots corruption.

Recovers =~ 1 % of bits - light interference.

Recovers =~ 3 % of bits - medium - HF fallback.

Recovers =~ 6 % of bits - heavy - HF fallback.

OVERHEAD
0%

=~5%
~15%

=~ 30 %
~45 %

02.3 Low latency through robust links
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END-TO-END LATENCY IN BT LE AUDIO

Fraunhofer IIS - Licensing: Dr. Alfonso Carrera - Technical: Alexander Tschekalinskij
Ic3-licensing@iis.fraunhofer.de - iis.fraunhofer.de/audio

Advanced PLC and FEC absorb losses, so the
transport runs with fewer retransmissions.
Combined with LC3plus' low-delay frame
durations, latency drops well below what BT-
standard LC3 can reach.

LC3plus at 1.25 ms reaches just 6 ms end-to-
end — roughly 5x lower than LC3 at 10 ms.
That matches the speed of sound itself across
a typical 2 m TV-to-listener distance.
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Specs & integration.

03.1 Compatibility & modes

LC3 LC3PLUS HI-RES / LOSS-

DEC. DEC. LESS DEC.
LC3 ENC. ° ° —
LC3PLUS ENC. ° —
LC3PLUS HI-RES / o o N
LOSSLESS ENC.
® supported — not interoperable

Sample rates

8 16 24 32 44 .1 48 | 96*

| 192 kHz*

* Hi-Res / Lossless modes only.

03.2 Frame durations & total delay

FRAME (MS) 10 7.5 5 2.5 1.25
Total delay (ms) 12.5 1.5 7.5 5.0 2.5
03.3 Lossless compression and avg. lossless
bitrate
BIT DEPTH 44.1 KHZ 48 KHZ 96 KHZ 192 KHZ
16 bit 308 335 538 702
24 bit 648 705 1090 1380

Avg. bitrate in kbit/s - 10 ms frame - per channel - based on

14 audio tracks

An optional bit-plane parameter trims the least-significant bit planes (e.g.

15 of 16 bit) to lower the bitrate further.

03.4 Memory kB - per channel - includes LC3
footprint
CONFIGURATION ROM SRAM DRAM
LC3plus < 48 kHz - fixed 217.8 38.4 26.1
LC3plus < 48 kHz - float 217.8 38.4 26.1
Hi-Res / Lossless - fixed 130.5 58.1 38.8
Hi-Res / Lossless - float 130.5 58.1 38.8
Full (NR + Hi-Res / Lossless) - fixed 217.8 384 26.1
Full (NR + Hi-Res / Lossless) - float 217.8 38.4 26.1

ROM independent of channels.

NR = Normal Resolution (< 48 kHz). All features are guarded by
compile-time defines, so unused frame durations, sample rates or
modes can be removed easily to shrink the footprint further.

ALREADY SHIPPING LC3?

LC3plus is a strict superset of LC3 — drop in the
LC3plus library and existing LC3 streams keep working
unchanged, now with Advanced PLC and a clear path
to Hi-Res and Lossless.

LC3plus encoder & decoder APl

ADAPTIVE BANDWIDTH

LC3plus lets the transport reduce the audio bandwidth
on the fly to save bitrate — without dropping the
connection.

FEATURE REQUESTS WELCOME
Got a feature wish? We're open to requests.

03.5 Bluetooth integration

Two vendor-specific specifications cover Hi-Res & Lossless transport over Bluetooth.

TRANSPORT SPECIFICATION SOURCE IMPLEMENTATION SINK IMPLEMENTATION
LE Audio Android Nordic nRF5340 Nordic nRF5340
VENDOR-SPECIFIC SPEC 7 GUIDE 7 GUIDE 7 INTEGRATION GUIDE 7
Classic A2DP bluez-alsa bluez-alsa
VENDOR-SPECIFIC SPEC 7 INTEGRATION GUIDE 7 INTEGRATION GUIDE 7

03.6 Implementations
ARM

FLOATING-POINT FIXED-POINT
Floating-point arithmetic ITU-T basic-ops (WMOPS)
QUALCOMM HEXAGON QUALCOMM KALIMBA
Optimized for Hexagon DSP Via external partner

Fraunhofer IIS - Licensing: Dr. Alfonso Carrera - Technical: Alexander Tschekalinskij

Ic3-licensing@iis.fraunhofer.de - iis.fraunhofer.de/audio

XTENSA

Optimized for: v7-Core - Optimized for HiFi-3z / HiFi-5

v7-NEON - v8-NEON

RUST
Safe Rust implementation
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