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Abst ract

Thi s docunent specifies the Adaptive Layered Voi ce Codec (ALVC), a
scal abl e speech codec optim zed for extremely constrai ned | ow power



wi de- area networks (LPWANs). ALVC enables intelligible base | ayer

pl ayback at sub-kilobit rates and progressive quality inprovenent via
enhancenent | ayers delivered asynchronously. The design supports store-
and- forward operation, fragnentation, unequal error protection, and
nmonot oni ¢ refinement from partial reception
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1. Introduction

Low power wi de-area networks (LPWANs) such as LoRaWAN, Sigfox, and NB-
IoT typically carry short telenmetry nessages and cannot sustain
interactive voice. Neverthel ess, nmany industrial, public safety, and
renote operations scenarios benefit from del ayed voice delivery, for
exanpl e voi ce notes that can be forwarded opportunistically through
gateways. This docunent introduces the Adaptive Layered Voi ce Codec
(ALVC), which explicitly separates intelligibility fromfidelity. Alow
rate base | ayer provides i mredi ate conprehension from sparse fragnents,
and one or nore enhancement |ayers provide increnental quality upgrades
when channel capacity pernmits. ALVC is designed for robustness to out-
of -order arrival, long one-way |atency, and | oss. Receivers can start

pl ayback after decoding an initial w ndow of base-|ayer fragments and

t hen upgrade al ready buffered audi o as enhancenments arrive. The codec is
i ndependent of any particul ar transport; a conpani on document specifies
a SCHC based profile suitable for LPWANs.

2. Requirenents Language

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in BCP 14
(RFC 2119 and RFC 8174) when, and only when, they appear in all

capitals, as shown here

3. Use Cases and Depl oynment Scenari os

Industrial and Utilities: maintenance crews | eave spoken annotations at
renote assets; gateways collect fragnments and forward themto contro
roons. Public Safety and SAR short updates where coverage is
intermttent; base-layer-only reception provides neani ngful information.
Tel enetry Plus Human Context: nuneric telemetry with spoken rational e;
base | ayer coexists with sensor payl oads under strict duty-cycle lints.

4. Operational Constraints

Depl oynments share: 50-200 byte payl oad budgets; strict duty-cycle
limts; minutes-scale |latency and out-of-order delivery; MU class
endpoints. Goals include intelligibility at or below 1.2 kbps,



progressive refinement w thout resending Layer-0, and gracefu
degradati on under | oss.

5. Signal Mdel and Anal ysis

Nar r owband speech at 8 kHz. Analysis on 20 nms franes (50% overl ap),
grouped into 40-80 ns superfranes. Fixed-point pitch tracking and LPC
anal ysis. Quantizers are chosen to support nost-significant-bit-first
em ssion for graceful truncation

6. Layered Structure

Layer-0 (Base): independently decodable, ~0.8-1.2 kbps; voicing, pitch,
gai n, conpact spectral envelope (e.g., LSF), sparse excitation indices.
Layer-1 (Core): refines envelope, pitch, and gain; MSB-first em ssion
recomended. Layer-2 (High-Band): adds hi gh-band envel opes and

si bi l ance cues; playback renai ns narrowband when absent. Layer-R
(Residual ): optional transformcoded residual in bit-planes; encoders
may stop opportunistically.

7. Bitstream Synt ax

Top-level fields: version and profile ID; superframe index and duration
(40 or 80 ns); layer presence bitnmap; optional CRC16. Top-Level Header

Bitfield (Informative): O 1 2
301234567890123456789012345678901
S R LTy . +-- -+
Version(4) | P| D| Res | Super f ramel ndex(16) | Cl6
. B . Fem e e e eeeeeeaeaaaaa +-- -+
LAYER MAP (8) | OPTI ONAL CRC16 (if Cl16=1) |
S o e o e e e e e e e e e e e e e e e e e e e e e e o m oo +

Default superframe duration: 40 ms (two frames) or 80 ns (four frames).
Illustrative budgets: Layer-0 at 800 bps (32 bits per 40 ns); Layer-0 at
1200 bps (48 bits per 40 ns); Layer-1 adds 500- 1200 bps; Layer-2 adds
300- 800 bps; Layer-R opportunistic. Wrked Exanple (Informative):
Layer-0 at 0.8 kbps -> 32 bits per 40 nms; 20 s -> 500 superfranes ->
16,000 bits ~2,000 bytes; with 5-byte headers, overhead ~2,500 bytes;
total Layer-0 ~4.5 kB including parity; with 80 B MU, ~57 payl oads
(+20-30% parity).

9. Packet Loss, FEC, and Conceal nent

Layer-0 MUST use FEC such as Reed- Sol onon or fountain; enhancenents
SHOULD use |ighter FEC or none; encoders MAY enbed |owrate forward

copi es; enhancements MAY be MSB-first; when base fragnents are
unrecover abl e, decoders MJST apply PLC using pitch-synchronous synthesis
and noise fill.

10. Decoder Behavior from Partial Layers

Recei vers MUST permt imredi ate pl ayback from Layer-0 al one and MJST
apply received enhancenents idenpotently to inprove buffered audio

wi t hout discontinuities. |Inplenentations SHOULD support background re-
synt hesi s and MAY cache undecoded enhancenents.

11. Conplexity and Menory

Targets fixed-point MCUs. Reference decoder < 40 MHz (Layer-0), < 80 Mz
wi th one enhancenent. Informative: Cortex-M4 @80 M1z decodes Layer-0 in
real tinme with <25% CPU and <32 Ki B RAM +one enhancenment ~50% CPU and
+8 Ki B RAM M/ A-cl ass provi de headroom

12. Interoperability and Profiles



Interoperability via profiles fixing Layer-0 bit allocation and frane
durations; a LoRaWAN exanple is in the conpanion transport docunent.

13. Security Considerations

Bi t streans SHOULD be protected via authenticated encryption. Wth CoAP
use OSCORE. Wth SCHC, per-fragment AEAD is RECOMVENDED. | npl enentations
MUST avoid variable-tinme decoding paths that | eak content via tinmng.

14. Privacy Considerations

Voi ce content is sensitive; support redaction/transcript-only nodes and
retention limts; metadata timng can | eak usage patterns; paddi ng and
bat chi ng MAY mitigate.

15. | ANA Consi der ati ons

Thi s docunent has no | ANA acti ons.
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