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1. Introduction

Thi s docunent describes how conpressed M xed Excitation Linear

Predi cti on Enhanced (MELPe) speech as produced by the MELPe codec
may be formatted for use as an RTP payload. Details are provided to
packetize the three different codec bitrate data frames (2400, 1200,
and 600) into RTP packets. The sender nmay send one or nore codec
data frames per packet, depending on the application scenario or
based on transport network conditions, bandwi dth restrictions, delay
requi renents, and packet |oss tol erance.

1.1. Conventions
The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].

Best current practices for witing an RTP payl oad format
specification were foll owed [ RFC2736].
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Backgr ound

The MELP speech coder was devel oped by the US military as an upgrade
fromthe LPC based CELP standard vocoder for lowbitrate

conmuni cations [MELP]. ("LPC' stands for "Linear-Predictive Coding",
and "CELP" stands for "Code-Excited Linear Prediction".) MELP was
further enhanced and subsequently adopted by NATO as MELPe for use by
its nenbers and Partnership for Peace countries for nmilitary and

ot her governnmental comunications [ MELPE]. The MELP speech coder

al gorithm was devel oped by Atlanta Signal Processing (ASPlI), Texas
Instrunments (Tl), Signal Com (now Mcrosoft), and Thal es
Conmruni cati ons, with noise preprocessor contributions from AT&T,
under contract with NSA/DOD as international NATO Standard

STANAG 4591 [ MELPE].

Commercial/civilian applications have arisen because of the
|lowbitrate property of MELPe with its (relatively) high
intelligibility. As such, MELPe is being used in a variety of wred
and radi o conmmuni cati ons systens. Voice over IP (VolP) / SIP systens
need to transport MELPe w thout decoding and re-encoding in order to
preserve its intelligibility. Hence, it is desirable and necessary
to define the proper payload fornmatti ng and use conventions of MELPe
in RTP payl oads.

The MELPe codec [ MELPE] supports three different vocoder bitrates:
2400, 1200, and 600 bps. The basic 2400 bps bitrate vocoder uses a
22.5 ms frame of speech consisting of 180 8000-Hz, 16-bit speech
sanples. The 1200 and 600 bps bitrate vocoders each use three and
four 22.5 ms franes of speech, respectively. These reduced-bitrate
vocoders internally use nultiple 2400 bps paraneter sets with further
processing to strategically renove redundancy. The payl oad sizes for
each of the bitrates are 54, 81, and 54 bits for the 2400, 1200, and
600 bps frames, respectively. Dynamic bitrate switching is permtted
but only if supported by both endpoints.

The MELPe al gorithm di stingui shes between voi ced and unvoi ced speech
and encodes each differently. Unvoiced speech can be coded with
fewer information bits for the same quality. Forward error
correction (FEC) is applied to the 2400 bps codec unvoi ced speech for
better protection of the subtle differences in signal reconstruction
The lower-bitrate coders do not allocate any bits for FEC and rely on
strong error protection and correction in the communications channel
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Confort noise handling for MELPe follows the procedures in Appendix B
of SCIP-210 [SCIP210]. After Voice Activity Detection (VAD)

no |l onger indicates the presence of speech/voice, a mninmmof two
confort noise vocoder franmes (serving as a grace period) are to be
transmtted. The contents of the confort noise frames are descri bed
in the next section

Packet | oss conceal ment (PLC) exploits the FEC (and, nore precisely,
any conbination of two set bits in the pitch/voicing parameter) of
the 2400 bps speech coder. The pitch/voicing paraneter has a sparse
set of permitted values. A value of zero indicates a non-voiced
frane. At least three bits are set for all valid pitch paraneters
The PLC erasure indication utilizes any errored/erasure encodi ngs of
the pitch/voicing paranmeter with exactly two set bits, as described
bel ow.

3. Payl oad For mat

The MELPe codec uses 22.5, 67.5, or 90 ns franes with a sanpling rate
clock of 8 kHz, so the RTP timestanp MJST be in units of 1/8000 of a
second.

The RTP payl oad for MELPe has the format shown in Figure 1. No
addi ti onal header specific to this payload format is needed. This
format is intended for situations where the sender and the receiver
send one or nore codec data frames per packet.
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Figure 1: Packet Format Di agram

The RTP header of the packetized encoded MELPe speech has the
expected val ues as described in [ RFC3550]. The usage of the Mbit
SHOULD be as specified in the applicable RTP profile -- for exanple,
[ RFC3551], where [RFC3551] specifies that if the sender does not
suppress silence (i.e., sends a frane on every frame interval), the
Mbit will always be zero. When nore than one codec data frame is
present in a single RTP packet, the tinestanp is, as always, that of
the ol dest data frane represented in the RTP packet.
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The assi gnment of an RTP payl oad type for this new packet format is
out side the scope of this docunent and will not be specified here.

It is expected that the RTP profile for a particul ar class of
applications will assign a payload type for this encoding, or if that
is not done, then a payload type in the dynanmi c range shall be chosen
by the sender.

3. 1. MELPe Bitstream Definitions

The total nunber of bits used to describe one frame of 2400 bps
speech is 54, which fits in 7 octets (with two unused bits). For
1200 bps speech, the total nunber of bits used is 81, which fits in
11 octets (with seven unused bits). For 600 bps speech, the total
nunber of bits used is 54, which fits in 7 octets (with two unused
bits). Unused bits, shown bel ow as RSVA, RSVB, etc., are coded as
described in Section 3.3 in support of dynamic bitrate swi tching.

In the MELPe bitstreamdefinitions, the nost significant bits are
considered priority bits. The intention was that these bits receive
greater protection in the underlying comunications channel. For IP
net wor ks, such additional protection is irrelevant. However, for the
conveni ence of interoperable gateway devices, the bitstreams will be
presented identically in I P networks.
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3.1.1. 2400 bps Bitstream Structure

According to Table 3 of [MELPE],
order (for clarity, the bit priority is not shown)
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Voi ced | Unvoi ced
............. .

g20 | g20

BPO | FEC10

PO | PO

LSF20 | LSF20

LSF30 | LSF30

g23 | g23

g24 | g24

LSF35 | LSF35
_____________ o e e e e e e o - -

g21 | g21

g22 | g22

P4 | P4

LSF34 | LSF34

P5 | P5

P1 | P1

P2 | P2

LSF40 | LSF40
............. .

P6 | P6

LSF10 | LSF10

LSF16 | LSF16

LSF45 | LSF45

P3 | P3

LSF15 | LSF15

LSF14 | LSF14

LSF25 | LSF25
_____________ o e e e e e e o - -

BP3 | FEC13

LSF13 | LSF13

LSF12 | LSF12

LSF24 | LSF24

LSF44 | LSF44

FMD | FEC40

LSF11 | LSF11

LSF23 | LSF23

St andards Track

MELPe Codec

March 2017

the 2400 bps MELPe bit transm ssion

is as foll ows:
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S S S +
| B33 | Fwmr | FEC22 |
| B_34 | FNMB | FEC21 |
| B_35 | FNMB | FEC20 |
| B 36 | gll | gll |
| B 37 | gl0 | gl0 |
| B 38 | BP2 | FEC12 |
| B39 | BP1 | FEC11 |
| B_40 | LSF21 | LSF21 |
S SRR S S +
| B_41 | LSF33 | LSF33 |
| B 42 | LSF22 | LSF22 |
| B 43 | LSF32 | LSF32 |
| B 44 | LSF31 | LSF31 |
| B_45 | LSF43 | LSF43 |
| B_46 | LSF42 | LSF42 |
| B_47 | AF | FECA2 |
| B 48 | LSF41 | LSF41 |
S S S +
| B_49 | Fva | FEC32 |
| B_50 | FVB | FEC31 |
| B_51 | Fve | FEC30 |
| B_52 | FML | FEC41 |
| B_53 | gl2 | gl2 |
| B 54 | SYNC | SYNC |
Fomm e - o - o m e e e oo - o m e e e oo - +
Not es:

g = Gin

BP = Bandpass Voi cing

P = Pi tch/ Voicing

LSF = Line Spectral Frequencies

FEC = Forward Error Correction Parity Bits
FM = Fourier Magnitudes

AF = Aperiodic Fl ag

B 01 = least significant bit of data set

Table 1: Bitstream Definition for MELPe 2400 bps
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The 2400 bps MELPe RTP payload is constructed as per Figure 2. Note
that bit B 01 is placed in the least significant bit (LSB) of the
first byte with all other bits in sequence. Wen filling octets, the
| east significant bits of the seventh octet are filled with bits B 49
to B 54, respectively.

Figure 2: Packed MELPe 2400 bps Payl oad Cctets
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3.1.2. 1200 bps Bitstream Structure

According to Tables D-9a and D-9b of [MELPE], the 1200 bps MELPe bit
transm ssion order is as follows:

S . . +
| Bit | Modes 1-4 | Mode 5 |
| | (Voiced) | (Unvoiced) |
Fomm oo S S +
| B_01 | Syn | Syn |
| BO2 | Pitch&UWO | Pitch&UW0 |
| BO03 | Pitch&Uvl | Pitch&Uvl |
| B 04 | Pitch&U2 | Pitch&Uv2 |
| BO5 | Pitch&U3 | Pitch&UW3 |
| BO0O6 | Pitch&uv4 | Pitch&Uv4 |
| BO7 | Pitch&UW5 | Pitch&UW5 |
| BO08 | Pitch&U6 | Pitch&UVE |
S . . +
| B_09 | Pitch&Uv7 | Pitch&UV7 |
| B10 | Pitch&UW8 | Pitch&UV8 |
| B11 | Pitch&UV9 | Pitch&UW9 |
| B_12 | Pitch&UW10 | Pitch&UW10 |
| B_13 | Pitch&UVll | Pitch&Uvll |
| B_14 | LSPO | LSPO |
| B_15 | LSP1 | LSP1 |
| B 16 | LSP2 | LSP2 |
Fomm oo S S +
| B 17 | LSP3 | LSP3 |
| B_18 | LSP4 | LSP4 |
| B_19 | LSP5 | LSP5 |
| B_20 | LSP6 | LSP6 |
| B.21 | LSP7 | LSP7 |
| B_22 | LSP8 | LSP8 |
| B_23 | LSP9 | LSP9 |
| B 24 | LSP10 | LSP10 |
S . . +
| B_25 | LSP11 | LSP11 |
| B_26 | LSP12 | LSP12 |
| B 27 | LSP13 | LSP13 |
| B_28 | LSP14 | LSP14 |
| B_29 | LSP15 | LSP15 |
| B30 | LSP16 | LSP16 |
| B.31 | LSP17 | LSP17 |
| B32 | LSP18 | LSP18 |

Denj anenko & Satterl ee
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Fome e oo oo +
| B33 | LSP19 | LSP19 |
| B34 | LSP20 | LSP20 |
| B35 | LSP21 | LSP21 |
| B36 | LSP22 | LSP22 |
| B37 | LSP23 | LSP23 |
| B 38 | LSP24 | LSP24 |
| B39 | LSP25 | LSP25 |
| B 40 | LSP26 | LSP26 |
Fommee oo o e e oo o e e oo +
| B41 | LSP27 | GAINO |
| B 42 | LSP28 | GAINL |
| B 43 | LSP29 | GAIN2 |
| B 44 | LSP30 | GAIN3 |
| B 45 | LSP31 | AN |
| B 46 | LSP32 | GAIN5 |
| B 47 | LSP33 | GAING |
| B 48 | LSP34 | GAIN7 |
fome e o e oo o e oo +
| B.49 | LSP35 | GAINS |
| B50 | LSP36 | GAINO |
| B51 | LSP37 | |
| B52 | LSP38 | |
| B53 | LSP39 | |
| B54 | LSP40 | |
| B55 | LSP41 | |
| B56 | LSP42 | |
Fommee oo o e e oo o e e oo +
| B57 | GAINO | |
| B58 | GAINL | |
| B59 | GAIN2 | |
| B60 | GAIN3 | |
| B61 | ANV | |
| B62 | GAIN5 | |
| B63 | GAING | |
| B 64 | GAIN7 | |
fome e o e oo o e oo +
| B.65 | GAINS | |
| B66 | GAINO | |
| B67 | BPO | |
| B68 | BP1 | |
| B69 | BP2 | |
| B70 | BP3 | |
| B 71 | BP4 | |
| B 72 | BP5 | |
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Not es:

BP = Bandpass voi ci ng

FS = Fourier nagnitudes

LSP = Line Spectral Pair
Pitch&UV = Pitch/voicing
GAIN = Gain

JITTER = Jitter

MELPe Codec March 2017

Table 2: BitstreamDefinition for MELPe 1200 bps

The 1200 bps MELPe RTP payload is constructed as per Figure 3. Note
that bit B 01 is placed in the LSB of the first byte with all other
bits in sequence. When filling octets,

the el eventh octet

Denj anenko & Satterl ee

the least significant bit of

is filled with bit B 81.
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Figure 3: Packed MELPe 1200 bps Payl oad Cctets
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3.1.3. 600 bps Bitstream Structure

According to Tables M 11 to M 16 of [MELPE], the 600 bps MELPe bit
transm ssion order (for clarity, the bit priority is not shown) is as

fol |l ows:
Fommmaa - . . . +
| Bit | Mbde 1 | Mbde 2 | Mbde 3 |
| | (Voi ced) | (voiced) | (voiced) |
S SRR S S S +
| B.O1 | Voicing (4) | Voicing (4) | Voicing (4) |
| B_02 | Voicing (3) | Voicing (3) | Voicing (3) |
| B_03 | Voicing (2) | Voicing (2) | Voicing (2) |
| B.O04 | Voicing (1) | Voicing (1) | Voicing (1) |
| B.O5 | Voicing (0) | Voicing (0) | Voicing (0) |
| BO6 | LSF1,4 (3) | Pitch (5 | Pitch (7) |
| BO7 | LSF1,4 (2) | Pitch (4) | Pitch (6) |
| B 08 | LSF1,4 (1) | Pitch (3) | Pitch (5 |
Fommmaa - Fomemeaeeeaas I I +
| BO0O9 | LSF1,4 (0) | Pitch (2) | Pitch (4) |
| B10 | LSF1,3 (3) | Pitch (1) | Pitch (3) |
| B 11 | LSF1,3 (2) | Pitch (0) | Pitch (2) |
| B12 | LSF1,3 (1) | LSF1,3 (3) | Pitch (1) |
| B_13 | LSF1,3 (0) | LSF1,3 (2) | Pitch (0) |
| B 14 | LSF1,2 (3) | LSF1,3 (1) | LSF1,3 (3) |
| B15 | LSF1,2 (2) | LSF1,3 (0) | LSF1,3 (2) |
| B16 | LSF1,2 (1) | LSF1,2 (3) | LSF1,3 (1) |
S SRR S S S +
| B17 | LSF1,2 (0) | LSF1,2 (2) | LSF1,3 (0) |
| B 18 | LSF1,1 (5) | LSF1,2 (1) | LSF1,2 (4) |
| B19 | LSF1,1 (4) | LSF1,2 (0) | LSF1,2 (3) |
| B20 | LSF1,1 (3) | LSF1,1 (5) | LSF1,2 (2) |
| B21 | LSF1,1 (2) | LSF1,1 (4) | LSF1,2 (1) |
| B22 | LSF1,1 (1) | LSF1,1 (3) | LSF1,2 (0) |
| B23 | LSF1,1 (0) | LSF1,1 (2) | LSF1,1 (5) |
| B 24 | LSF2,4 (3) | LSF1,1 (1) | LSF1,1 (4) |
Fommmaa - Fomemeaeeeaas Fomemeaeeeaas Fomemeaeeeaas +
| B25 | LSF2,4 (2) | LSF1,1 (0) | LSF1,1 (3) |
| B26 | LSF2,4 (1) | LSF2,3 (3) | LSF1,1 (2) |
| B27 | LSF2,4 (0) | LSF2,3 (2) | LSF1,1 (1) |
| B28 | LSF2,3 (3) | LSF2,3 (1) | LSF1,1 (0) |
| B29 | LSF2,3 (2) | LSF2,3 (0) | LSF2,3 (3) |
| B30 | LSF2,3 (1) | LSF2,2 (4) | LSF2,3 (2) |
| B31 | LSF2,3 (0) | LSF2,2 (3) | LSF2,3 (1) |
| B32 | LSF2,2 (3) | LSF2,2 (2) | LSF2,3 (0) |
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Fome e oo oo oo
| B33 | LSF2,2(2) | LSF2,2 (1) | LSF2,2 (4)
| B34 | LSF2,2 (1) | LSF2,2 (0) | LSF2, 2 (3)
| B35 | LSF2,2 (0) | LSF2,1 (6) | LSF2,2 (2)
| B36 | LSF2,1(5) | LSF2,1 (5) | LSF2, 2 (1)
| B37 | LSF2,1(4) | LSF2,1(4) | LSF2,2 (0)
| B38 | LSF2,1(3) | LSF2,1(3) | LSF2,1(5)
| B39 | LSF2,1(2) | LSF2,1(2) | LSF2,1 (4)
| B40 | LSF2,1 (1) | LSF2,1 (1) | LSF2,1 (3)
Fommee oo o e - o e - o e -
| B41 | LSF2,1(0) | LSF2,1 (0) | LSF2,1 (2
| B42 | GAIN2 (5) | GAIN2 (5) | LSF2,1 (1)
| B43 | GAIN2 (4) | GAIN2 (4) | LSF2,1 (0)
| B44 | GAIN2 (3) | GAIN2 (3) | GAIN2 (4)
| B45 | GAIN2 (2) | GAIN2 (2) | GAIN2 (3)
| B46 | GAIN2 (1) | GAIN2 (1) | GAIN2 (2)
| B47 | GAN2 (0) | GAIN2 (0) | GAIN2 (1)
| B48 | GAINL (6) | GAINL (6) | GAIN2 (0)
fome e e e e e e e
| B49 | GAINL (5 | GAINL (5) | GAINL (5)
| B50 | GAINL (4) | GAINL (4) | GAINL (4)
| B51 | GAINL (3) | GAINL (3) | GAINL (3)
| B52 | GAINL (2) | GAINL (2) | GAINL (2)
| B53 | GAINL (1) | GAINL (1) | GAINL (1)
| B54 | GAINL (0) | GAINL (0) | GAINL (0)
Fommm e Fommm e Fommm e Fommm e

Table 3: BitstreamDefinition for MELPe 600 bps (Part

Denj anenko & Satterl ee
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Fommmaa - . . . +
| Bit | Mode 4 | Mbde 5 | Mbde 6 |
| | (voiced) | (voiced) | (voiced) |
S SRR S S S +
| B.O1 | Voicing (4) | Voicing (4) | Voicing (4) |
| B_02 | Voicing (3) | Voicing (3) | Voicing (3) |
| B_03 | Voicing (2) | Voicing (2) | Voicing (2) |
| B.O04 | Voicing (1) | Voicing (1) | Voicing (1) |
| B.O5 | Voicing (0) | Voicing (0) | Voicing (0) |
| BO6 | Pitch (7) | Pitch (7) | Pitch (7) |
| BO7 | Pitch (6) | Pitch (6) | Pitch (6) |
| BO08 | Pitch (5 | Pitch (5 | Pitch (5 |
Fommmaa - I I I +
| BO09 | Pitch (4 | Pitch (4) | Pitch (4) |
| B10 | Pitch (3) | Pitch (3) | Pitch (3) |
| B11 | Pitch (2) | Pitch (2) | Pitch (2) |
| B.12 | Pitch (1) | Pitch (1) | Pitch (1) |
| B.13 | FPitch (0) | Pitch (0) | Pitch (0) |
| B 14 | LSF1,3 (3) | LSF1,3 (3) | LSF1,3 (3) |
| B15 | LSF1,3 (2) | LSF1,3 (2) | LSF1,3 (2) |
| B16 | LSF1,3 (1) | LSF1,3 (1) | LSF1,3 (1) |
S SRR S S S +
| B17 | LSF1,3 (0) | LSF1,3 (0) | LSF1,3 (0) |
| B 18 | LSF1,2 (3) | LSF1,2 (4) | LSF1,2 (4) |
| B_19 | LSF1,2 (2) | LSF1,2 (3) | LSF1,2 (3) |
| B20 | LSF1,2 (1) | LSF1,2 (2) | LSF1,2 (2) |
| B21 | LSF1,2 (0) | LSF1,2 (1) | LSF1,2 (1) |
| B22 | LSF1,1 (5) | LSF1,2 (0) | LSF1,2 (0) |
| B23 | LSF1,1 (4) | LSF1,1 (5) | LSF1,1 (6) |
| B24 | LSF1,1 (3) | LSF1,1 (4) | LSF1,1 (5) |
Fommmaa - Fomemeaeeeaas Fomemeaeeeaas Fomemeaeeeaas +
| B25 | LSF1,1 (2) | LSF1,1 (3) | LSF1,1 (4) |
| B26 | LSF1,1 (1) | LSF1,1 (2) | LSF1,1 (3) |
| B27 | LSF1,1 (0) | LSF1,1 (1) | LSF1,1 (2) |
| B28 | LSF2,3 (3) | LSF1,1 (0) | LSF1,1 (1) |
| B29 | LSF2,3 (2) | LSF2,3 (3) | LSF1,1 (0) |
| B30 | LSF2,3 (1) | LSF2,3 (2) | LSF2,3 (3) |
| B31 | LSF2,3 (0) | LSF2,3 (1) | LSF2,3 (2) |
| B32 | LSF2,2 (4) | LSF2,3 (0) | LSF2,3 (1) |
S SRR S S S +
| B33 | LSF2,2 (3) | LSF2,2 (4) | LSF2,3 (0) |
| B34 | LSF2,2 (2) | LSF2,2 (3) | LSF2,2 (4) |
| B35 | LSF2,2 (1) | LSF2,2 (2) | LSF2,2 (3) |
| B36 | LSF2,2 (0) | LSF2,2 (1) | LSF2,2 (2) |
| B37 | LSF2,1 (6) | LSF2,2 (0) | LSF2,2 (1) |
| B38 | LSF2,1 (5) | LSF2,1 (5) | LSF2,2 (0) |
| B39 | LSF2,1 (4) | LSF2,1 (4) | LSF2,1 (6) |
| B40 | LSF2,1 (3) | LSF2,1 (3) | LSF2,1(5) |
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R R R R +
| B41 | LSF2,1 (2) | LSF2,1 (2) | LSF2,1 (4) |
| B42 | LSF2,1 (1) | LSF2,1 (1) | LSF2,1 (3) |
| B_43 | LSF2,1 (0) | LSF2,1 (0) | LSF2,1 (2) |
| B44 | GAIN2 (4 | GAN2 (4) | LSF2,1 (1)
| B45 | GAIN2 (3) | GAN2 (3) | LSF2,1 (0
| B46 | GAIN2 (2) | GAIN2 (2) | GAINL (8)
| B47 | GAIN2 (1) | GAIN2 (1) | GAINL (7) |
| B48 | GAIN2 (0) | GAIN2 (0) | GAINL (6)

S SRR S S S +
| B49 | GAINL (5 | GAIN1 (5 | GAINL (5 |
| B50 | GAINL (4) | GAINL (4 | GAINL (4) |
| B51 | GAINL (3) | GAIN1 (3) | GAINL (3)

| B52 | GAINL (2) | GAINL (2) | GAINL (2) |
| B53 | GAINL (1) | GAIN1 (1) | GAINL (1) |
| BS54 | GAINL (0) | GAIN1 (0) | GAINL (0)
T Fom e o - Fom e o - Fom e o - +
Not es:

xxxx (0) =1L
XXXX (nbits-

SB
1) =

M5B

LSF1,p = MBVQ* index of the pth stage of the two first frames
LSF2,p = M5VQ i ndex of the pth stage of the two |last franes

GAI N1
GAI N2

Table 4: Bitstream Definition for

VQ M5VQ i ndex of the 1st stage
MBVQ i ndex of the 2nd stage
* MBVQ Milti-Stage Vector Quanti zer

MELPe 600 bps (Part 2 of 2)

The 600 bps MELPe RTP payload is constructed as per Figure 4. Note
that bit B 01 is placed in the LSB of the first byte with all other

bits in sequence.

When filling octets,

the least significant bits of

the seventh octet are filled with bits B 49 to B 54, respectively.

Denj anenko & Satterl ee

St andards Track
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S
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Figure 4: Packed MELPe 600 bps Payl oad Cctets
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3. 2. MELPe Confort Noise Bitstream Definition

Table B.3-1 of [SCI P210] identifies the usage of MELPe 2400 bps
paraneters for conveying confort noise

o m e e e e e e e e e ee e o a o +
| MELPe Par anet er | Val ue |
o mm e e e e e e e e e e e e e e e e me e mamo S +
| mevq[O] (line spectral frequencies) | * See Note |
oo e e e e e e e e e e oo oo oo oo - - +
| mevqg[1] (line spectral frequencies) | Set to O |
o m e e e e e e e e e ee e o a o +
| mevq[2] (line spectral frequencies) | Set to O |
o mm e e e e e e e e e e e e e e e e me e mamo S +
| mevq[3] (line spectral frequencies) | Set to O |
oo e e e e e e e e e e oo oo oo oo - - +
| fsvg (Fourier magnitudes) | Set to O |
o m e e e e e e e e e ee e o a o +
| gai n[0] (gain) | Set to O |
o mm e e e e e e e e e e e e e e e e me e mamo S +
| gai n[1] (gain) | * See Note |
oo e e e e e e e e e e oo oo oo oo - - +
| pitch (pitch - overall voicing) | Set to O |
o m e e e e e e e e e ee e o a o +
| bp (bandpass voi ci ng) | Set to O |
o mm e e e e e e e e e e e e e e e e me e mamo S +
| af (aperiodic flag/jitter index) | Set to O |
oo e e e e e e e e e e oo oo oo oo - - +
| sync (sync bit) | Alternations |
o m e e e e e e e e e ee e o a o +
Not e:

The default values are the respective paraneters fromthe
vocoder frane. It is preferred that nsvqg[0] and gai n[1]

val ues be derived by averagi ng the respective paraneter from
some nunber of previous vocoder franes.

Tabl e 5: MELPe Confort Noi se Paraneters
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Si nce

(al so known as g2x or the second gain) ar

order is used for confort noise franes:
oo o S
| Bit | Conf ort
| | Noi se
Fomm e - o - N
| B_01 | LSF10
| B_02 | LSF11
| B_03 | LSF12
| B.O04 | LSF13
| B_05 | LSF14
| B 06 | LSF15
| B_O07 | LSF16
| B_08 | g20
oo o R
| B_09 | g21
| B_10 | g22
| B 11 | g23
| B_ 12 | g24
| B_13 | SYNC
oo o U
Not es:
g = @Gin

LSF = Line Spectral

Table 6: Bitstream Definition for

The confort noise MELPe RTP payload is constructed as per

MELPe Codec

March 2017

only msvq[0] (also known as LSF1x or the first LSP) and gain[ 1]

e needed, the follow ng bit

Fr equenci es

MELPe Confort Noi se

Fi gure 5.

Note that bit B 01 is placed in the LSB of the first byte with all

other bits in sequence. Wen filling oct
bits of the second octet are filled with
respectively.

ets, the least significant
bits B_09 to B_13,

Figure 5: Packed MELPe Confort Noi se Payl oad Cctets
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3. 3.

Mul tiple MELPe Franes in an RTP Packet

A MELPe RTP packet MAY consist of zero or nore MELPe coder franes
foll owed by zero or one MELPe confort noise franme. The presence of a
confort noise frane can be deduced fromthe | ength of the RTP

payl oad. The default packetization interval is one coder frane
(22.5, 67.5, or 90 nms) according to the coder bitrate (2400, 1200, or
600 bps). For sone applications, a |onger packetization interval is
used to reduce the packet rate.

A MELPe RTP packet conprised of no coder frame and no confort noise
franme MAY be used periodically by an endpoint to indicate
connectivity by an otherwi se idle receiver.

Al MELPe franes in a single RTP packet MJST be of the sane coder
bitrate. Dynamic switching between frame rates within an RTP stream
may be permitted (if supported by both ends) provided that reserved
bits RSVA, RSVB, and RSVC are filled in as per Table 7. |If bitrate
switching is not used, all reserved bits are encoded as 0 by the
sender and ignored by the receiver. (RSVO is always coded as 0.)

o e e oo oo oo [ [ [ +
| Coder Bitrate | RSVA | RSVB | RSVC |
o e e oo s Fomm o - Fomm o - Fomm o - +
| 2400 bps | 0 | 0 | NA|
o e e e e m e i oo F-- - - - F-- - - - F-- - - - +
| 1200 bps | 1 | 0 | 0 |
o e e oo oo oo [ [ [ +
| 600 bps | 0 | 1 | NA|
o e e oo s Fomm o - Fomm o - Fomm o - +
| Confort Noise | 1 | 0 | 1 |
o e e e e m e i oo F-- - - - F-- - - - F-- - - - +
| (reserved) | 1 | 1 | NA|
o e e oo oo oo [ [ [ +

Table 7: MELPe Frane Bitrate Indicators

It is inportant to observe that senders have the foll owi ng additional
restrictions:

Senders SHOULD NOT include nmore MELPe franes in a single RTP packet
than will fit in the MIU of the RTP transport protocol.

Frames MUST NOT be split between RTP packets.
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It is RECOWENDED t hat the nunber of frames contained within an RTP
packet be consistent with the application. For exanple, in tel ephony
and other real-tine applications where delay is inportant, then the
fewer frames per packet the |ower the delay, whereas for bandw dth-
constrained Iinks or delay-insensitive stream ng nmessagi ng
applications, nore than one franme per packet or nany franes per
packet woul d be acceptabl e.

I nformation describing the nunber of frames contained in an RTP
packet is not transmtted as part of the RTP payload. The way to
determ ne the nunber of MELPe frames is to count the total nunber of
octets within the RTP packet and divide the octet count by the numnber
of expected octets per frame (7/11/7 per frame). Keep in mnd that
the last frame can be a 2-octet confort noise frane.

When dynam c bitrate switching is used and nore than one frane is
contained in an RTP packet, it is RECOWENDED that the coder rate
bits contained in the last octet be inspected. |If the coder bitrate
i ndicates a confort noise frame, then inspect the third | ast octet
for the coder bitrate. Al MELPe speech frames in the RTP packet
will be of this sane coder bitrate.

3.4. Congestion Control Considerations

The target bitrate of MELPe can be adjusted at any point in tinmg,
thus all owi ng congesti on managenent. Furthernore, the amount of
encoded speech or audio data encoded in a single packet can be used
for congestion control, since the packet rate is inversely
proportional to the packet duration. A |ower packet transm ssion
rate reduces the anmount of header overhead but at the same tine

i ncreases latency and |l oss sensitivity, so it ought to be used

with care.

Si nce UDP does not provide congestion control, applications that use
RTP over UDP SHOULD i npl emrent their own congestion control above the
UDP | ayer [ RFC8085] and MAY also inplenent a transport circuit
breaker [RFC3083]. Work in the RMCAT working group [ RMCAT] describes
the interactions and conceptual interfaces necessary between the
appl i cation conponents that relate to congestion control, including
the RTP | ayer, the higher-level nedia codec control |ayer, and the

| ower-1level transport interface, as well as conponents dedicated to
congestion control functions.
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4. Payl oad Format Paraneters

This RTP payload format is identified using the MELP, MELP2400,
MELP1200, and MELP600 nedi a subtypes, which are registered in
accordance with RFC 4855 [ RFC4855] and per the nedia type
registration tenplate from RFC 6838 [ RFC6838] .

4.1. Media Type Definitions

Type name: audio

Subt ype nanes: MELP, MELP2400, MELP1200, and MELP600

Requi red paraneters: N A

Opti onal paraneters:

ptinme: the reconmended I ength of time (in milliseconds)

represented by the nmedia in a packet. It SHALL use the nearest
rounded-up ns integer packet duration. For MELPe, this
corresponds to the followi ng values: 23, 45, 68, 90, 112, 135,
156, and 180. Larger values can be used as |long as they are
properly rounded. See Section 6 of RFC 4566 [ RFC4566].

maxptime: the maxi mumlength of time (in nmilliseconds) that can be

encapsul ated in a packet. It SHALL use the nearest rounded-up
ms i nteger packet duration. For MELPe, this corresponds to the
fol l owi ng val ues: 23, 45, 68, 90, 112, 135, 156, and 180.

Larger values can be used as long as they are properly rounded.
See Section 6 of RFC 4566 [ RFC4566] .

bitrate: specifies the MELPe coder bitrates supported. Possible

val ues are a comm-separated list of rates fromthe foll ow ng
set: 2400, 1200, 600. The nmodes are listed in order of
preference; first is preferred. |If "bitrate" is not present,
the fixed coder bitrate of 2400 MJUST be used. The alternate
encodi ng nanes "MELP2400", "MELP1200", and "MELP600" directly
specify the MELPe coder bitrates of 2400, 1200, and 600,
respectively, and MJST NOT specify a "bitrate" paraneter

Encodi ng consi derations: These nedia subtypes are framed and binary;
see Section 4.8 of RFC 6838 [ RFC6838].

Security considerations: Please see Section 8 of RFC 8130.

Interoperability considerations: Early inplenentations used MELP2400,
MELP1200, and MELP600 to indicate both coder type and bitrate.
These nedi a type nanes should be preserved with this registration
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Publ i shed specification: NA
Applications that use this nedia type: NA
Addi tional information: NA
Deprecated alias names for this type: NA
Magi ¢ nunber(s): NA
File extension(s): NA
Maci ntosh file type code(s): NA
Person & email address to contact for further information:
Vi ct or Denj anenko, Ph.D
VOCAL Technol ogi es, Ltd.
520 Lee Entrance, Suite 202
Buf fal o, NY 14228
United States of Anerica
Phone: +1 716 688 4675
Enmai | : victor.denj anenko@ocal . com
I nt ended usage: COVMON
Restrictions on usage: These nedi a subtypes depend on RTP fram ng and
hence are only defined for transfer via RTP [ RFC3550]. Transport
within other fram ng protocols is not defined at this tine.

Aut hor: Vi ctor Denjanenko

Change controller: |ETF Payl oad working group del egated fromthe
| ESG

Provi sional registration? (standards tree only): No
.2. Mapping to SDP
The mappi ng of the above-defined payl oad format nedi a subtypes and

their paranmeters SHALL be done according to Section 3 of RFC 4855
[ RFC4855] .
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The information carried in the nmedia type specification has a
specific mapping to fields in the Session Description Protocol (SDP)

[ RFC4566], which is commonly used to describe RTP sessions. Wen SDP
is used to specify sessions enploying the MELPe codec, the mapping is
as foll ows:

o The nedia type ("audi 0") goes in SDP "m" as the nedi a nane.

o The medi a subtype (payload format nanme) goes in SDP "a=rtpmap" as
t he encodi ng nane.

0 The paraneter "bitrate" goes in the SDP "a=fmtp" attribute by
copying it as a "bitrate=<val ue>" string.

0 The paraneters "ptine" and "maxptine" go in the SDP "a=pti ne" and
"a=maxptinme" attributes, respectively.

When conveying information via SDP, the encoding name SHALL be " MELP"
(the sane as the nedia subtype). Alternate encodi ng name subtypes
"MELP2400", "MELP1200", and "MELP600" MAY be used in SDP to convey
fixed-bitrate configurations. These nanes have been observed in
systens that do not support dynamic franme-rate switching as specified
by the paraneter "bitrate".

An exanpl e of the nmedia representation in SDP for describing MELPe
m ght be:

mraudi o 49120 RTP/ AVP 97
a=rt pmap: 97 MELP/ 8000

An alternative exanple of SDP for fixed-bitrate configurations
m ght be:

mraudi 0 49120 RTP/ AVP 97 100 101 102
a=rt pmap: 97 MELP/ 8000

a=rt pmap: 100 MELP2400/ 8000
a=rtpmap: 101 MELP1200/ 8000
a=rtpmap: 102 MELP600/ 8000

If the encoding nane "MELP" is received without a "bitrate"
paraneter, the fixed coder bitrate of 2400 MUST be used. The

al ternate encodi ng nanes " MELP2400", "MELP1200", and " MELP600"
directly specify the MELPe coder bitrates of 2400, 1200, and 600,
respectively, and MJUST NOT specify a "bitrate" paraneter.

The optional nedia type parameter "bitrate", when present, MJST be

included in the "a=fntp" attribute in the SDP, expressed as a nedia
type string in the formof a sem col on-separated |ist of
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4. 3.

4. 4.

par anet er=val ue pairs. The string "value" can be one or nore of
2400, 1200, and 600, separated by conmas (where each bitrate val ue
i ndi cates the corresponding MELPe coder). An exanple of the nedia
representation in SDP for describing MELPe when all three coder
bitrates are supported m ght be:

mFaudi o 49120 RTP/ AVP 97
a=rtpmap: 97 MELP/ 8000
a=f mt p: 97 bi trat e=2400, 600, 1200

Paraneter "ptinme" cannot be used for the purpose of specifying the
MELPe operating node, due to the fact that for certain values it wll
be inmpossible to distinguish which node is about to be used (e.g.,
when ptine=68, it would be inpossible to distinguish if the packet is
carrying one frame of 67.5 ns or three frames of 22.5 ns).

Note that the payload format (encoding) nanmes are commonly shown in
upper case. Media subtypes are commonly shown in | ower case. These
nanes are case insensitive in both places. Simlarly, paraneter
nanes are case insensitive in both the nmedia subtype name and the
default mapping to the SDP a=fntp attribute.

Decl arati ve SDP Consi der ati ons

For declarative nedia, the "bitrate" paraneter specifies the possible
bitrates used by the sender. Miltiple MELPe rtpmap val ues (such as
97, 98, and 99, as used bel ow) MAY be used to convey MELPe-coded
voice at different bitrates. The receiver can then select an
appropriate MELPe codec by using 97, 98, or 99

mraudi o 49120 RTP/ AVP 97 98 99
a=rtpmap: 97 MELP/ 8000
a=fm p: 97 bitrate=2400

a=rt pnmap: 98 MELP/ 8000
a=fmp: 98 bitrate=1200

a=rt pmap: 99 MELP/ 8000
a=fm p: 99 bitrate=600

O fer/ Answer SDP Consi derations

In the Ofer/Answer nodel [RFC3264], "bitrate" is a bidirectiona
paraneter. Both sides MJST use a conmon "bitrate" value or val ues
The offer contains the bitrates supported by the offerer, listed in
its preferred order. The answerer MAY agree to any bitrate by
listing the bitrate first in the answerer response. Additionally,
the answerer MAY indicate any secondary bitrate or bitrates that it
supports. The initial bitrate used by both parties SHALL be the
first bitrate specified in the answerer response.
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For exanple, if offerer bitrates are "2400, 600" and answer bitrates
are "600,2400", the initial bitrate is 600. |If other bitrates are
provi ded by the answerer, any comon bitrate between the offer and
answer MAY be used at any time in the future. Activation of these
other comon bitrates is beyond the scope of this docunent.

The use of a lower bitrate is often inportant for a case such as when
one endpoint utilizes a bandw dth-constrained Iink (e.g., 1200 bps
radio link or slower), where only the | ower coder bitrate will work.

5. Discontinuous Transni ssi ons

A primary application of MELPe is for radi o conmuni cations of voice
conversations, and discontinuous transm ssions are normal. \Wen
MELPe is used in an I P network, MELPe RTP packet transm ssions may
cease and resune frequently. RTP synchronization source (SSRC)
sequence nunber gaps indicate |ost packets to be filled by PLC, while
abrupt | oss of RTP packets indicates intended di scontinuous
transm ssi ons.

If a MELPe coder so desires, it may send a confort noise frane as per
Appendi x B of [SCIP210] prior to ceasing transm ssion. A receiver
may optionally use confort noise during its silence periods. No SDP
negoti ati ons are required.

6. Packet Loss Conceal nment

MELPe packet | oss conceal ment (PLC) uses the special properties and
coding for the pitch/voicing parameter of the MELPe 2400 bps coder
The PLC erasure indication utilizes any of the errored encodings of a
non-voi ced frame as identified in Table 1 of [MELPE]. For the sake
of sinplicity, it is preferred that a code value of 3 for the

pi tch/voi ci ng parameter (represented by the bits P6 to PO in Table 1
of this docunent) be used. Hence, set bits PO and P1 to one and hits
P2, P3, P4, P5, and P6 to zero.

When using PLC in 1200 bps or 600 bps node, the MELPe 2400 bps
decoder is called three or four times, respectively, to cover the
| oss of a MELPe frane.

7. | ANA Consi derations
I ANA has registered MELP, MELP2400, MELP1200, and MELP600 as
specified in Section 4.1. |ANA has al so added these nedia subtypes

to the "RTP Payl oad Format nedia types" registry
(http://ww.iana. org/ assi gnments/rtp-paraneters)
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8.

9

9

Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [ RFC3550] and in any applicable RTP profile such as
RTP/ AVP [ RFC3551], RTP/ AVPF [ RFC4585], RTP/ SAVP [ RFC3711], or

RTP/ SAVPF [ RFC5124]. However, as discussed in [RFC7202], it is not
an RTP payl oad format’s responsibility to discuss or mandate what
solutions are used to neet such basic security goals as
confidentiality, integrity, and source authenticity for RTP in
general. This responsibility lies with anyone using RTP in an
application. They can find guidance on avail able security nechani sns
and i nportant considerations in [RFC7201]. Applications SHOULD use
one or nore appropriate strong security nechanisns. The rest of this
section discusses the security-inpacting properties of the payl oad
format itself.

This RTP payl oad format and the MELPe decoder do not exhibit any
significant non-uniformty in the receiver-side conputationa
compl exity for packet processing and thus are unlikely to pose a
deni al -of -service threat due to the recei pt of pathol ogical data.
Additionally, the RTP payl oad format does not contain any active
content.

Pl ease see the security considerations discussed in [ RFC6562]
regarding VAD and its effect on bitrates.
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