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and status of this protocol. Distribution of this nmeno is unlimted.

Copyri ght Notice
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents in effect on the date of
publication of this docunment (http://trustee.ietf.org/license-info).
Pl ease revi ew t hese documents carefully, as they describe your rights
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Abst ract

Speex is an open-source voi ce codec suitable for use in Vol P (Voice
over | P) type applications. This docunent describes the payl oad
format for Speex-generated bit streams within an RTP packet. Also

i ncluded here are the necessary details for the use of Speex with the
Sessi on Description Protocol (SDP).
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I ntroduction
Speex is based on the Code Excited Linear Prediction [CELP] encoding
techni que with support for either narrowband (nom nal 8 kHz),
wi deband (nominal 16 kHz), or ultra-w deband (nom nal 32 kHz). The
mai n characteristics can be summuarized as foll ows:
o Free software/open-source
o0 Integration of w deband and narrowband in the sane bit-stream
0 Wde range of bit-rates available
o Dynamic bit-rate switching and variable bit-rate (VBR)
0 Voice Activity Detection (VAD, integrated with VBR)

0 Variable conplexity

The Speex codec supports a wi de range of bit-rates from2.15 kbit/s

to 44 kbit/s. In some cases however, it may not be possible for an
i npl ementation to include support for all rates (e.g., because of
bandwi dth or RAM or CPU constraints). 1In those cases, to be

compliant with this specification, inplenentations MJST support at

| east narrowband (8 kHz) encoding and decoding at 8 kbit/s bit-rate
(narrowband node 3). Support for narrowband at 15 kbit/s (narrowband
nmode 5) i s RECOMMENDED and support for w deband at 27.8 kbit/s

(wi deband node 8) is al so RECOVWENDED. The sanpling rate MJST be 8,
16 or 32 kHz. This specification defines only single channel audio
(mono) .

Ter m nol ogy
The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC2119 [ RFC2119] and
i ndicate requirement |evels for conmpliant RTP inpl enentations.

RTP Usage for Speex
1. RTP Speex Header Fields

The RTP header is defined in the RTP specification [RFC3550]. This
section defines how fields in the RTP header are used.
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3.

Payl oad Type (PT): The assignnment of an RTP payl oad type for this
packet format is outside the scope of this document; it is
specified by the RTP profile under which this payload format is
used, or signaled dynam cally out-of-band (e.g., using SDP).

Marker (M bit: The Mbit is set to one on the first packet sent
after a silence period, during which packets have not been
transmtted contiguously.

Extension (X) bit: Defined by the RTP profile used.

Timestanp: A 32-bit word that corresponds to the sanpling instant
for the first frane in the RTP packet.

RTP Payl oad Format for Speex

The RTP payl oad for Speex has the format shown in Figure 1. No

addi tional header fields specific to this payload format are
required. For RTP-based transportation of Speex-encoded audi o, the
standard RTP header [RFC3550] is foll owed by one or nore payl oad data
bl ocks. An optional padding term nator rmay al so be used.

0 1 2 3
01234567890123456789012345678901
R et e s i o e s i i
| RTP Header |
E  aE ar o e e e e e e e o B o e e A e A s R T
| one or nore frames of Speex .... |
i i i T i I S i e s o o i i
| one or nmore frames of Speex .... | paddi ng |
R et e s i o e s i i

Figure 1: RTP Payl oad for Speex
Speex Payl oad

For the purposes of packetizing the bit streamin RTP, it is only
necessary to consider the sequence of bits as output by the Speex
encoder [SPEEX], and present the sane sequence to the decoder. The
payl oad format described here maintains this sequence.

A typical Speex frame, encoded at the maxinmumbit-rate, is
approximately 110 octets and the total number of Speex franes SHOULD
be kept less than the path MIU to prevent fragnentation. Speex
frames MUST NOT be fragnmented across nultiple RTP packets.

The Speex franmes nust be placed starting with the ol dest frane and
then continue consecutively in tine.
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An RTP packet MAY contain Speex frames of the same bit-rate or of
varying bit-rates, since the bit-rate for a frane is conveyed in-band
with the signal

The encodi ng and decodi ng al gorithm can change the bit-rate at any 20
nmsec frame boundary, with the bit-rate change notification provided
in-band with the bit stream Each frane contains both sanpling rate
(narrowband, w deband, or ultra-w deband) and "node" (bit-rate)
information in the bit stream No out-of-band notification is
required for the decoder to process changes in the bit-rate sent by

t he encoder.

The sanpling rate MJST be either 8000 Hz, 16000 Hz, or 32000 Hz.

The RTP payl oad MJST be padded to provide an integer nunber of octets
as the payload | ength. These padding bits are LSB-aligned (Least
Significant Bit) in network octet order and consist of a 0 followed
by all ones (until the end of the octet). This padding is only
required for the last frane in the packet, and only to ensure the
packet contents end on an octet boundary.

3.4. Exanpl e Speex Packet

In the exanpl e below, we have a single Speex frame with 5 bits of
padding to ensure the packet size falls on an octet boundary.

0 1 2 3
01234567890123456789012345678901
i s T S i i T S A b e ok
| RTP Header |
R e S e R e e e R = TR
| .. Speex data.. |
B i s T T i i o S o T Ji I
| .. speex data.. |01 111
e L i i T e S h th o i R S

3.5. Miltiple Speex Franmes in an RTP Packet
Bel ow i s an exanple of two Speex franmes contained within one RTP
packet. The Speex frane length in this exanple falls on an octet
boundary so there is no padding.
The Speex decoder [SPEEX] can detect the bit-rate fromthe payl oad

and is responsible for detecting the 20 nsec boundari es between each
frame.
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01234567890123456789012345678901

e i S S T i S S e e e e s e S S

| RTP Header

+=4+=+=4+=+=4+=+=4+=+=4+=+=4+=+=4+=+=4+=+=4+=+=+=+=+=+=+=+=4+=4+=+=+=

| ..speex frame 1..

T T S S T i i S S S S S S S S o

| ..speex frame 1.. | ..speex frame 2..

I S T I S S e T A S S S A

| ..speex frame 2..

T T S o A

4. | ANA Consi derati ons
Thi s docunent defines the Speex nedia type.
4.1. Media Type Registration

This section describes the nedia types and nanmes associ at ed

- - -+
I
+=+=+=+
I

+-+-+- 4

S

+- - 4o+

with this

payl oad format. The section registers the nedia types, as per RFC

4288 [ RFC4288] .

4.1.1. Registration of Media Type Audi o/ Speex
Medi a type nane: audio
Medi a subtype name: speex

Requi red paraneters:

rate: RTP tinmestanp clock rate, which is equal to the sanpling
rate in Hz. The sanpling rate MJST be either 8000, 16000, or

32000.
Opti onal paraneters:
ptime: SHOULD be a nultiple of 20 nsec [ RFC4A566]

maxptime: SHOULD be a nultiple of 20 nsec [ RFCA566]

vbr: variable bit-rate - either "on’, 'off’, or 'vad (defaults
to 'off’). If "on’, variable bit-rate is enabled. [If 'off’,
disabled. |If set to 'vad’', then constant bit-rate is used, but
silence will be encoded with special short franmes to indicate a

| ack of voice for that period. This paraneter is a preference

to the encoder.
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cng: confort noise generation - either "on’ or 'off’ (defaults to
"off’). If "off’, then silence frames will be silent; if "on’,
then those frames will be filled with confort noise. This
paraneter is a preference to the encoder

nmode: Coma-separated |ist of supported Speex decodi ng nodes, in
order of preference. The first is the nmost preferred and the
remaining is in decreasing order of preference. The valid
nmodes are different for narrowband and w deband, and are
defined as foll ows:

* {1,2,3,4,5,6,7,8,any} for narrowband
* {0,1,2,3,4,5,6,7,8,9, 10, any} for w deband and ultra-w deband

The 'node’ paraneters nmay contain nmultiple values. |In this
case, the renote party SHOULD configure its encoder using the
first supported node provided. Wen "any’' is used, the offerer
indicates that it supports all decodi ng nodes. The ’'node’

par anet er val ue MJST al ways be quoted. |If the 'node’ paraneter
is not provided, the nmode value is considered to be equival ent
to 'node="3,any"’ in narrowband and ' node="8, any i n w deband
and ultra-w deband. Note that each Speex frame does contain
the node (or bit-rate) that should be used to decode it. Thus,
an application MJST be able to decode any Speex frame unl ess
the SDP clearly specifies that some nodes are not supported
(e.g., by not including 'node="any"’). Indicating support for
a given set of decoding nodes also inplies that the

i npl ementation support the sane encodi ng nodes.

Encodi ng consi derati ons:

This nmedia type is franed and binary, see Section 4.8 in
[ RFC4288] .

Security considerations: See Section 6.
Interoperability considerations:

None.
Publ i shed specification:

RFC 5574.
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Applications that use this nedia type:
Audi o stream ng and conferencing applications.
Addi tional information: none.
Person and e-mail address to contact for further information:
Al fred E. Heggestad: aeh@lb. org
I nt ended usage: COVMON
Restrictions on usage:
This nmedi a type depends on RTP fram ng, and hence is only defined
for transfer via RTP [ RFC3550]. Transport within other fram ng
protocols is not defined at this tine.
Author: Alfred E. Heggestad
Change control ler:
| ETF Audi o/ Vi deo Transport working group del egated fromthe | ESG
5. SDP Usage of Speex
The information carried in the media 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 Speex codec, the mapping is
as follows:
o The nmedia type ("audio") goes in SDP "m" as the nedi a nane.
0 The nedia subtype ("speex") goes in SDP "a=rtpmap" as the encoding
nane. The required paraneter "rate" al so goes in "a=rtpmap" as

the clock rate.

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

0 Any renmining paraneters go in the SDP "a=fntp" attribute by

copying themdirectly fromthe nmedia type string as a senicol on-
separated |ist of paraneter=val ue pairs.
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The tabl es bel ow i ncl ude the equival ence between nodes and bit-rates
for narrowband, w deband, and ultra-w deband. Also, the
correspondi ng "Speex quality" setting (see SPEEX SET _QUALITY in the
Speex Codec Manual [SPEEX]) is included as an indication

Fomm o - o S +
| node | Speex quality | bit-rate |
Fom e e - - o m e e e oo - o m e e e oo - +
| 1 | 0 | 2.15 kbit/s
| 2 | 2 | 5.95 kbhit/s
| 3 | 3or 4 | 8.00 kbhit/s
| 4 | 5o0r 6 | 11.0 kbit/s
| 5 | 7 or 8 | 15.0 kbit/s
| 6 | 9 | 18.2 kbit/s
| 7 | 10 | 24.6 kbit/s
| 8 | 1 | 3.95 kbit/s
Femmm o - oo Fom e o - +

Table 1: Mdde vs. Bit-Rate for Narrowband

R T o e e e o o e e e e e e e e oo o - +
| node | Speex quality | wi deband bit-rate | ultra w deband |

| | | bit-rate |
Fomm o - o o e e oo s e e e e e oo +
| 0 | 0 | 3.95 kbit/s | 5.75 kbit/s |
| 1 | 1 | 5.75 kbit/s | 7.55 kbit/s |
| 2 | 2 | 7.75 kbit/s | 9.55 kbit/s |
| 3 3 | 9.80 kbit/s | 11.6 kbit/s |
| 4 | 4 | 12.8 kbit/s | 14.6 kbit/s |
| 5 | 5 | 16.8 kbit/s | 18.6 kbit/s |
| 6 | 6 | 20.6 kbit/s | 22.4 kbit/s |
| 7 7 | 23.8 kbit/s | 25.6 kbit/s |
| 8 | 8 | 27.8 kbit/s | 29.6 kbit/s |
| 9 | 9 | 34.2 kbit/s | 36.0 kbit/s |
| 10 | 10 | 42.2 kbit/s | 44.0 kbit/s |
Fomm o - o o e e oo s e e e e e oo +

Table 2: Mdde vs. Bit-Rate for Wdeband and U tra- W deband

The Speex paraneters indicate the decoding capabilities of the agent,
and what the agent prefers to receive.

The Speex paraneters in an SDP O f er/ Answer exchange are conpletely

orthogonal, and there is no rel ationship between the SDP O'fer and
t he Answer.
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Several Speex specific paraneters can be given in a single a=fmp
l'ine provided that they are separated by a sem col on

a=fm p: 97 node="1, any"; vbr =on

Some exanpl e SDP session descriptions utilizing Speex encodi ngs
fol | ow

5.1. Exanple Supporting Al Mdes, Prefer Mde 4

The offerer indicates that it wi shes to receive a Speex stream at
8000 Hz, and wi shes to receive Speex 'node 4. It is inportant to
under stand that any other node might still be sent by renote party:
the device might have bandwidth Iimtation or mght only be able to
send 'node="3"'. Thus, applications that support all decodi ng nodes
SHOULD i ncl ude ' node="any"’ as shown in the exanple bel ow

mraudi o 8088 RTP/ AVP 97
a=rtpmap: 97 speex/ 8000
a=fm p: 97 node="4, any"

5.2. Exanple Supporting Only Mddes 3 and 5

The offerer indicates the node he wi shes to receive (Speex 'node 3').
This offer indicates node 3 and node 5 are supported and that no

ot her nodes are supported. The renote party MJUST NOT configure its
encoder using anot her Speex npde.

mraudi o 8088 RTP/ AVP 97
a=rt map: 97 speex/ 8000
a=fm p: 97 node="3, 5"

5.3. Exanple with Variable Bit-Rate and Confort Noise

The offerer indicates that it wi shes to receive variable bit-rate
frames with confort noise

mraudi o 8088 RTP/ AVP 97

a=rtmap: 97 speex/ 8000
a=fm p: 97 vbr =on; cng=on
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5.4. Exanple with Voice Activity Detection

The offerer indicates that it wishes to use silence suppression. In
this case, the vbr=vad paranmeter will be used

mraudi o 8088 RTP/ AVP 97
a=rtmap: 97 speex/ 8000
a=fm p: 97 vbr=vad

5.5. Exanple with Miultiple Sanpling Rates

The offerer indicates that it wi shes to receive Speex audi o at 16000
Hz with node 10 (42.2 kbit/s) or, alternatively, Speex audio at 8000
Hz with node 7 (24.6 kbit/s). The offerer supports decoding all
nmodes.

mFaudi o 8088 RTP/ AVP 97 98
a=rt map: 97 speex/ 16000
a=fm p: 97 node="10, any"
a=rt map: 98 speex/ 8000
a=fm p: 98 node="7, any"

5.6. Exanple with Ptine and Miultiple Speex Franes

The "ptinme" SDP attribute is used to denote the packetization

interval (i.e., hownmany mlliseconds of audio is encoded in a single
RTP packet). Since Speex uses 20 nsec franes, ptine val ues of
mul tiples of 20 denote nultiple Speex franmes per packet. It is

recomended to use ptinme values that are a multiple of 20.

If ptime contains a value that is not nultiple of 20, the interna
interpretation of it should be rounded up to the nearest nultiple of
20 before the number of Speex franes is calculated. For example, if
the "ptinme" attribute is set to 30, the internal interpretation
shoul d be rounded up to 40 and then used to cal cul ate two Speex
franes per packet.

In the exanple below, the ptinme value is set to 40, indicating that
there are two frames in each packet.

mraudi o 8088 RTP/ AVP 97
a=rtprmap: 97 speex/ 8000
a=ptine: 40

Note that the ptime parameter applies to all payloads listed in the
media line and is not used as part of an a=fntp directive.
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Care nust be taken when setting the value of ptime so that the RTP
packet size does not exceed the path MU

5.7. Exanple with Conplete O fer/Answer Exchange

The offerer indicates that it wi shes to receive Speex audio at 16000
Hz or, alternatively, Speex audio at 8000 Hz. The offerer does
support ALL nodes because no node is specified.

mraudi o 8088 RTP/ AVP 97 98
a=rt map: 97 speex/ 16000
a=rt nmap: 98 speex/ 8000

The answerer indicates that it wi shes to receive Speex audio at 8000
Hz, which is the only sampling rate it supports. The answerer does
support ALL nodes because no node is specified.

mFaudi o 8088 RTP/ AVP 99
a=rtmap: 99 speex/ 8000

6. I nplenmentation CGuidelines

I npl enent ati ons that support Speex are responsible for correctly
decodi ng i ncomi ng Speex franes.

Each Speex frame does contain all needed information to decode
itself. |In particular, the 'node’ and ’'ptine’ values proposed in the
SDP contents MJST NOT be used for decoding: those val ues are not
needed to properly decode a RTP Speex stream

7. Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
speci fication [ RFC3550], and any appropriate RTP profile. This
inmplies that confidentiality of the nedia streans is achi eved by
encryption. Because the data conpression used with this payl oad
format is applied end-to-end, encryption may be performed after
conmpression so there is no conflict between the two operations.

A potential denial-of-service threat exists for data encodi ngs using
conpressi on techni ques that have non-uni formreceiver-end

comput ational |oad. The attacker can inject pathol ogical datagrans
into the streamthat are conplex to decode and cause the receiver to
be overl oaded. However, this encodi ng does not exhibit any
significant non-uniformty.
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As with any | P-based protocol, in some circunstances, a receiver may
be overl oaded sinply by the receipt of too many packets, either
desired or undesired. Network-layer authentication may be used to
di scard packets from undesired sources, but the processing cost of
the authentication itself nmay be too high.
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