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Abstract
Thi s docunent describes the Real -tinme Transport Protocol (RTP)
payl oad format for the internet Low Bit Rate Codec (iLBC) Speech
devel oped by dobal IP Sound (@ PS). Also, within the docunent there
are included necessary details for the use of iLBC with MM and
Sessi on Description Protocol (SDP).
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1.

| nt roducti on

Thi s docunent descri bes how conpressed i LBC speech, as produced by
the i LBC codec [1], nmay be formatted for use as an RTP payl oad type.
Met hods are provided to packetize the codec data frames into RTP
packets. The sender nmay send one or nore codec data franmes per
packet dependi ng on the application scenario or based on the
transport network condition, bandwi dth restriction, delay

requi rements and packet-1o0ss tol erance.

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119 [2].

Backgr ound

G obal I P Sound (G PS) has devel oped a speech conpression al gorithm
for use in I P based conmunications [1]. The i LBC codec enabl es
graceful speech quality degradation in the case of |ost franes, which
occurs in connection with lost or delayed |IP packets.

This codec is suitable for real time conmunications such as,
t el ephony and vi deoconf erenci ng, stream ng audi o, archival and
nmessagi ng.

The i LBC codec [1] is an algorithmthat conpresses each basic frane
(20 ns or 30 ns) of 8000 Hz, 16-bit sanpled input speech, into output
frames with rate of 400 bits for 30 nms basic frame size and 304 bits
for 20 ns basic frame size.

The codec supports two basic frame lengths: 30 ns at 13.33 kbit/s and
20 ms at 15.2 kbit/s, using a block independent |inear-predictive
coding (LPC) algorithm Wen the codec operates at bl ock | engths of
20 ms, it produces 304 bits per block which MJST be packetized in 38
bytes. Sinmilarly, for block lengths of 30 nms it produces 400 bits
per bl ock which MJST be packetized in 50 bytes. This algorithm
results in a speech coding systemwith a controlled response to
packet |osses similar to what is known from pul se code nodul ation
(PCVM with a packet |oss conceal rent (PLC), such as ITUT Gril
standard [7], which operates at a fixed bit rate of 64 kbit/s. At
the sanme time, this algorithmenables fixed bit rate coding with a
quality-versus-bit rate tradeoff close to what is known from code-
excited linear prediction (CELP)
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3.

3.

RTP Payl oad For nat

The i LBC codec uses 20 or 30 ns frames and a sanpling rate clock of 8
kHz, so the RTP tinmestanp MJST be in units of 1/8000 of a second. The
RTP payl oad for iLBC has the format shown in the figure bellow No
addi ti on header specific to this payload format is required.

This format is intended for the situations where the sender and the
receiver send one or nore codec data franes per packet. The RTP
packet | ooks as foll ows:

0 1 2 3
01234567890123456789012345678901
i T i i e S I ih s o S S ™
| RTP Header [ 3] |
R R R e e e o e e e e e A A A A S i
I I
+ one or nore frames of iLBC [1] |
I I
i T i i e S I ih s o S S ™

Figure 1, Packet format diagram

The RTP header of the packetized encoded i LBC speech has the expected
val ues as described in [3]. The usage of Mbit SHOULD be as
specified in the applicable RTP profile, for exanple, RFC 3551 [4]
specifies that if the sender does not suppress silence (i.e., sends a
frame on every frane interval), the Mbit will always be zero. Wen
nore then one codec data frame is present in a single RTP packet, the
timestanp is, as always, the ol dest data frame represented in the RTP
packet .

The assignnent 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 particular class of
applications will assign a payload type for this encoding, or if that

is not done, then a payload type in the dynanic range shall be chosen
by the sender.

Bitstream definition

The total number of bits used to describe one frame of 20 ns speech
is 304, which fits in 38 bytes and results in a bit rate of 15.20
kbit/s. For the case with a frame length of 30 ns speech the tota
nunber of bits used is 400, which fits in 50 bytes and results in a
bit rate of 13.33 kbit/s. In the bitstreamdefinition, the bits are
distributed into three classes according to their bit error or |oss
sensitivity. The nost sensitive bits (class 1) are placed first in
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the bitstreamfor each frame. The |less sensitive bits (class 2) are
pl aced after the class 1 bits. The |least sensitive bits (class 3)
are placed at the end of the bitstreamfor each frane.

Looking at the 20/30 ns frame | ength cases for each class: The cl ass
1 bits occupy a total of 6/8 bytes (48/64 bits), the class 2 bits
occupy 8/12 bytes (64/96 bits), and the class 3 bits occupy 24/30
bytes (191/239 bits). This distribution of the bits enables the use
of uneven | evel protection (ULP). The detailed bit allocation is
shown in the table below. Wen a quantization index is distributed
bet ween nore cl asses the nore significant bits belong to the | owest
cl ass.
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RTP Payl o

Bi tstream structure:

Par anet er | Bits O ass <1,
| 20 ns frane | 30

__________________________________ s
Split 1 | 6 <6, 0, 0> | 6

LSF 1 Split 2 | 7 <7,0,0> | 7

LSF Split 3 | 7 <7,0,0> | 7

__________________ s

Split 1 | NA (Not Appl.)| 6

LSF 2 Split 2 | NA 7

Split 3 | NA | 7

__________________ s

Sum | 20 <20,0,0> | 40

__________________________________ s
Bl ock O ass. | 2 <2,0,0> | 3

__________________________________ s
Position 22 sanpl e segment | 1 <1,0,0> | 1

__________________________________ s
Scal e Factor State Coder | 6 <6,0, 0> | 6

__________________________________ s
Sanple 0 | 3 <0,1, 2> | 3

Quanti zed Sanple 1 | 3 <0,1, 2> | 3
Resi dual : | : : | :
State | : : | :
Sanpl es : | : : | :
Sanpl e 56 | 3 <0,1, 2> | 3

Sanpl e 57 | NA | 3

__________________ s

Sum | 171 <0,57,114>| 174

__________________________________ s
Stage 1 | 7 <6,0,1> | 7

CB for 22/23 Stage 2 | 7 <0,0,7> | 7
sanpl e bl ock Stage 3 | 7 <0,0,7> | 7

__________________ s

Sum | 21 <6,0,15> | 21

__________________________________ s
Stage 1 | 5 <2,0,3> | 5

Gain for 22/23 Stage 2 | 4 <1,1, 2> | 4
sanpl e bl ock Stage 3 | 3 <0,0, 3> | 3

__________________ s

Sum | 12 <3,1, 8> | 12

__________________________________ s
Stage 1 | 8 <7,0, 1> | 8

sub-block 1 Stage 2 | 7 <0,0,7> | 7

Stage 3 | 7 <0,0,7> | 7

__________________ s

Duric & Andersen

ad Format for

Experi nment al

i LBC Speech

Decenber 2004
2, 3> |
ms frane |
---------- +
<6, 0, 0> |
<7, 0, 0> |
<7, 0, 0> |
---------- +
<6, 0, 0> |
<7, 0, 0> |
<7, 0, 0> |
---------- +
<40, 0, 0> |
---------- +
<3, 0, 0> |
---------- +
<1, 0, 0> |
---------- +
<6, 0, 0> |
---------- +
<0,1,2> |
<0,1,2> |
; I
; I
; I
<0,1,2> |
<0,1,2> |
---------- +
<0, 58, 116>|
---------- +
<4,2,1> |
<0, 0, 7> |
<0, 0, 7> |
---------- +
<4,2,15> |
---------- +
<1,1, 3> |
<1,1,2> |
<0, 0, 3> |
---------- +
<2, 2, 8> |
---------- +
<6,1, 1> |
<0, 0, 7> |
<0, 0, 7> |
---------- +
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Stage 1 | 8 <0, 0, 8> | 8 <0,7,1> |
sub-block 2 Stage 2 | 8 <0, 0, 8> | 8 <0, 0, 8> |
I ndi ces Stage 3 | 8 <0, 0, 8> | 8 <0, 0, 8> |
for CB e A A +
sub- bl ocks Stage 1 | NA | 8 <0,7,1> |
sub-block 3 Stage 2 | NA | 8 <0, 0, 8> |
Stage 3 | NA | 8 <0, 0, 8> |
------------------ S
Stage 1 | NA | 8 <0,7,1> |
sub-block 4 Stage 2 | NA | 8 <0, 0, 8> |
Stage 3 | NA | 8 <0, 0, 8> |
------------------ S
Sum | 46 <7,0,39> | 94 <6, 22,66>
---------------------------------- S
Stage 1 | 5 <1, 2, 2> | 5 <1, 2, 2> |
sub-block 1 Stage 2 | 4 <1,1, 2> | 4 <1,2,1> |
Stage 3 | 3 <0,0, 3> | 3 <0,0, 3> |
------------------ S
Stage 1 | 5«<1,1, 3> | 5 <0, 2, 3> |
sub-block 2 Stage 2 | 4 <0, 2, 2> | 4 <0, 2, 2> |
Stage 3 | 3 <0,0, 3> | 3 <0,0, 3> |
Gins for  m-emeeeiaeaaao- R R L +
sub- bl ocks Stage 1 | NA | 5 <0, 1, 4> |
sub-block 3 Stage 2 | NA | 4 <0,1, 3> |
Stage 3 | NA | 3 <0,0, 3> |
------------------ S
Stage 1 | NA | 5 <0, 1, 4> |
sub-block 4 Stage 2 | NA | 4 <0,1, 3> |
Stage 3 | NA | 3 <0,0, 3> |
------------------ S
Sum | 24 <3,6,15> | 48 <2,12, 34>
Enpty frame indicator | 1 <0,0,1> | 1 <0,0,1> |
SUM 304 <48, 64, 192> 400 <64, 96, 240>

Table 3.1 The bitstreamdefinition for iLBC

When packetized into the payload, all the class 1 bits MJST be sorted

in order (fromtop and down) as they were specified in the table.

Additionally, all the class 2 bits MJST be sorted (fromtop and down)

and all the class 3 bits MJST be sorted in the same sequential order
3.2. Miltiple iLBC frames in a RTP packet

More than one iLBC frame may be included in a single RTP packet by a
sender .
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It is inportant to observe that senders have the foll ow ng additional
restrictions:

0 SHOULD NOT include nore iLBC frames in a single RTP packet than
will fit in the MIU of the RTP transport protocol

o Frames MUST NOT be split between RTP packets.

0 Frames of the different nodes (20 ns and 30 nms) MJUST NOT be
i ncluded within the same packet.

It is RECOMMENDED that the nunber of frames contained within an RTP
packet are consistent with the application. For exanple, in

tel ephony and other real time applications where delay is inportant,
the delay is | ower depending on the anmount of franes per packet
(i.e., fewer frames per packet, the |lower the delay). Wereas for
bandw dth constrained |links or delay insensitive stream ng nessagi ng
application, one or nore frames per packet would be acceptable.

I nformation describing the nunber of frames contained in an RTP
packet is not transnmitted as part of the RTP payload. The way to
determ ne the nunber of iLBC frames is to count the total nunber of
octets within the RTP packet, and divide the octet count by the
nunber of expected octets per frame (32/50 per frane).

4. | ANA Consi derati ons

One new M ME sub-type as described in this section has been
regi stered.

4.1. Storage Mde

The storage node is used for storing speech franes (e.g., as a file
or email|l attachnent).

S +
| Header |
S +
| Speech frane 1 |
S +
S +
| Speech frame n |
S +

Figure 2, Storage fornat diagram
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The file begins with a header that includes only a magi c nunber to
identify that it is an iLBC file.

The magi ¢ nunber for iLBC file MJST correspond to the ASCII character
string:

o for 30 ms frane size node: "#!i LBC30\n", or "0x23 0x21 0x69
0x4C 0x42 0x43 0x33 0x30 OxO0A" in hexadecimal form

o for 20 ns frane size node:"#!'i LBC20\ n", or "0x23 0x21 0x69
Ox4C 0x42 0x43 0x32 0x30 OxOA" in hexadecimal form

After the header, follow the speech franes in consecutive order.

Speech franes lost in transm ssion MJUST be stored as "enpty franes",
as defined in [1].

4.2. M ME Registration of iLBC
M ME nedi a type name: audio
M ME subtype: iLBC
Opti onal paraneters:
Al'l of the paraneters does apply for RTP transfer only.

maxpti me: The maxi num anount of nedi a which can be encapsul ated in
each packet, expressed as tinme in nmilliseconds. The tine
SHALL be cal cul ated as the sumof the tine the nmedia present
in the packet represents. The time SHOULD be a multiple of
the frame size. This attribute is probably only neaningfu
for audio data, but rmay be used with other nedia types if it
makes sense. It is a nedia attribute, and is not dependent
on charset. Note that this attribute was introduced after
RFC 2327, and non updated inplenmentations will ignore this
attribute

node: The i LBC operating frane node (20 or 30 ns) that will be
encapsul ated in each packet. Values can be 0, 20 and 30
(where 0 is reserved, 20 stands for preferred 20 ns frane
size and 30 stands for preferred 30 ns frane size).

ptime: Defined as usual for RTP audio (see [5]).
Encodi ng consi der ati ons:

This type is defined for transfer via both RTP (RFC 3550)
and stored-file nmethods as described in Section 4.1, of RFC

Duri ¢ & Andersen Experi nment al [ Page 8]



RFC 3952 RTP Payl oad Fornmat for i LBC Speech Decenber 2004

3952. Audio data is binary data, and nmust be encoded for
non-bi nary transport; the Base64 encoding is suitable for
emai | .

Security considerations:
See Section 6 of RFC 3952.

Publ i c specification:
Pl ease refer to RFC 3951 [1].

Addi ti onal information:
The follow ng applies to stored-file transfer nethods:

Magi ¢ nunber :

ASCI | character string for:

0 30 ns frane size node "#!iLBC30\n" (or 0x23 0x21
0x69 0x4C 0x42 0x43 0x33 0x30 OxO0A in hexadeci mal)
0 20 ns frane size node "#!i LBC20\n" (or 0x23 0x21
0x69 0x4C 0x42 0x43 0x32 0x30 OxO0A in hexadeci mal)

File extensions: |bc, LBC
Maci ntosh file type code: none
bj ect identifier or O D none

Person & enmnil address to contact for further information:
alan.duric@elio.no

I nt ended usage: COMVON
It is expected that many Vol P applications will use this

type.

Aut hor/ Change control |l er
alan.duric@elio.no
| ETF Audi o/ Vi deo transport worKking group

Mappi ng To SDP Paraneters

The information carried in the MM nedia type specification has a
specific mapping to fields in the Session Description Protocol (SDP)
[5], which is commpnly used to describe RTP sessions. Wen SDP is
used to specify sessions enploying the i LBC codec, the napping is as
fol | ows:

o The MM type ("audio") goes in SDP "m" as the medi a nane.

0o The M ME subtype (payload format name) goes in SDP "a=rtpmap" as
t he encodi ng nane.
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0 The paraneters "ptine" and "nmaxptine" go in the SDP "a=ptinme" and
"a=maxptinme" attributes, respectively.

o The paraneter "node" goes in the SDP "a=fnmtp" attribute by copying
it directly fromthe MME nedia type string as "node=val ue"

When conveying informati on by SDP, the encodi ng nanme SHALL be "i LBC"
(the sanme as the M ME subtype).

An exanple of the nedia representation in SDP for describing i LBC
m ght be:

mrFaudi o 49120 RTP/ AVP 97
a=rtpmap: 97 i LBC/ 8000

If 20 ms frane size node is used, renote i LBC encoder SHALL receive
"node" paraneter in the SDP "a=fmtp" attribute by copying them
directly fromthe MME nedia type string as a senicol on separated

wi th paraneter=val ue, where paraneter is "node", and values can be O
and 20 (where O is reserved and 20 stands for preferred 20 ns frane
size). An exanple of the nedia representation in SDP for describing
i LBC when 20 s frame size node is used night be:

mraudi o 49120 RTP/ AVP 97
a=rtpmap: 97 i LBC/ 8000
a=fm p: 97 node=20

It is inportant to enphasize the bi-directional character of the
"node" paranmeter - both sides of a bi-directional session MJST use
t he sanme "node" val ue.

The offer contains the preferred node of the offerer. The answerer
may agree to that nmode by including the sane node in the answer, or
may include a different node. The resulting node used by both
parties SHALL be the | ower of the bandwi dth nodes in the offer and
answer .

That is, an offer of "npbde=20" receiving an answer of "node=30" will
result in "node=30" being used by both participants. Simlarly, an
of fer of "npbde=30" and an answer of "npde=20" will result in
"node=30" bei ng used by both participants.

This is inmportant when one end point utilizes a bandw dth constrained

link (e.g., 28.8k nodemlink or slower), where only the |ower frane
size will work.
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7.

7.

1.

Parameter ptime can not be used for the purpose of specifying i LBC
operating node, due to fact that for the certain values it will be

i npossi bl e to distinguish which node is about to be used (e.g., when
pti me=60, it would be inpossible to distinguish if packet is carrying
2 frames of 30 ms or 3 frames of 20 ns, etc.).

Note that the payload format (encoding) nanes are commonly shown in
upper case. M ME subtypes are commonly shown in | ower case. These
nanes are case-insensitive in both places. Sinmilarly, paraneter
nanes are case-insensitive both in MM types and in the default
mappi ng to the SDP a=fntp attribute

Security Considerations

RTP packets using the payload format defined in this specification
are subject to the general security considerations discussed in [3]
and any appropriate profile (e.g., [4]).

As this format transports encoded speech, the main security issues

i nclude confidentiality and authentication of the speech itself. The
payl oad format itself does not have any built-in security mechani sns.
Confidentiality of the nedia streans is achieved by encryption,

t heref ore external nmechani snms, such as SRTP [6], MAY be used for that
purpose. The data conpression used with this payload format is
appl i ed end-to-end; hence encryption nay be perforned after
conpression with no conflict between the two operations.

A potential denial-of-service threat exists for data encodi ng using
conpressi on techni ques that have non-uniformreceiver-end
conmput ati onal |oad. The attacker can inject pathol ogical datagrans
into the streamwhich are conplex to decode and cause the receiver to
becone overl oaded. However, the encodings covered in this docunent
do not exhibit any significant non-uniformty.
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