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Abst ract
Thi s docunent describes the RTP payload format for the BroadVoice(R)
nar r owband and wi deband speech codecs. The narrowband codec, called
Br oadVoi cel6, or BV16, has been sel ected by Cabl eLabs as a mandatory
codec in PacketCable 1.5 and has a Cabl eLabs specification. The

docunent al so provides specifications for the use of BroadVoice with
M ME and the Session Description Protocol (SDP)
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1. Introduction

Thi s docunent specifies the payload format for sendi ng BroadVoi ce
encoded speech or audio signhals using the Real -time Transport

Protocol (RTP) [1]. The sender may send one or nore BroadVoi ce codec
data frames per packet, depending on the application scenario, based

on network conditions, bandwi dth availability, delay requirenents,
and packet-1oss tol erance.

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this

docunent are to be interpreted as described in RFC 2119 [2].
2. Background

BroadVoi ce is a speech codec fam |y devel oped for Vol P (Voice over
Internet Protocol) applications, including Voice over Cable, Voice

over DSL, and | P phone applications. BroadVoice achieves hi gh speech
quality with a | ow coding delay and relatively | ow codec conplexity

The BroadVoi ce codec fam |y contains two codec versions. The
nar r owband versi on of BroadVoice, called BroadVoicel6 [3], or BV16
for short, encodes 8 kHz-sanpl ed narrowband speech at a bit rate of
16 kil obits/second, or 16 kbit/s. The wi deband version of

Br oadVoi ce, call ed BroadVoi ce32, or BV32, encodes 16 kHz-sanpl ed

wi deband speech at a bit rate of 32 kbit/s. The BV16 and BV32 use
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very simlar (but not identical) coding algorithns; they share nost
of their algorithm nodul es.

To minimze the delay in real-tine two-way comuni cations, both the
BV16 and BV32 encode speech with a very small frane size of 5 ns

wi t hout using any | ook ahead. By using a packet size as snall as 5
ms if necessary, this allows Vol P systens based on BroadVoice to have
a very | ow end-to-end system del ay.

Br oadVoi ce al so has relatively | ow codec conpl exity when conpared
with | TUT standard speech codecs based on CELP (Coded Excited Linear
Prediction), such as G728, G 729, G 723.1, and G 722.2. Full-duplex
i mpl enrent ati ons of the BV16 and BV32 take around 12 and 17 M PS
respectively, on general -purpose 16-bit fixed-point digital signa
processors (DSPs). The total nenory footprints of the BV16 and BV32,
i ncluding program size, data tables, and data RAM are around 12
kwords each, or 24 kbytes.

The Packet Cabl e(TM) project of Cable Tel evision Laboratories, Inc.
(Cabl eLabs(R)) has chosen the BV16 codec for use in Vol P tel ephone
services provided by cable operators. Mre specifically, the BV16
codec was sel ected as one of the mandatory audi o codecs in the
Packet Cabl e(TM 1.5 Audi o/ Vi deo Codecs Specification [8] and has been
i npl emented by nultiple vendors. The wi deband version (BV32) has
been devel oped by Broadcom but has not yet appeared in a public
specification; since it is technically very sinmlar to BV16, its

payl oad format is also defined in this docunent.

3. RTP Payl oad Format for BroadVoicel6 Narrowband Codec

The BroadVoi cel6 uses 5 ns franes and a sanpling frequency of 8 kHz,
so the RTP timestanp MJUST be in units of 1/8000 of a second. The RTP
timestanp indicates the sanpling instant of the ol dest audio sanple
represented by the frane(s) present in the payload. The RTP payl oad
for the BroadVoicel6 has the fornmat shown in the figure below. No
addi ti onal header specific to this payload format is required.

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| RTP Header [1] |
+=+=+=F=+=+=F=+=+=+=+=+=+=+=+ ==+ =+ ==+ =+ =+ =+ =+ ==+ ===+ = ===+

I I
| one or nore frames of BroadVoicel6 |
| |
+- +

i S i S T T S S e it S S S S S S S
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I f BroadVoicel6 is used for applications with silence conpression,
the first BroadVoi cel6 packet after a silence period during which
packets have not been transmitted conti guously SHOULD have the marker
bit in the RTP data header set to one. The marker bit in all other
packets is zero. Applications wthout silence suppressi on MIST set
the marker bit to zero

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 particular class of
applications will assign a payload type for this encoding, or if that
is not done, then a payload type in the dynam c range shall be
chosen.

3. 1. Br oadVoi cel6 Bit Stream Definition

The BroadVoi cel6 encoder operates on speech franmes of 5 ns
corresponding to 40 sanples at a sanpling rate of 8000 sanpl es per
second. For every 5 ms frane, the encoder encodes the 40 consecutive
audi o sanples into 80 bits, or 10 octets. Thus, the 80-bit bit
stream produced by the BroadVoicel6 for each 5 ns frane is octet-

al i gned, and no padding bits are required. The bit allocation for
the encoded paraneters of the BroadVoicel6 codec is listed in the
foll owi ng table.

Encoded Par anet er Codewor d Nunmber of bits per frame
Li ne Spectrum Pairs LO, L1 7+7=14

Pitch Lag PL 7

Pitch Gain PG 5

Log- Gai n LG 4

Excitation Vectors VO, ..., V9 5*10=50

Tot al : 80 bits

The mappi ng of the encoded parameters in an 80-bit BroadVoicel6 data
frane is defined in the following figure. This figure shows the bit
packing in "network byte order"”, also known as big-endian order. The
bits of each 32-bit word are nunbered O to 31, with the nost
significant bit on the left and nunbered 0. The octets (bytes) of
each word are transmtted with the nost significant octet first. The
bits of the data field for each encoded parameter are nunbered in the
same order, with the nost significant bit on the left.
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0 1 2 3

01234567890123456789012345678901
R S P S S S S ST ST S S S S S SR S S S S R S S T
| LO | L1 | PL | PG | LG | VO|
I I I I I |
|01 23456/|0123456/0123456/01234012 301
S T S S S e i St S DU S S S S R T T e s
| VO | Vi | V2 | V3 | va | V5 | V6 |

2340123401234012340123401234012 3|
B S s T S I S S S S
V| V7| V8 | Vo |
6| I I I
401 2340123401234
T T S Tl STl S S S S S S

Figure 1: BroadVoicel6 bit packing
3.2. Miltiple BroadVoicel6 Frames in an RTP Packet

More than one BroadVoi cel6 frame MAY be included in a single RTP
packet by a sender. Senders have the follow ng additional
restrictions:

0 SHOULD NOT incl ude nore BroadVoicel6 frames in a single RTP
packet than will fit in the MU of the RTP.

0 MJST NOT split a BroadVoicel6 frame between RTP packets.
0 BroadVoicel6 franes in an RTP packet MJST be consecuti ve.

Since multiple BroadVoicel6 franmes in an RTP packet MJST be
consecutive, and since BroadVoicel6 has a fixed frane size of 5 ns,
recovering the tinestanps of all frames within a packet is easy. The
ol dest frame within an RTP packet has the sanme tinmestanp as the RTP
packet, as nentioned above. To obtain the tinmestanp of the frame
that is N franes |later than the ol dest frane in the packet, one
sinmply adds 5*N ms worth of tine units to the tinestanp of the RTP
packet .

It is RECOWENDED that the number of franes contained within an RTP
packet be consistent with the application. For exanple, in a

tel ephony application where delay is inportant, the fewer franmes per
packet, the |ower the delay; whereas, for a delay insensitive
stream ng or nessagi ng application, many frames per packet woul d be
accept abl e.
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I nformation describing the nunber of frames contained in an RTP
packet is not transmitted as part of the RTP payload. The only way
to determ ne the nunber of BroadVoicel6 frames is to count the tota
nunber of octets within the RTP payl oad, and divide the octet count
by 10.

4. RTP Payl oad Format for BroadVoi ce32 W deband Codec

The BroadVoi ce32 uses 5 ns franmes and a sanpling frequency of 16 kHz,
so the RTP tinmestanp MJUST be in units of 1/16000 of a second. The
RTP timestanp i ndicates the sanpling instant of the ol dest audio
sanpl e represented by the frame(s) present in the payload. The RTP
payl oad for the BroadVoice32 has the format shown in the figure

bel ow. No additional header specific to this payload format is
required.

0 1 2 3
01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| RTP Header [1] |
E  aE ar o e e e e e e e o B o e e A e A s R T

I I

| one or nore frames of BroadVoi ce32 |

I I

R et e s i o e s i i

I f BroadVoice32 is used for applications with silence conpression,
the first BroadVoi ce32 packet after a silence period during which
packets have not been transmitted contiguously SHOULD have the marker
bit in the RTP data header set to one. The narker bit in all other
packets is zero. Applications wthout silence suppressi on MIST set
the marker bit to zero

The assi gnnment of an RTP payl oad type for this new packet format is
outside 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 dynam c range shall be
chosen.

4.1. BroadVoice32 Bit Stream Definition

The BroadVoi ce32 encoder operates on speech frames of 5 ns
corresponding to 80 sanples at a sanpling rate of 16000 sanples per
second. For every 5 nms frane, the encoder encodes the 80 consecutive
audi o sanples into 160 bits, or 20 octets. Thus, the 160-bit bit
stream produced by the BroadVoice32 for each 5 ns frane is octet-
aligned, and no padding bits are required. The bit allocation for
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the encoded paraneters of the BroadVoice32 codec is listed in the
foll owi ng table.
Nunber of bits

Encoded Par anet er Codewor d per frane
Li ne Spectrum Pairs LO, L1, L2 7+5+5=17
Pitch Lag PL 8
Pitch Gain PG 5
Log- Gains (1st & 2nd subfranes) L&D, LGL 5+5=10
Excitation Vectors (1st subfranme) VAO,..., VA9 6*10=60
Excitation Vectors (2nd subfrane) VBO,..., VB9 6*10=60
Tot al : 160 bits

The mappi ng of the encoded paraneters in a 160-bit BroadVoi ce32 data
frane is defined in the following figure. This figure shows the bit
packing in "network byte order", also known as bi g-endian order. The
bits of each 32-bit word are nunbered 0 to 31, with the nost
significant bit on the left and nunbered 0. The octets (bytes) of
each word are transmtted with the nost significant octet first. The
bits of the data field for each encoded paranmeter are nunbered in the
sanme order, with the nost significant bit on the left.

0 1 2 3

01234567890123456789012345678901

T S S S S M S M S
LO | L1 | L2 | PL | PG | LQO|

I I I I I I

123456/012340123401234567/01234/01]
I T S T i e T S S e S SUpL A

|  LGL | VAO | VAL | VA2 | VA3 |

I I I I I
23401234012345012345/012345/012345]
I i T S T e S S e it S S S S S S

VA4 | VA5 | VAG | VA7 | VAS | VA9|

I I I I (I

0 2345012345012345/012345012345]|01]
T S T S S S o o
VA9 | VBO | VB1 | VB2 | VB3 | vB4 |

I I I I I I
2345012345012345012345/012345|012 3]
T S S T i S T S S e e i Sty S
VB4| VB5 | VB6 | VB7 | VB8 | VB9 |

45012345012345012345012345/01234H5]|

+
I
I
| 0
+
I
I
I
+
I
I
I
+
I
I
I
+
I
I
I
e s it i S e Th T i SIS S S

Fi gure 2: BroadVoi ce32 bit packing
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4.2. Miltiple BroadVoice32 Frames in an RTP Packet

More than one BroadVoi ce32 frame MAY be included in a single RTP
packet by a sender. Senders have the follow ng additiona
restrictions:

0 SHOULD NOT incl ude nore BroadVoice32 frames in a single RTP
packet than will fit in the MU of the RTP.

0 MJST NOT split a BroadVoi ce32 frame between RTP packets.
0 BroadVoice32 franes in an RTP packet MJUST be consecutive

Since multiple BroadVoi ce32 franmes in an RTP packet MJST be
consecutive, and since BroadVoice32 has a fixed frane size of 5 ns,
recovering the tinestanps of all frames within a packet is easy. The
ol dest frame within an RTP packet has the sanme tinmestanp as the RTP
packet, as nentioned above. To obtain the tinmestanp of the frame
that is N franmes |later than the ol dest frane in the packet, one
sinmply adds 5*N ms worth of tine units to the tinestanp of the RTP
packet .

It is RECOWENDED that the number of franes contained within an RTP
packet be consistent with the application. For exanple, in a

tel ephony application where delay is inmportant, the fewer franmes per
packet, the |ower the delay; whereas, for a delay insensitive
stream ng or nessagi ng application, many frames per packet woul d be
accept abl e.

I nformation describing the nunber of frames contained in an RTP
packet is not transmitted as part of the RTP payload. The only way
to determi ne the nunber of BroadVoice32 frames is to count the tota
nunber of octets within the RTP payl oad, and divide the octet count
by 20.

5. | ANA Consi derati ons

Two new M ME sub-types, as described in this section, have been
regi stered.

The M ME names for the BV16 and BV32 codecs have been allocated from
the IETF tree since these two codecs are expected to be wi dely used
for Voice-over-1P applications, especially in Voice over Cable
appl i cations.
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5.1. M ME Registration of BroadVoicel6 for RTP
M ME nedia type nane: audio
M ME nedi a subtype nane: BV16
Requi red parameter: none

Optional parameters
pti ne: Defined as usual for RTP audio (see RFC 2327 [4]).

maxptime: See RFC 3267 [7] for its definition. The maxptine
SHOULD be a multiple of the duration of a single codec data
frame (5 ns).

Encodi ng consi derati ons:
This type is defined for transferring BV16-encoded data via RTP
usi ng the payl oad format specified in Section 3 of RFC 4298.
Audi o data is binary data and must be encoded for non-binary
transport; the Base64 encoding is suitable for Email.

Security considerations:
See Section 7 "Security Considerations" of RFC 4298.

Public specification:
The BroadVoi cel6 codec has been specified in [3].

I nt ended usage:
COVWON. It is expected that many Vol P applications, especially
Voi ce over Cable applications, will use this type.

Person & enmail address to contact for further information:
Jui n- Hwey (Raynond) Chen
rchen@r oadcom com

Aut hor/ Change control |l er
Aut hor: Jui n- Hvey (Raynond) Chen, rchen@roadcom com
Change Controller: |ETF Audi o/ Video Transport Wdrking G oup

del egated fromthe | ESG
5.2. M ME Registration of BroadVoice32 for RTP
M ME nedia type nane: audio
M ME nedi a subtype nane: BV32

Requi red paraneter: none
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Opti onal paraneters:
pti me: Defined as usual for RTP audio (see RFC 2327 [4]).

maxptime: See RFC 3267 [7] for its definition. The nmaxptine
SHOULD be a nmultiple of the duration of a single codec data
franme (5 ns).

Encodi ng consi derati ons:
This type is defined for transferring BV32-encoded data via RTP
usi ng the payl oad format specified in Section 4 of RFC 4298.
Audi o data is binary data and nmust be encoded for non-binary
transport; the Base64 encoding is suitable for Enmail.

Security considerations:
See Section 7 "Security Considerations” of RFC 4298.

I nt ended usage:
COVWON. It is expected that many Vol P applications, especially
Voi ce over Cable applications, will use this type.

Person & email address to contact for further information:
Jui n- Hwey (Raynond) Chen
rchen@r oadcom com

Aut hor/ Change controller:
Aut hor: Jui n- Hwey (Raynond) Chen, rchen@roadcom com
Change Controller: |ETF Audi o/ Video Transport Wirking G oup
del egated fromthe | ESG

6. Mpping to SDP Paraneters

The information carried in the MM nmedia type specification has a
specific mapping to fields in the Session Description Protocol (SDP)
[4], which is commonly used to describe RTP sessions. Wen SDP is
used to specify sessions enploying the BroadVoi cel6 or BroadVoi ce32
codec, the mapping is as foll ows:

- The M ME type ("audio") goes in SDP "n=" as the nedia nane.

- The M ME subtype (payload format name) goes in SDP "a=rtpmap"
as the encoding nane. The RTP clock rate in "a=rtpmap" MJST be
8000 for BV16 and 16000 for BV32.

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

An exanpl e of the nmedia representation in SDP for describing BV16
m ght be:

mraudi o 49120 RTP/ AVP 97
a=rtpmap: 97 BV16/ 8000

An exanpl e of the nmedia representation in SDP for describing BV32
m ght be:

mraudi 0 49122 RTP/ AVP 99
a=rt prmap: 99 BV32/ 16000

O fer- Answer Model Consi derations

No speci al considerations are needed for using the SDP O f er/ Answer
nmodel [5] with the BV16 and BV32 RTP payl oad formats.

Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [1] and any appropriate profile (for exanple, [6]).
This inplies that confidentiality of the nmedia streans is achieved by
encryption.

A potential denial-of-service threat exists for data encoding using
conpr essi on techni ques that have non-uniformreceiver-end
conputational |oad. The attacker can inject pathol ogical datagrans
into the streamthat 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.

Congestion Control

The general congestion control considerations for transporting RTP
data apply to BV16 and BV32 audi o over RTP as well (see RTP [1]) and
any applicable RTP profile like AVP [6]. BV16 and BV32 do not have
any built-in mechani smfor reducing the bandw dth. Packing nore
frames in each RTP payl oad can reduce the nunber of packets sent, and
hence the overhead from | P/ UDP/ RTP headers, at the expense of

i ncreased del ay and reduced error robustness agai nst packet | osses.
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