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Abst r act

Thi s docunent specifies a conpression format for RPL | CMPv6 RPL
control mnessages.

Status of this Meno

This Internet-Draft is submtted to |ETF in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (1ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on Novenber 29, 2011
Copyright Notice

Copyright (c) 2011 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with respect
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include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
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1.

1.

I nt roducti on

RPL [I-D.ietf-roll-rpl] is an I Pv6 routing protocol for |ow power and
| ossy networks. It defines a nunber of |CMPv6 control nessages for
its operation. These nessages are susceptible to fragnentati on when
RPL is deployed over a link layer with a small payload (e.g. |EEE
802. 15. 4, where the MAC payl oad can be as small as 81 bytes). This
docunent specifies a conmpression format for 1CVPv6 RPL contro
messages to mnimze such fragnmentation. This docunment currently
defines the conpression format for RPL’s DODAG | nformati on Obj ect
(DO base object, DODAG Configuration Option and sone of the Routing
Metric/ Constraint objects. Later versions of this document nay

i nclude the conpression formats for other RPL nessages and options.

1. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in

[ RFC2119] .

Additionally, this docunent uses termnnology from
[I-D.ietf-roll-rpl], [I-Dietf-roll-routing-nmetrics],
[I-Dietf-roll-p2p-rpl] and [I-D.ietf-6l owpan-hc].

RPL | CMPv6 Message Conpression
Various fields of a conpressed | CMPv6 nessages are as foll ows:
0 Type: 155, as specified in [I-D.ietf-roll-rpl];

0 Code: The Code val ue of the conpressed version of an RPL | CMPv6
message i s obtained by setting the 7th bit in the Code val ue
associated with the correspondi ng unconpressed nessage. For
exanpl e, the Code associated with a conpressed DODAG | nformati on
bj ect i s 0x40.

0 Checksum The 16-bit Checksum for a conpressed RPL nessage is
calculated in the same manner as for the unconpressed nessage.

0 Base: The Base object carried in the nessage is conpressed in the
manner described in Section 3.

0 Option(s): An option carried in a conpressed RPL | CMPv6 nessage
MAY be conpressed as described in Section 4 or it MAY be carried
unconpressed as in an unconpressed nessage.
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3. RPL Base hject Conpression

This section defines the conpression format for various Base objects
associated with RPL | CMPv6 nessages.

3.1. Conpressing the DODAG | nformati on Obj ect

0 1

0123456789012345

B R i e e e S e T
|]TLVIRIGT|IF Ra | Conpr | Inline Fields
BT e e oS

Figure 1: The Conpression Format for DODAG | nformati on Object

The format of a conpressed DODAG I nfornmation Object (DI O base object
is shown in Figure 1 and consists of the follow ng fields:

o0 C This flag is set to 1 if the 3rd byte of the DI O contains an
8-bit identifier of the "context" that provides values of all
elided fields in the DI O base object and the options it contains.
O herwise, this flag is set to 0. The description of the contexts
in use in an LLN and how RPL nodes cone to know of these contexts
is out of scope for this docunent.

o |: This flag indicates whether the RPLInstancelD field is elided
or not. This flag is set to 1 if the RPLInstancelD field is
present inline in the conpressed DIO. This flag is set to 0 if
the RPLInstancelD field is elided. |In this case, the inplicit
val ue of the RPLInstancel D depends on the context if present. In
t he absence of the context, the inplicit value of the
RPLI nst ancel D depends on the value of the L flag as discussed
next .

o L: This flag is neaningful only when both Cand | flags are O,
i.e. the RPLInstancelD field is elided but no context is
identified. 1In this case, the L flag is set to 1 if the elided
RPLI nstancelD is local and has inmplicit value 128. The L flag is
set to O if the elided RPLInstancelD field is global and has
inmplicit value 0. If either of Cand | flag is set to 1, the L
flag MUST be set to 0 on transni ssion and ignored on reception

o V. This flag is set to 1 if the Version Nunber is carried inline
in the DIO nmessage. The flag is set to O if the Version Nunber is
elided. In this case, the inmplicit value of the Version Nunber
depends on the context if present. |If no context is present, the
inmplicit value of the Version Nunber is assuned to be zero.
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R This flag indicates whether the Rank field in the DIOis
shortened or not. This flag is set to 1 if the full 16-bit Rank
is present inline in the conpressed DIO The flag is set to O if
the 4-bit long Ra field contains the rank val ue.

G This flag indicates whether the byte containing the G ounded,
Mode of Operation and DODAG Preference fields is elided or not.
This flag is set to 1 if the above-nentioned byte is carried
inline. The flag is set to 0, if this byte is elided. 1In this
case, the inplicit values of Grounded, Mdde of Operation and
DODAGPr ef erence fiel ds depend on the context if present. |If no
context is present, the inplicit values of these fields are as
fol | ows:

* The Grounded flag has inplicit value 0, i.e., the DODAG is not
gr ounded.

*  The Mode of Operation field has inplicit value 0, i.e., the
DODAG does not nmaintain any downward routes.

* The DODAG Preference field has inplicit value 0, i.e., |east
preferred.

T: This flag is set to 1 if the DISN field is carried inline. The
flag is set to O, if the DISN field is elided. |In this case, the
inmplicit value of the DTSN field depends on the context if

present. If no context is present, the inplicit value of this
field is assumed to be zero

F. This flag indicates whether the Flags and Reserved fields in
the DIO are elided or not. This flag is set to 1 if these fields
are carried inline. The flag is set to 0, if these fields are
elided. In this case, the values of these fields depend on the
context if present. |If no context is present, both fields are
assunmed to be zero

Ra: This field contains the 4-bit rank value if the Rflag is set
to 0.

Conpr: This field contains the nunber of prefix octets that are
elided fromthe DODAG D field. For exanple, the Conpr value will
be zero if full 16-octet DODAG D field is carried inline in the
conmpressed DI O

Inline Fields: The context identifier, if present, occupies the
3rd byte of the conpressed DI O base object. Any inline fields in
the conpressed DI O appear in the same order as in the unconpressed
format defined in [I-D.ietf-roll-rpl]
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4. Conpressing the RPL Options

This section defines the conpression format for sone of the RPL
options that nmay be carried inside an RPL control nessage. These RPL
options SHOULD be conpressed when carried inside an RPL contro
message conpressed in the manner described in this docunment. The
other RPL options, for which a conpression format is not specified in
this docunment, MJST follow the format in which they are defined when
carried inside an RPL control nessage conpressed as described in this
docunent .

0 1 2
012345678901234567890123
i T T S T S ST

| Option Type | Option Length | Option Data
B il i S e S i S e R S e S R I

Figure 2: Format of a Conpressed RPL Option

The conpression format of an RPL option is shown in Figure 2. It
consi sts of:

0 Option Type: The Option Type value for a conpressed RPL option is
same as that of the unconpressed option with the nost significant
bit (MSB) set to 1.

0 Option Length: The Option Length is 8 bits long as in case of an
unconpressed RPL option

4.1. DODAG Configuration Option

0 1 2 3 4 5 6 7 8

P
| F| T1] T2| 11] 12] O] R|] L | Inline Fields
e

Figure 3: Format of a Conpressed DODAG Configuration Option

The format of the conpressed DODAG Configuration Option is shown in
Figure 3. The conpressed DODAG Configuration option begins with an
octet consisting of flags that specify whether the individual fields
in the option are elided or not. The inplicit value of an elided
field depends on the context identified in the DI O base object. |If

Dl O base object does not identify a context, the inplicit value of an
elided field is as specified bel ow
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F: This flag indicates whether the byte in the unconpressed DODAG
Configuration option, consisting of the Flags, A and PCS fi el ds,

is elided or not. This flag is set to 1 if this byte is carried
inline. The flag is set to 0, if this byte is elided. |If the DIO
base object does not contain a context, the inplicit val ues of
elided A and PCS fields are zero and DEFAULT _PATH CONTROL_SI ZE (as
defined in [I-D.ietf-roll-rpl]) respectively.

T1: This flag indicates whether the DI O nterval Doublings and

DO nterval Mn fields are elided or not. This flag is set to 1 if
these fields are carried inline. The flag is set to 0, if these
fields are elided. |f DI O base object does not contain a context
identifier, these fields, if elided, assune their default val ues
as defined in [I-D.ietf-roll-rpl]

T2: This flag indicates whet her the DI ORedundancyConstant field is
elided or not. This flag is set to 1 if Dl ORedundancyConstant is
carried inline. The flag is set to 0, if this field is elided.

In this case, the field assunes its default value as defined in
[I-D.ietf-roll-rpl] if the DI O base object does not identify a
cont ext .

I1: This flag indicates whether the MaxRankl ncrease field is
elided or not. This flag is set to 1 if this field is carried
inline. The flag is set to O if this fieldis elided. 1In this
case, the MaxRankl ncrease field assumes its default value (as
defined in [I-D.ietf-roll-rpl]) if the DI O base object does not
identify a context.

12: This flag indicates whether the M nHopRanklnc field is elided
or not. This flag is set to 1 if this field is carried inline.
The flag is set to O if this fieldis elided. In this case, the
M nHopRanklnc field assunmes its default value (as defined in
[I-D.ietf-roll-rpl]) if the D O base object does not identify a
cont ext .

O This flag indicates whether the OCP field is elided or not.
This flag is set to 1 if this field is carried inline. The flag
is set to O if this fieldis elided. In this case, if the DIO
base object does not identify a context, RPL (bjective Function 0
[I-D.ietf-roll-of0] is the OCP in effect.

R This flag indicates whether the byte narked as Reserved in the
unconpressed format is elided or not. This flag is set to 1 if
this byte is carried inline. The flag is set to O if this byte is
elided. In this case, the Reserved byte is assuned to have val ue
0.
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o L: This flag indicates whether the Default Lifetinme and Lifetine
Unit fields are elided or not. This flag is set to 1 if these
fields are carried inline. The flag is set to O if these fields
are elided. In this case, the life tine of the routes associates
with this DODAG is infinity unless another value is specified in
the context identified in the DI O base object.

o Inline fields: Any inline fields in the conpressed DODAG
Configuration option appear in the sanme order as in the
unconpressed fornat.

Note that a conpressed DODAG Configuration Option can be as small as
3 bytes, whereas an unconpressed DODAG Configuration Option is 16
bytes | ong.

4.2. Metric/Constraint Objects

0 1 2 3 4 5 6 7 8
T e e
| Type | C|AP P2 A | Object Body

B T T T U

Figure 4: Generic Fornmat of a Conpressed Routing Metric/ Constraint
bj ect

A compressed Metric Contai ner Qption contains conpressed Routing
Metric/Constraint objects as defined in this docunent. A conpressed
Metric Container Option MJUST NOT contain unconpressed Routing Metric/
Constraint objects defined in [I-D.ietf-roll-routing-nmetrics]. The
generic format of a conpressed Routing Metric/Constraint bject is
shown in Figure 4. A conpressed Routing Metric/Constraint Object

al ways has a fixed size as defined in this docunment. Thus,
"recorded” netrics and sub-objects/ TLV options within a netric object
are not allowed. Various fields inside a conpressed Routing Metric/
Cont ai ner Obj ect header are as foll ows:

o Type: The type of the routing netric/constraint object.

o C This flag is set to one if the object represents a constraint.
This flag is set to zero if the object represents a netric.

o QOP: If the object represents a constraint, this flag is set to
one if the constraint is optional. Oherwise, the flag is set to
zero. |If the object represents a netric, this bit represents,
along with P2 bit, a 2-bit "precedence" field.

o0 P2: This bit is relevant only when the object represents a netric.
Along with the QP bit, this bit forms a 2-bit "precendence" field
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to indicate the precedence of this nmetric relative to other

nmetrics in the container.

3, 0 being the highest precedence.

The precedence values range fromO to

A: This field is relevant only for nmetrics and indicates the
manner in which the routing netric nust be aggregat ed:

*

A=0x00: The routing nmetric is additive

A=0x01: The routing netric reports a naxi nmum

A=0x02: The routing metric reports a m ni num

A=0x03: The routing nmetric is multiplicative

Conpressed Node State and Attri butes hject

0 1

2 3 4 5 6 7 8

S

Reserved | Al O]

T e

Figure 5: Conpressed Node State and Attributes Object

The conpressed Node State and Attributes object has Type value 0 and
is shown in Figure 5. The A and Oflags in the object have s
meani ng and function as the corresponding flags in the unconpressed
object defined in [I-D.ietf-roll-routing-netrics].

4.2. 2.

Conpressed Node Energy Object

0 1

2 3 4 5 6 7 8

T

T | E| E-E [

i S SRS

Fi gure 6: Conpressed Node Energy Object

ane

The conpressed Node Energy object has Type value 1 and is shown in
Fi gure 6.
function as the corresponding fields in Node Energy sub-object
defined in [I-D.ietf-roll-routing-netrics]. Node that the E-
has been reduced from8 bits to 4 bits.

Goyal

et al.

Various fields in the object have sanme neani ng and
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4.2.3.

Conpressed Hop Count hject

0 1 2 3 4 5 6 7 8
S

| Hop Count |
B T T T

Figure 7: Conpressed Hop Count Object

The conpressed Hop Count object has Type value 2 and is shown in
Figure 7. It consists of a 8-bit hop count val ue.

4.2. 4.

Conpressed Throughput Object

0 1

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6
BT S T o o T o
| Thr oughput |
B T S T T T T SR

Fi gure 8: Conpressed Throughput bject

The conpressed Throughput object has Type value 3 and is shown in
Figure 8. It consists of a 16-bit value expresed in units of kilo
byt es per second.

4.2.5.

Conpressed Latency Object

0 1
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6
S

| Lat ency |
B LI T e o T T, S S S S 2

Fi gure 9: Conpressed Latency Object

The conpressed Latency object has Type value 4 and is shown in
Figure 9. It consists of a 16-bit value expresed in units of
m | 1iseconds.

4.2.6.

Goyal

Conpressed ETX Obj ect

0 1
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6
T o

[ ETX [
S A R g S
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5.

5.

Fi gure 10: Conpressed ETX Obj ect
The conpressed ETX object has Type value 5 and is shown in Figure 10.
It consists of a 16-bit value, which has the sane neani ng and
function as the ETX field inside ETX sub-object inside ETX object
defined in [I-D.ietf-roll-routing-netrics].

Exanpl es

In this section, we conpare the sizes of RPL control nessages with
and w thout the conpression nmechani smspecified in this docunent.

1. ADOWth A Configuration Option, A Route Information Option and
A Metric Container

Consi der an unconpressed nulticast DI O nessage that has a
Configuration Option, a Route Information Option and a Metric
Contai ner with one ETX netric object and one ETX constraint object.
Thi s message consists of the foll owi ng conmponents:

0 |Pv6 header: A typical |Pv6 header, conpressed as per
[I-D.ietf-6lowan-hc], for a nulticast Dl O nessage consists of 5
bytes as foll ows:

* 2 byte LOAPAN | PHC Base Encodi ng

* 1 byte Context ldentifier Extension

* 1 byte Next Header

* 1 byte Goup IDto identify all-RPL-nodes nulticast address.

0 4 bytes for |ICW Type, Code and Checksum fi el ds;

0 24 bytes for DI O Base bject;

0 16 bytes for DODAG Configuration Option;

0 24 byte Route Information Option;

0 14 bytes for Metric Container consisting of:

* 2 bytes for Type and Option Length fields;

* 6 bytes for ETX netric object (4 bytes header + 2 bytes body);
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* 6 bytes for ETX constraint object (4 bytes header + 2 bytes
body) .
Thus, the total length of such a DIOis 87 bytes.

The sane nessage, when conpressed in the manner described in this
docunent, consists of:

o0 5 bytes of IPv6 header compressed as per [I-D.ietf-6lowan-hc] in
the manner described in the previous paragraph

0 4 bytes for |ICW Type, Code and Checksum fi el ds;

0 4 bytes of conpressed Dl O Base (hject consisting of 2 bytes of
header and 2 bytes for DODAG D (the best case scenario);

o0 3 bytes of conpressed DODAG Configuration Option, including 2
bytes for Type and Option Length fields;

0 24 bytes of Route Information Option;
0 8 bytes for Metric Container consisting of:
* 2 bytes for Type and Option Length fields;
* 3 bytes for ETX netric object (1 byte header + 2 bytes body);

* 3 bytes for ETX constraint object (1 byte header + 2 bytes
body) .

Thus, the total length of the conpressed DIO is 48 bytes.

5.2. A DIOWth A Configuration Option, A Route Discovery Option and A
Metric Container

Consi der an unconpressed nulticast DI O nmessage that has a
Configuration Option, a Route Discovery Option (defined in
[I-D.ietf-roll-p2p-rpl]) and a Metric Container with one ETX netric
obj ect and one ETX constraint object. This message consists of the
fol |l owi ng conponents:

0o 5 bytes of IPv6 header conpressed as per [I-D.ietf-6lowan-hc] in
the manner described in the previous section

0 4 bytes for |ICW Type, Code and Checksum fi el ds;

0 24 bytes for DI O Base bject;
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0 16 bytes for DODAG Configuration Option

0 26 bytes for Route Di scovery Option consisting of:
* 4 bytes for Type, Option Length and other fixed |l ength fields;
* 2 bytes for the Target address field;

* 20 bytes for the Address vector (assuming 10 2-byte |ong
el ement s).

0 14 bytes for Metric Container consisting of:
* 2 bytes for Type and Option Length fields;
* 6 bytes for ETX netric object (4 bytes header + 2 bytes body);

* 6 bytes for ETX constraint object (4 bytes header + 2 bytes
body) .

Thus, the total length of such a DIOis 89 bytes.

The sane nessage, when conpressed in the manner described in this
docunent, consists of:

0 5 bytes of IPv6 header conpressed as per [I-D.ietf-6lowan-hc];
0 4 bytes for |ICW Type, Code and Checksum fi el ds;

0 4 bytes of conpressed Dl O Base (hject consisting of 2 bytes of
header and 2 bytes for DODAG D (the best case scenario);

0 3 bytes of conpressed DODAG Configuration Option, including 2
bytes for Type and Option Length fields;

0 26 bytes of Route Information Option;
0 8 bytes for Metric Container consisting of:
* 2 bytes for Type and Option Length fields;
* 3 bytes for ETX netric object (1 byte header + 2 bytes body);

* 3 bytes for ETX constraint object (1 byte header + 2 bytes
body) .

Thus, the total length of the conpressed DIOis 50 bytes.
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6. Security Considerations

TBA

7. | ANA Consi derati ons

TBA
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