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Abstract

Thi s docunent describes ODVRP- ASYM an extension for the On Demand
Mul ticast Routing Protocol [ODVRP], which enables routers to use
unidirectional links to route nulticast nessages.
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1. Introduction

Due to the nature of the wireless nedia used, MANETs typically

exhi bit a non-negligible proportion of asymmetric, or even
unidirectional |inks, even nore so when routers thensel ves nake use
of disparate transni ssion powers (such as when using satellite
communi cations). Most routing protocols nmake sure to avoid these
links, typically by detecting and bl acklisting them and use only the
fully connected graph formed by the bidirectional |inks of the

net wor k, even though taking advantage of these |inks can provide
significant performance i nprovenent, and even in sone cases all ow

data to fl ow between weakly connected parts of the network, i.e.
parts of the network which are only connected by unidirectiona
l'i nks.

Thi s docunent specifies ODVRP- ASYM an extension for the ODVRP
protocol [ODVMRP] that allows routers to make use of unidirectiona
links instead of avoiding them It does so by enabling ODVRP- ASYM
routers to discover alternative paths to forward Join Reply nmessages
to the multicast source, building the forwarding group al ong the way.

2. Term nol ogy and Notations

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

[ RFC2119] .

Thi s docunment uses the term nol ogy and notation defined in [ OCDVRP].
Additionally, it uses the term nology defined in Section 2.1 and the
not ati onal conventions defined in Section 2. 2.

2.1. Term nol ogy
Thi s docunment defines and uses the follow ng term nol gy:

ODMRP- ASYM Router - A router that inplenents this specification, in
addition to inplenenting the original ODVRP specification, as
described in [ODVRP]. An ODVRP_ASYM Router MJST use all its ODVRP
Interfaces for the operations of this protocol. In other words,
an ODVRP_ASYM Rout er MJUST NOT select only a subset of its ODVRP
Interfaces over which to process and generate CDVRP_ASYM contro
nmessages.
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HC2SRC - Abbreviation for Hop-Count to Source; for a given ODVRP-
ASYM Router, this refers to the nunber of hops separating this
router froma nulticast source, as determ ned by the Hop Count
field of the last valid JQ nessage received fromthis source.

Loop - The Loop is the basic construct used by this specification to
di scover an alternate reverse path to a Milticast Source. A Loop
consists in a chain of adjacent (i.e., each Router in the chain
can recei ve nessages fromthe previous one) ODVRP- ASYM Routers.

It is closed if the first ODVMRP-ASYM Router is the sane as the

| ast one in the chain; otherwise, it is open. Furthernore, a Loop
has an Originator (the first Router in the chain) and a
Destination. Loop Discovery and Loop Marking nessages (see
Section 6) represent a Loop by an ordered list of one address per
CODMRP- ASYM Rout er bel onging to the Loop

Loop Originator - Refers to the ODVRP- ASYM Router, which has started
the Loop Discovery process. It is the first router in the chain,
and the |l ast one when the Loop is closed.

Loop Destination - A Loop is built in order to discover an alternate
route through which Join Reply nmessages can be forwarded towards a
Mul ticast Source. This Milicast Source is the Destination of the
Loop.

Loop Summit - The objective of building a Loop is to find an ODVRP-
ASYM router, strictly closer (in terms of hop count) to the Loop
Destination than the Loop Originator. A Loop can contain zero or
nmore of such routers. |If the Loop contains at |east one such
router, the closest to the Loop Destination is the Loop Summit.

Original Join Reply - Refers to the JR nessage, which fail ed
transm ssion triggered the Loop Di scovery process, as described in
Section 9.

2.2. Notational conventions

Thi s docunment defines and uses the foll owi ng notational conventions:

tail - Loop Di scovery and Loop Marki ng nmessages both carry an
AddressList field. "tail" is defined such that tail (AddressList)
is alist created by renoving the first elenent in AddressLi st.

head - Conversely, head(AddressList) refers to the first element in
Addr essLi st.
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I ength - | engt h( AddressList) is the nunmber of addresses in
Addr esslLi st.

I[n] - is the nth element of list |I. Lists in this specification
are 1l-based, neaning that they are indexed from1l to length(list).

3. Applicability Statenent
This protocol:
0 Is an extension of the ODVRP [ CDVMRP] protocol

o0 Enables ODMRP-ASYM routers to make use of unidirectional |inks for
forwardi ng nulticast data packets.

o Discovers alternative routes on-demand, neaning that it does not
i mpose any extra overhead on CDVRP when there are no
unidirectional link present on the path between the Milti cast
Sources and Recei vers.

4. Protocol Overview and Functioning

The objective of this extension is to enable ODVRP Routers to make
use of unidirectional links for forwarding rmulticast packets. In
doing so, it may allow data to transit through shorter paths, and in
sonme cases permt packets to be exchanged between weakly connected
components of the network, i.e., parts of the network that are only
connected by unidirectional links. This mechanismwas originally
described in [ ODVMRP_ASYM .

This objective is fulfilled by the foll owi ng process:

1. Upon detection by an ODVRP- ASYM Router (the Loop Originator) that
a Join Reply (towards one Milticast Source) has not been
successfully delivered to an upstreamrouter (through the
acknow edgenent mechani sm described in [ODVRP]), the Loop
Originator triggers a Loop Discovery procedure as foll ows:

1. The Loop Oiginator generates and broadcasts a Loop Di scovery
message advertising the Miulticast Source as its destination

2. The Loop Discovery nessage is retransmtted by internediate
routers. Each router updates the LD nessage so as to reflect
the list of ODVRP-ASYM routers this nmessage has transited
through, as well as the Loop Sumit, if there is one anong
the routers in the Loop
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3. Upon reception of a Loop Discovery nessage it generated, the
Loop Originator verifies that it advertises a valid closed
|l oop, i.e. that at least one router it transited through is
closer to the Miulticast Source than itself. |If that is the
case, it starts the Loop Marking procedure.

2. The Loop Marking procedure is as foll ows:

1. The Loop Oiginator generates a Loop Marking nessage,
advertising the list of routers that the LD nessage went
through (the Loop), as well as the Loop Sunmit. The Loop
Mar ki ng nessage i s source-routed through the Loop.

2. Each ODVMRP- ASYM router, receiving the Loop Marki ng nmessage,
proceeds as foll ows:

+ |If that Router’s position in the Loop, as recorded by the
Address List (see Section 6), is before the Loop Summit,
the router forwards the LM nessage al ong the Loop

+ |If the router is the Loop Summit, it restarts the Join
Reply procedure by generating a Join Reply nessage built
with information carried within the LM nessage and
forwarding it towards the Milticast Source, then forwards
the LM nessage al ong the Loop

+ Oherwise, i.e., if the router’s position in the Loop is
after the Loop Sunmit in the Loop, it adds or updates a
Forwardi ng Tuple to its Forwardi ng Tabl e (see [ ODVRP]
section 10), as if it had received the correspondi ng Join
Reply message
5. Paraneters and Constants

In addition to those described in [ODVMRP], this specification uses
the paraneters and constants defined in this section

5.1. Router Paraneters
This specification defines the follow ng router paraneters:

PENDI NG LOOP_TIMEQUT is the minimumtine a Loop tuple SHOULD be kept
in the Pending Loop set after it was |ast refreshed.
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DEFAULT_LD HOP_LIMT is the default value for the LD.HOPLIMT field
used by ODVRP- ASYM Routers generating an LD nmessage.

5.2. Constants
This specification defines the foll owing constants:

NO SUWM T - is a value, carried by the LoopSunmt field of Loop
Di scovery and Loop Marking messages, mneaning that the
correspondi ng Loop currently has no Loop Sunmit or that the Loop
Sunmit is not encoded in this nessage. For exanple, a Loop
Mar ki ng nessage that has already transited through the Loop Sumnit
does not carry its address anynore. NO SUMW T has a value of 0

6. Packets and Messages

This section describes the protocol nessages generated and processed
by ODVRP- ASYM according to the term nology defined in Section 2

The objective of this section is to describe the meani ng and content
of the fields contained in each nessage. The specifics the encoding
of these nessages using [ RFC5444] is described in Section 7.

6.1. Join Query

In addition to the fields specified in [ODVRP] section 7, Join Query
messages generated by ODMRP- ASYM router have an optional hop count
field (noted as JQ HopCount), encoded by way of the <nsg-hop-count>
field of the JQ nessage header, as specified in [RFC5444]. This
field MUST be included in every JQ nessage originated by an ODVRP-
ASYM router, but MJST NOT be added to transnmitted JQ nessages if the
recei ved JQ nessage did not contain this field (see Section 9.1.3).

6.2. Loop Discovery

A Loop Discovery (LD) nmessage is generated and processed in order to
di scover and build a loop. It has the follow ng fields:

LD. AddressLength encodes the length of the addresses carried by this
message as foll ows:

LD. AddressLength := the length of an address in octets - 1
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6.

LD.

LD.

LD.

LD.

LD.

LD.

LD.

3.

Mul ti cast G oupAddress encodes the address of the Milticast G oup,
to which this Loop Discovery is addressed.

Destination encodes the address of the Loop Destination.

AddressList is an ordered list of addresses of the routers that
this nessage has traversed, starting with the router that has
generated the LD nessage. This neans that head(LD. AddressList) is
an address of the Loop Originator.

LoopSunmit represenets the index in the LD. AddressList field of
an address of the corresponding Loop Summit, if it exists. In
other words, LD.LoopSunmit is either NO LOOPSUMM T is the Loop has
no Summit, or such that LD. AddressList[LD.LoopSummit] is an
address of this Loop’s Sunmit.

M nHC represents the HC2SRC val ue of the Loop Summit. This field
MUST be set to 0 and ignored on reception if LD. LoopSummit =
NO_LOOPSUWM T.

HOPLIM T represents the maxi mum nunber of hops this nmessage can
traverse.

HOPCOUNT represents the nunber of hops this nessage has al ready
traversed.

Loop Marking

LM AddressLength encodes the length of the addresses carried by this

nmessage as foll ows:

LM AddressLength := the I ength of an address in octets - 1

LM Mul ti cast G oupAddress encodes the address of the Multicast G oup,

to which this Loop Marki ng nessage is addressed.

LM Sour ceAddress encodes the address of the Miulticast Source,

towards which the Loop Sunmmit will transmt a Join Reply.

LM AddressList is an ordered |ist of addresses of the routers this

message has yet to transit through, i.e., head(LM AddressList) is
an address of the next router that should receive this LM The
Loop Marking nessage is effectively source-routed through these
routers.

Gerla, et al. Expi res May 20, 2015 [ Page 9]



Internet-Draft ODVRP- ASYM Novenber 2014

LM LoopSunmit represents the index in the LD AddressList field of an
address of the corresponding Loop Summit, if it is present in
LM AddressList. In other words, LD LoopSunmit is either
NO LOOPSUMM T if the LM has already transited through the Loop
Sunmit, or such that LD. AddressList[LD. LoopSumit] is an address
of this Loop’s Sumit.

LM Sour ceSequenceNunber corresponds to the sequence nunber carried
by the Original Join Reply nessage.

7. RFC5444 Encoding

This section describes the encodi ng of ODMRP_ASYM nessages usi ng
[ RFC5444] .

7.1. Loop Discovery Encoding

This protocol defines the Loop Discovery nessage type. Hence,
according to [ RFC5444], all Loop Discovery nessages are generated,
processed and transmitted following this specification. Table 1
shows the mappi ng between the Loop Di scovery el enents described in
Section 6.2 and their encoding. Each LD nessage MJUST contain exactly
one of each of these el ements.

LD. Addr essLengt h
LD. Mul ti cast G oupAddr ess
LD. Desti nati on
LD. Addr essLi st

| <nsg- addr - | engt h>
|

I LD. LoopSunmi t

|

|

I
Address in address block + TLV [
Address in address block + TLV [

Addresses in address block + TLV |
LOOPSUMM T Message-type-specific TLV |
I

I

I

LD. M nHC M NHC Message-type-specific TLV
LD. HOPLIM T <msg- hop-limt>
LD. HOPCOUNT <msg- hop- count >
o m e e e e e i oo - oo e e e e e e e e e e e e mme— oo - +

Table 1: Loop Discovery Message El enents

The follow ng considerations apply for when encoding the el enents
descri bed by Table 1:

LD. AddressLength - Encodes addresses that are between 1 and 16 bytes
| ong.
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LD. Mul ti cast G oupAddress - |Is encoded by way of an address bl ock
wi th associ at ed nessage-type-specific TLV of type ADDR- TYPE and
val ue MULTI CAST- GROUP- ADDRESS.

LD. Destination - |Is encoded by way of an address block with
associ at ed nessage-type-specific TLV of type ADDR- TYPE and val ue
DESTI NATI ON- ADDRESS.

LD. AddressList - |Is encoded by way of an address block with <num
addr> = | engt h(LD. AddressList), containing the addresses in order.
The address bl ock has an associ at ed nessage-type-specific TLV of
type ADDR- TYPE and val ue ADDRESS- LI ST.

LD. LoopSummit - |Is encoded by way of a message-type-specific TLV of
type LOOPSUMWM T, with all the flags cleared except <thasval ue>,
<length> = 1 and where <value> is the index of the Loop Sunmit in
LD. AddressList. |If LD. LoopSunmit = NO LOOPSUMM T, <thasvalue> is
cleared, and the <length> and <value> fields are onitted.

LD. HOPLIM T - Is encoded by way of the <msg-hop-linmt> field of the
LD nmessage header.

LD.HOPLIM T - |Is encoded by way of the <nsg-hop-count> field of the
LD nmessage header.

7.2. Loop Marking Encoding

This protocol defines the Loop Marking nessage type. Hence,
according to [ RFC5444], all Loop Marki ng messages are generat ed,
processed and transnmitted following this specification. Table 2
shows the mappi ng between the Loop Marking el enents described in
Section 6.3 and their encoding. Each LD nmessage MJST contain exactly
one of each of these el enents.

| LM Addr essLengt h | <msg- addr - | engt h> |
| LM Ml ticast G oupAddress | Address in address block + TLV |
[ LM Sour ceAddr ess [ Address in address block + TLV [
| LM Addr essLi st | Addresses in address block + TLV |
| LM LoopSunmi t | LOOPSUWM T Message-type-specific TLV |
I I I

LM Sour ceSequenceNunber <nsg- seq- nune

Tabl e 2: Loop Marking Message El enents

The follow ng considerations apply for when encoding the el enents
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descri bed by Table 2:

LM AddressLength - Encodes addresses that are between 1 and 16 bytes
| ong.
LM Mul ti cast G oupAddress - |Is encoded by way of an address bl ock

wi th associ at ed nessage-type-specific TLV of type ADDR- TYPE and
val ue MULTI CAST- GROUP- ADDRESS.

LM Sour ceAddress - |s encoded by way of an address block wth
associ at ed nessage-type-specific TLV of type ADDR- TYPE and val ue
SOURCE- ADDRESS.

LM AddressList - |Is encoded by way of an address block with <num
addr> = | engt h(LM AddressList), containing the addresses in order.
The address bl ock has an associ at ed nessage-type-specific TLV of
type ADDR- TYPE and val ue ADDRESS- LI ST.

LM LoopSummit - |Is encoded by way of a message-type-specific TLV of
type LOOPSUM T, with all the flags cleared except <thasval ue>,
<length> = 1 and where <value> is the index of the Loop Summit in
LM AddressList. |If LM LoopSunmit = NO LOOPSUMM T, <thasvalue> is
cleared, and the <length> and <value> fields are omitted.

8. I nformati on Bases

In additions to the informati on bases described in [ ODMRP], each
ODVRP- ASYM Rout er nmai ntains a Distance Set and a Pending Loop Set, as
described in the followi ng sections. These information sets are
given so as to facilitate description of nmessage generati on,

forwardi ng and processing rules. An inplenentation may chose any
representation or structure to maintain this information.

8.1. Distance Set
The Di stance set contains distance tuples, recording the distance in
hop count to (active) Milticast sources, as recorded by received Join
Query nessages, and containing the follow ng fields:
(D _source, D hop _count, D seq nhum D exp_tine)

Wher e:

D source - is the address of the Milticast Source, carried by the
correspondi ng Join Query nessage.
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D _hop_count - is the distance, in hops, to the Miulticast Source, as
recorded by the nmost recent Join Query received that was
originated by this source.

D seq_num - is the sequence nunber of the Join Query nessage that
updated this tuple.

D exp_tinme - is the time at which the tuple MJST be consi dered
expired and thus MJUST NOT be taken into consideration by the
operations of this protocol extension

8.2. Pending Loops Set

The Pendi ng Loops Set contains pending |oop tuples, each recording

i nformati on about an open Loop that this Router is part of, either
because it has initiated the correspondi ng Loop Di scovery process
(i.e., this router is the Loop Oiginator) or because it has received
and forwarded a correspondi ng Loop Di scovery nessage. |t contains
the followi ng fields:

(L_originator, L_destination, L_exp_tine)
Wher e:

L _originator - is an address of the Loop Originator, as recorded by
the correspondi ng Loop Di scovery message

L destination - is an address of the Loop Destination, as recorded
by the correspondi ng Loop Di scovery nessage

L_exp_tine - is the time at which the tuple MJIST be consi dered
expired and thus MJUST NOT be taken into consideration by the
operationsn of this protocol extension

9. Protocol Details
This protocol generates, processes and forwards Loop Di scovery and
Loop Marking nessages, according to the follow ng sections. This
section makes use of the term nol ogy defined in Section 10 of

[ODVRP], as well as the follow ng additional notation

QIR Refers to the corresponding Oiginal Join Reply, as defined in
Section 2.
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9.1. Join Query
CDVRP- ASYM requi res that JQ nmessages carry a HopCount field, in order
to maintain the Distance Set. This section specifies the additional
processi ng required.
9.1.1. Join Query generation
In addition to the fields described in [ ODVRP] section 10.1.2, Join
Query nessages, originated by ODMRP- ASYM Routers, MJST be generated
with the JQ HopCount field present and set to O.
9.1.2. Additional Join Query processing
Upon receiving a valid Join Query nessage, an CDVRP- ASYM router MJST
proceed as follows, after executing the steps specified in [ COVRP],
section 10.1. 3:
1. Find the Distance tuple in the Distance Set, such as:
* D source = JQ Sour ceAddress
And update it in the followi ng way:
* D _hop_count := JQ HopCount
* D _seqg_num:= JQ SequenceNunber
* Dexp_tine :=current-tine + ROUTE_TI MEQUT
2. If no such tuple exists, create one with the followi ng fields:
* D source = JQ Sour ceAddress
* D _hop_count := JQ HopCount
* D _seqg_num:= JQ SequenceNunber
* Dexp_tine := current-tinme + ROUTE_TI MEQUT
9.1.3. Join Query transm ssion

A JQ nessage, considered for forwarding, MJST be updated as foll ows,
after followi ng the process specified in [ODVMRP], section 10.1.4:

o |If the HopCount field is present, update it so that JQ HopCount : =
JQ HopCount + 1.
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9.

9.

9.

9.

2. Loop Discovery

2.1. Invalid Loop Discoveries

A Loop Discovery Message, received by an ODVRP- ASYM Router, is

invalid and MJUST be di scarded without further processing, and in

particul ar MJUST NOT be considered for forwarding, if:

0 The address length carried by the received Loop D scovery Message
(see Section 6) differs fromthe |ength of the addresses of this
Rout er .

0 LD. HOPCOUNT > LD. HOPLIM T, or LD. HOPCOUNT = LD. HOPLIM T and
LD.Originator is not an address of this Router.

0 LD . Oiginator is an address of this Router, and there isn't any
Pendi ng Loop tuple in the Pending Loops set, such as:

* L_originator is an address of this Router.
* L _destination = LD. Destination.
2.2. Loop Discovery Generation

A Loop Discovery nmessage SHOULD be generated upon detection that a
Join Reply (the Unsuccessful Join Reply) was unable to be delivered
to the upstreamrouter. A Loop Discovery nessage i s generated
according to Section 6, with the followi ng fields:
0 LD. AddressLength : = UJR AddressLengt h.
0 LD MilticastGoupAddress := UJR Milticast GoupAddress.

0 LD. AddressList set to a list, containing as its only el enent an
address of this Router.

0 LD. LoopSunmit := NO SUW T.
0 LD.MnHC := D hop_count.
2.3. Loop Discovery Processing

Upon receiving a valid Loop Di scovery message, an ODVRP- ASYM Rout er
proceeds as foll ows:

1. If head(LD. AddressList) is an address of this Router (i.e., the
Loop Di scovery nessage advertises a closed Loop originated by
this router), then:

Gerla, et al. Expi res May 20, 2015 [ Page 15]



Internet-Draft ODVRP- ASYM Novenber 2014

9.

2.4.

1. If there exists a Distance tuple (henceforth "correspondi ng
Di stance tuple") in the Distance set, such as:

+ D source = LD. Destination

+ D _hop_count < LD.M nHC

Then this Loop Di scovery message advertises a valid closed
Loop. O herwi se, the advertised loop is invalid. The Loop
Di scovery nessage MUST be di scarded and MJUST NOT be processed
further.

2. Cenerate a new Loop Marking nessage according to
Section 9.3.2

3. Set the correspondi ng Pending Loop tuple as expired, by
setting P_exp_time to current _tinme - 1. The Loop Discovery
message i s not processed further, and in particular MJST NOT
be considered for forwarding.

El se, find the Pending Loop tuple (denoted "matchi ng Pendi ng Loop
tupl e") such that:

* L_originator = head(LD. AddressList).

* L destination = LD. Destination.

If it exists, update it such that L_exp_tinme :=

PENDI NG LOOP_TI MEQUT. Else, create one with the required fields
set as above, and L_exp_tinme := PEND NG LOOP_TI MEQUT.

The Loop Discovery nessage is then considered for forwarding,
according to Section 9.2.4.

Loop Di scovery Forwardi ng

A Loop Discovery nmessage, considered for forwarding, MJST be updated
as follows, prior to being transmtted:

1.

Append an address of this Router to LD. AddressList. The appended
address MJST be an address of an ODVRP interface of this Router,

but MAY be chosen freely anpbng these addresses if there are nore
t han one.

Find the Di stance Tupl e defined by:

* D source = LD. Destination.
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3. If such a tuple exists, and if D _hop_count < LD.M nHC, then
update the Loop Di scovery message as foll ows:
1. LD.MnHC := D _hop_count.
2. LD LoopSummit := |ength(LD. AddressList).
4. LD. HOPCOUNT : = LD. HOPCOUNT + 1.
9.2.5. Loop Discovery Transm ssion

A Loop Discovery nessage MJST be broadcasted on all participating
CDVRP i nterfaces.

9.3. Loop Marking

9.3.1. Invalid Loop Marking nessages
A Loop Marking nmessage (LM, received by an CDVRP- ASYM Router, is
i nvalid and MJST be di scarded without further processing, and in
particul ar MUST NOT be considered for forwarding, if:
0 The address length carried by the Loop Marking Message (see

Section 6) differs fromthe | ength of the addresses of the ODVRP-
ASYM Rout er .

0 head(LM AddressList) is not an address of this Router.

9.3.2. Loop Marking CGeneration
A Loop Marking Message MJUST be generated by an ODVRP- ASYM Rout er upon
receiving a Loop Discovery (referenced as LD in the foll ow ng)
message advertising a valid closed Loop originated by this router, as
described in Section 9.2.3. A Loop Marking nessage MJST be generated
according to Section 6, with the follow ng contents, conputed from
the correspondi ng Di stance tuple and received LD nessage:
0 LM AddressLength := LD. AddressLength
0 LM MilticastGoupAddress := LD. Ml ticast G oupAddress
0 LM SourceAddress := LD. Destination
0 LM AddresslList := LD. AddressLi st

0 LM LoopSunmit := LD. LoopSunmit
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(o]

9. 3.

LM SequenceNunber := D seqg_num (fromthe correspondi ng Di stance
tupl e)

Loop Marking Processing

Upon receiving a valid Loop Marking nessage, an ODVRP- ASYM Rout er
proceeds as foll ows:

1.

If LM LoopSummit = 1, this Router is the Loop Summit for this
Loop, and MUST do the foll ow ng:

1. Find the Routing Tuple (corresponding Routing Tuple) in the
Routing Set such as:

+ R source = LM SourceAddress.

2. |If no such tuple exists, the Loop Marking nessage is invalid
and MJUST be di scarded wi thout any further processing.

3. Create a new Join Reply with the follow ng fields:
+ JR AddressLength := LM AddresslLengt h.
+ JR Multicast GoupAddress := LM Mil ticast G oupAddr ess.
+ JR AckRequired := 0.

+ JR SourceAddress := LM Sour ceAddr ess.

+ JR SequenceNumnber R _seq_num

+ JR Next HopAddress : = R _next_hop.

The new Join Reply is then considered for forwarding,
according to [ CDVRP] .

If LM LoopSummit = 1 or LM LoopSumit = NO SUMM T, then this
Router is either the Loop Sumit, or after the Loop Summit in the
correspondi ng Loop. Hence, it MJIST join the correspondi ng
forwardi ng group by adding or updating an entry in its forwarding
tabl e, by proceeding as foll ows:

1. Find the Forwarding Tuple (matching Forwarding Tuple) in the
Forwar di ng Tabl e such as:

+ F_multicast_group = LM Ml ticast G oupAddr ess.
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+ F_source = LM Sour ceAddress.

2. If no matching Forwarding Tuple is found, create a Forwarding
Tupl e with:

+ F_multicast_group := LM Milticast G oupAddress.
+ F_source := LM Sour ceAddress.
+ F_seg_num:= -1.
+ F_exp_tine := FG TI MEQUT.
3. The matching Forwardi ng Tuple, existing or new, is compared
with the matching Routing Tuple: if F_seq_num <=
LM Sour ceSequenceNunber, then update the tuple as follows:
1. F_seq_num:= LM SourceSequenceNunber.

2. Set F exp_time := current-time + FG_TI MEQUT.

3. The Loop Marking nessage is then considered for forwarding,
according to Section 9. 3.4.

9.3.4. Loop Marking Message Forwardi ng

10.

A Loop Marking nessage, considered for forwardi ng, MJST be updated as
fol | ows:

0 Renove the first address from LM AddressList, i.e., set
LM AddressList to tail (LM AddressList). |f LM AddressLi st becones
enpty, the Loop Marking message MJUST be di scarded and MJST NOT be
processed further.

o |If LMLoopSummit !'= NO SUMM T, then update LM LoopSumit such that
LM LoopSummit := LM LoopSunmit - 1, or LM LoopSummit : =
NO LOOPSUMM T if LM LoopSummit = 1.

The Loop Marking nmessage is then transmtted in unicast to the ODVRP-
ASYM Router, identified by head(LM AddressLi st).

Security Considerations

As an extension of ODMRP, this protocol inherits fromall the
security considerations described in [ODMRP]. This docunent does not
currently describe additional security concerns or specify any other
security neasure.
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11. | ANA consi derations

The 1ANA is requested to assign two new nessage types for Loop

Di scovery and Loop Marking nessages, as well as one Message- Type-
Speci fic TLV Type and one Message- Type- Speci fic Address bl ock TLV
registry for each of those nessage types, as specified bel ow

11.1. Loop Discovery registries

I ANA is requested to create a registry for Message- Type-specific
Message TLVs for LD nessages, in accordance with Section 6.2.1 of
[ RFC5444], and with initial assignnents and allocation policies as
specified in Table 3.

Fomm e o TSRS B +
[ Type | Description | Allocation policy |
oo e oo +
[ 128 | LOOPSUMT | [
[ 129 [ M NHC [ [
| 130-223 | Unassigned | Expert review |
Fomm e o TSRS B +

Tabl e 3: Loop Discovery Message- Type-Specific TLV types

Al'l ocation of the LOOPSUM T and M NHC TLVs fromthe LD Message- Type-
specific Message TLV types in Table 3 will create two new Type
Extension registries, with assignnments specified in Table 4 and

Tabl e 5.

o a oo S e e e e oo +
| Type Extension | Description | Allocation policy |
B B TS B +
| 0- 255 | Unassigned | Expert review |
S S S +

Table 4: LD Message TLV Type assignnent: LOOPSUWM T

B B TS B +
| Type Extension | Description | Allocation policy |
S S S +
| 0- 255 | Unassigned | Expert review |
o a oo S e e e e oo +

Table 5: LD Message TLV Type assignnent: M NHC
I ANA is requested to create a registry for Message- Type-specific

address block TLVs for LD nessages, in accordance with section 6.2.1
of [RFC5444], and with initial assignnents and allocation policies as
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specified in Table 6.

Fomm e o TSRS B +
[ Type | Description | Allocation policy |
oo e oo +

128 | ADDR-TYPE | |
| 129-223 | Unassigned | Expert review |
Fomm e oo - o m e e oo o - ) +

Tabl e 6: Loop Discovery Message- Type-specific address bl ock TLV types

Al'l ocation of the ADDR-TYPE TLV from the LD Message- Type-specific TLV
Address block TLV Types will create a new Type extension registry,
with assignnents specified in Table 7.

e e e e o m e e e e e oo oo S +
| Type Extension | Description | Al'location policy |
o a oo oo e e e e aao oo s e e e e oo +
[ 0 | MULTI CAST- GROUP- ADDRESS | [
| 1 | DESTI NATI ON- ADDRESS | |
| 2 | ADDRESS- LI ST | |
[ 3- 255 [ Unassi gnhed [ Expert review |
o e e oo oo e e e e eie oo s e e e e o n +

Table 7: LD Message Address block TLV Type assignnents: ADDR- TYPE
11.2. Loop Marking registries

I ANA is requested to create a registry for Message- Type-specific
Message TLVs for LM nessages, in accordance with Section 6.2.1 of
[ RFC5444], and with initial assignnents and allocation policies as
specified in Table 8.

Fomm e - e e e - S +
| Type | Description | Allocation policy |
oo oo e +
[ 128 | LOOPSUMWM T | [
| 129-223 | Unassigned | Expert review |
Fomm e o TSRS B +

Tabl e 8: Loop Discovery Message- Type-Specific TLV types
Al'l ocation of the LOOPSUM T TLV fromthe LM Message- Type-specific

TLV Types will create a new Type extension registr, with assignnents
specified in Table 9.
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T . T +
| Type extension | Description | Allocation policy |
S TSRS B +
[ 0- 255 | Unassigned | Expert review |
S . - +

Table 9: LM Message Types assignnents: LOOPSUWM T

I ANA is requested to create a registry for Message- Type-specific
address block TLVs for LM nessages, in accordance with section 6.2.1
of [RFC5444], and with initial assignments and all ocation policies as
specified in Table 10.

[ B TS B +
| Type | Description | Allocation policy |
E S S S +

128 | ADDR-TYPE | |
| 129-223 | Unassigned | Expert review |
T o m e Fom e e e e oo +

Tabl e 10: Loop Marking Message- Type-specific address block TLV types

Al'l ocation of the ADDR-TYPE TLV fromthe LM Message- Type-specific TLV
Address block TLV Types will create a new Type extension registry,
wi th assignnents specified in Table 11.

S o e +
| Type Extension | Description | Allocation policy |
o e e oo oo e e e e eie oo n e e e e o n +
[ 0 |  MULTI CAST- GROUP- ADDRESS | [
[ 1 | MULTI CAST- SOURCE- ADDRESS | [
| 2 | ADDRESS- LI ST | |
| 3-255 | Unassi gned | Expert review |
S e S +

Tabl e 11: LD Message Address bl ock TLV Type assignnents: ADDR- TYPE
12. Acknow edgenent s
The authors would like to thank Yeng-Zhong Lee, Joon-Sang Park, and

Yunjung Yi for their work on the original protocol, as published in
[ ODVRP_ASYM .

13. References

Gerla, et al. Expi res May 20, 2015 [ Page 22]



Internet-Draft ODVRP- ASYM Novenber 2014

13.1. Normmtive References

[ OCDVRP] Yi, Y., Lee, S., Su, W, Gerla, M, and A Colin de
Verdi ere, "The On Demand Multicast Routing Protocol",
draft-gerla-nmanet-odnrp (work in progress).

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", RFC 2119, BCP 14, March 1997.

[ RFC5444] dausen, T., Dearlove, C., Dean, J., and C. Adjih,
"CGeneral i zed MANET Packet/ Message Format", RFC 5444,
February 2009.

13. 2. I nformati ve References

[ CDMRP_ASYM
CGerla, M, Lee, Y., Park, J., and Y. Yi, "On Demand
Mul ticast Routing Wth Unidirectional Links".

Appendix A.  Illustrations

This section shows exanpl es of CODVRP- ASYM control nessages encoded
usi ng [ RFC5444]. [RFC5444] specifies that a packet is forned by a
packet header, an optional TLV block and zero or nobre nessages.
ODMRP- ASYM does not use any packet TLV, and the m ni mal packet header
requi red by ODVRP- ASYM does not differ fromthe one required by ODVRP
(see [ CDVRP], Appendix B).

A. 1. Loop Discovery nessage

LD nmessages are instances of [RFC5444] nessages. This section
illustrates an exanpl e of LD message.

The LD nessage’s header has the bits 1 (nmhashoplinit) and 2
(mhashopcount) set, indicating that the hop count and hop limnit
fields are present, but not the originator address and sequence
nunber. Its address length field is set to 3, indicating that the
addresses carried by this nmessage are 3 + 1 = 4 octets long. The
overall nessage length is 56 octets.

Both the LD. LOOPSUM T and LD. M NHC field are required, and encoded
by the two TLVs with correspondi ng types that the nessage carries,
with respective values LS and MHC.

The nmessage has 3 address blocks. The first two encode

LD. Mul ti cast G oupAddress and LD. Desti nati on respectively, and have a
flag octet (ABF) value of 0, hence with no Tail or Head section, and
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a Md section of length 4 octets. The third address bl ock encodes
LD. Addr essLi st, and contains 4 addresses, sharing a 3 octets prefix
(Head), as specified by the Field octet value of 128 (bit 0 set).
These address bl ocks have each one associ at ed Message- Type-specific
Address bl ock TLV of type ADDR- TYPE and type extension O ( MULTI CAST-
GROUP- ADDRESS), 1 (DESTI NATI ON- ADDRESS) and 2 ( ADDRESS- LI ST)

respectively.

0 1 2

3

01234567890123456789012345678901

B R o s s S S S S S
| Loop Discovery |0 1 1 0] MAL=3
R e o T R S e ot o HI D S R

+
I
+
Hop limt | Hop count |

B T St S i S N
Message Size = 56 |

B T it I S S S i i
TLVs Length = 8

T S i iy T S i o S SRS S S e S S S

LOOPSUM T |0 OO0 100 0 0 Length =

M NHC [O001000Q| Length =1
+

+- +-
Num Addrs =
+- +- - +-

o e e e -
1
+

Ad

+

ADDRTYPE |1 00000 O0Q| 0

Val ue = LS

Val ue = MHC

+
++++++++++++++++++++++++++++++++
+

e s T i S i N N o

| ABF = 0 | Mul ticast G oup |
R R i ol s s S S e S i T e i I TN S
r

dress [ Addr - TLV bl k Length = [
+++++++++++++++++++++++++

Num Addrs = 1]

e i i S i i S ik St NI SN

ABF = 0 | Destination

Addr ess [ Addr - TLV bl k Length =
+++++++++++++++++++++++
10000000 1 | Num Addrs = 3
T e s i e o e e e S X
Head | ength = 3] Head
+- +- +

3
ADDR- TYPE |

B L S S
|1
B L T S S

000000 O
I

T S S s i S S S i w1 o S SIS S S S S S S

Addr 1 | Addr 2 | Addr 3

Addr 4 |

D i S it S NI N S S S S S D ik St SN N aup

[1000O0O0O0 Q]
e i i i I i i S ik S N N

Addr-TLV bl k length = 3 |  ADDR TYPE

2 I
B i St S S

Figure 1

A. 2. Loop Marking nessage

LM nmessages are instances of [RFC5444] nessages.

illustrates an exanpl e of LM nessage.

I
+
I
+
I
+
I
+
|-
+
I
+
| ..
e e e e SR S S i S S S S i N
|-
+
I
+
I
+
I
+
I
+
I
+

Thi s section

The LM nessage’s header has only the bit 3 (mhasseqnun) set,
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i ndicating that the sequence nunber field is present, but that the
ori gi nator address, hop count and hop limt fields are omitted. |Its
address length field is set to 3, indicating that the addresses
carried by this nmessage are 3 + 1 = 4 octets long. The overall
nmessage length is 52 octets.

The message contai ns one Message- Type-specific TLV, of Type
LOOPSUMM T and value LS = LM LoopSummi t.

The message has 3 address blocks. The first two encode

LM Mul ti cast G oupAddress and LM Destination respectively, and have a
flag octet (ABF) value of 0, hence with no Tail or Head section, and
a Md section of length 4 octets. The third address bl ock encodes
LM Addr essLi st, and contains 4 addresses, sharing a 3 octets prefix
(Head), as specified by the Field octet value of 128 (bit 0 set).
These address bl ocks have each one associ at ed Message- Type-specific
Address bl ock TLV of type ADDR- TYPE and type extension O ( MULTI CAST-
GROUP- ADDRESS), 1 (MJLTI CAST- SOURCE- ADDRESS) and 2 ( ADDRESS- LI ST)
respectively.

Gerla, et al. Expi res May 20, 2015 [ Page 25]



Internet-Draft

0 1

CDVRP- ASYM

2

Novenber 2014

3

01234567890123456789012345678901
e T a S i i SR

Loop Marking |0 O O 1] MAL=3 | Message

Size = 52 [

e S i i it JUiE S S S S R U U S D it SHr SN N

Sour ce Sequence Nunber
+- +-
LOOPSUMT |0002100
+- +-
Num Addrs = 1 | ABF = 0
+- +-

Addr ess

[ TLVs Length = 4
e e b i S S e e e e R CE b

0 0] Length = 1

B T i T i S S e T
[ Mul ticast G oup
o e e e e e e e e e e b e e e e e e e e e e e e e e e e e
[ Addr - TLV bl k Length = 3

+
S

+|—+

I
+- +
| Val ue = |
+- - -+
o
+
I

e i i S i i I S it Sk N N

ADDR-TYPE |1 00000

0 0 0

|  Num Addrs = 1]

i S i sl S I S S

i i S it it i N S S S S S il St SN N SN SR

Sour ce

Addr ess [ Addr - TLV bl k Length = 3

+++++++++++++
1000000 Q0| 1
B o o ok ok S S S e e
Head | ength = 3|
+- +- +-

ot e e e e e e -+

| Num Addrs = 3

R R o o o o
Head

3y
ADDR- TYPE |

10000000
B S S

I

B ke
I
+

T T e S S S A R &

Addr 1 [ Addr 2
e

+
Addr - TLV bl
B i St S

2
oo e e e e -

+

I

+

I

+

I

+

I

+

| .

+

I

+

[ ABF = 0 [
+

| .

+

I

+

I

+

I

+- +-
| length = 3
+- +-

I

+

+
k
+-
I

+

Aut hor s’ Addr esses

Mario Gerla

University of California, Lo
3732F Boel ter Hall

Conput er Sci ence Depart nent
University of California
Los Angel es, CA 90095-1596,
USA

Phone: +1 310 825-4367
Emai | : gerla@s. ucl a. edu

Gerla, et al. Expi r

[ Addr 3

| ADDR- TYPE

Fi gure 2

s Angel es

es May 20, 2015

[ Addr 4 [

i i S i i e e

1000000 O

B S i S i Sl SR S S

[ Page 26]



Internet-Draft ODVRP- ASYM Novenber 2014

Soon Young Ch

Ut opi aConpr essi on Cor porati on

Enai | : soon@ut opi aconpr essi on. com
Axel Colin de Verdiere

University of California, Los Angeles

Emai | : axel @xel cdv. com

Gerla, et al. Expi res May 20, 2015 [ Page 27]






