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Abst ract

Thi s docunent proposes sone experinmental enhancenents to the base
solution to support IP nmulticasting in a Proxy Mbile IPv6 (PM Pv6)
domain. These enhancenents include the use of a nulticast tree
mobi | ity anchor as the topol ogi cal anchor point for multicast
traffic, as well as a direct routing option where the Mbile Access
Gat eway can provide access to nulticast content in the | ocal network.
The goal of these enhancenents is to provide benefits such as
reducing multicast traffic replication and supporting different

PM Pv6 depl oynent scenari os.

Status of This Meno

Thi s docunent is not an Internet Standards Track specification; it is
publ i shed for exam nation, experinental inplenmentation, and
eval uati on.

Thi s docunent defines an Experinmental Protocol for the Internet
comunity. This docunment is a product of the Internet Engineering
Task Force (IETF). It represents the consensus of the | ETF
community. It has received public review and has been approved for
publication by the Internet Engineering Steering Goup (IESG. Not
al | docurents approved by the IESG are a candi date for any |evel of
Internet Standard; see Section 2 of RFC 5741

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it may be obtained at
http://ww.rfc-editor.org/info/rfc7028
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1.

I nt roducti on

Proxy Mobile I Pv6 [ RFC5213] is a network-based approach to sol ving
the IP nobility problem In a Proxy Mbile IPv6 (PM Pv6) domain, the
Mobi |l e Access Gateway (MAG behaves as a proxy nobility agent in the
network and perfornms the nobility managenent on behal f of the Mobile
Node (MN). The Local Mbility Anchor (LMA) is the home agent for the
MN and the topol ogi cal anchor point. PMPv6 was originally designed
for unicast traffic. However, a PMPv6 domain may handl e data from
bot h unicast and nmulticast sources.

The I nternet Group Managenent Protocol (IGwWv3) [ RFC3376] is used by
I Pv4 hosts to report their I P rmulticast group nenberships to

nei ghboring nulticast routers. Milticast Listener Di scovery Version
2 (M.Dv2) [RFC3810] is used in a simlar way by IPv6 routers to

di scover the presence of IPv6 nulticast hosts. Al so, the | GW/ M.D
proxy specification [ RFC4605] allows an internediate (i.e., edge)
node to appear as a nulticast router to downstream hosts and as a

host to upstreammulticast routers. |1GW- and M.D-rel ated protocols
however were not originally designed to address the IP nobility of
multicast listeners (i.e., 1GW and M.D protocols were originally

desi gned for fixed networks).

A base solution to support both IPv4 and I Pv6 nmulticast |istener
mobility in a PMPv6 domain is specified in [ RFC6224], which

descri bes depl oyment options without nodifying nmobility and mul ticast
protocol standards. PMPv6 allows a nobile access gateway to
establish nmultiple PMPv6 tunnels with different |ocal mobhility
anchors, e.g., up to one per nobile node. 1In the presence of

mul ticast traffic, multiple instances of the same traffic can
converge to the same MAG Hence, when IP multicasting is applied
into PMPv6, it may lead to redundant traffic at a MAG This is the
tunnel convergence problem

In order to address this issue, this docunment proposes an
experinental solution, consisting of two conpl enentary enhancenents:
mul ti cast anchor and direct routing. The first enhancement makes use
of a Miulticast Tree Mobility Anchor (MIMA) as the topol ogi cal anchor
point for renotely delivering multicast traffic, while the second
enhancenent uses direct routing taking advantage of |ocal nulticast
source availability, allowing a nobile access gateway to connect
directly to a nulticast router for sinple access to | ocal content.
Neit her of the two schenes has any inpact on the nobile node to
support IPv4 and I Pv6 nulticast listener mobility, nor on the w der
Internet, as they only affect the PM Pv6 domai ns where they are

depl oyed. Although references to "M.D proxy" are used in the
docunent, it should be understood to also include "I GvW/ M.D proxy"
functionality (see Section 8 for details). The status of this
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proposal is Experimental. The status of this proposal may be
reconsidered in the future, once nore inplenmentation feedback and
depl oynent experience is gathered, reporting on the performance of
the two proposed schenes as well as operational feedback on schene
sel ecti on.

2. Term nol ogy

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

Thi s docunent uses the terminology defined in [ RFC5213], [RFC6275],
and [ RFC3810]. Specifically, the definition of PMPv6 domain is
reused from [ RFC5213] and reproduced here for conpleteness.

Proxy Mobile | Pv6 Domain (PM Pv6-Donain): Proxy Mbile | Pv6 domain
refers to the network where the mobility managenent of a nobile
node i s handl ed using the Proxy Mbile I Pv6 protocol as defined in
[ RFC5213]. The Proxy Mobile 1 Pv6 domain includes |ocal nmobility
anchors and nobil e access gat eways between which security
associ ations can be set up and authorization for sending proxy
bi ndi ng updates on behalf of the nobile nodes can be ensured.

In this docunent we refine the definition fromthe point of view of
the kind of traffic served to the MN in the follow ng way:

PM Pv6 uni cast domain: PM Pv6 unicast domain refers to the network
covered by one LMA for unicast service. This service supports
mobility as the MN noves from one MAG to anot her one, both
associ ated with the sane LMA regarding the MN unicast traffic.

PM Pv6 multicast domain: PMPv6 nmulticast domain refers to the
net work covered by one network el enent naned MIMA (defined bel ow)
for multicast service in such a way that an MN using that service
is not anare of nobility as it noves fromone MAG to anot her.

Fromthe definitions above, it can be stated that a PM Pv6 donmmi n can
have several PM Pv6 uni cast domains and PM Pv6 nulti cast domai ns.
Additionally, sone other definitions are introduced, as follows.

MIMA or nulticast tree nobility anchor: An entity working as
topol ogi cal anchor point for nulticast traffic. |t manages the
mul ti cast groups subscribed by all (or a subset of) the MAGs in a
PM Pv6 multicast domain, on behalf of the M\s attached to them
Hence, an MIMA perforns the functions of either a designated
mul ticast router or an M.D proxy.
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H LMA or Hybrid-LMA: An entity that is dedicated to both unicast and
mul ti cast services and able to work as both LMA and MINVA
si mul t aneousl y.

Direct routing: This schene uses the native multicast infrastructure
for retrieving multicast data. For an operator having its own
| ocal content, this technique also includes the case where the
content source is directly connected to the MAG

Subscription via MIMA: Ml ticast subscription node in which the
content is retrieved fromthe renote (or hone) MIMA

Subscription via direct routing: Milticast subscription node in
which the content is retrieved using direct routing fromthe |oca
domai n.

3. Overview
3.1. MIMA/Direct Routing Mdde Sel ection

Thi s specification describes two conpl enentary operati onal nodes that
can be used to deliver multicast traffic in a PM Pv6 domai n:

mul ticast tree nobility anchor and direct routing. There are

di fferent approaches that can be followed to performthis operationa
nmode sel ection, depending on the operator’s preferences and PM Pv6
depl oynent characteristics. For exanmple, the node can be manual |l y
configured at the nobile access gateway, according to the nulticast
tree deploynent in the PM Pv6 donain, follow ng operator’s
configuration of the nmulticast distribution on it. Another option is
the use of dynanic policies, conveyed in the PBU (Proxy Binding
Update) / PBA (Proxy Binding Acknow edgenent) signaling using the
Dynamic I P Multicast Selector option described in Section 5.1. Next,
each of the two operational npbdes is introduced.

3.2. Milticast Tree Mbility Anchor (Subscription via MIM)

A multicast tree mobility anchor is used to serve as the mobility
anchor for nulticast traffic. The MIMA is either a designated

mul ticast router or an MLD proxy. Typically, the MIMA will be used
to get access to renote nmulticast content.

The nulticast tree nobility anchor connects to the nobile access
gateway, as described in [RFC6224], and it can reuse native PM Pv6
features such as tunnel establishment and security [RFC5213],

heart beat [ RFC5847], etc. Unicast traffic will go normally to the
| ocal mobility anchors in the PM Pv6 donmmi n as described in

[ RFC5213]. A MAG connecting to the MIMA acts as an M.D proxy.
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This section describes how the MIMA works in scenarios of M
attachnent and multicast nobility. It concentrates on the case of
both LMA and MIMA defining a unique PM Pv6 domain. Sone ot her
depl oynent scenarios are presented in Appendi x A

Figure 1 shows an exanple of a PM Pv6 domai n supporting multicast
mobility. The local nobility anchor is dedicated to unicast traffic,
and the nmulticast tree mobility anchor is dedicated to multicast
traffic. The MIMA can be considered to be a form of upstream

mul ticast router with tunnel interfaces allow ng subscription via
MIMA for the MN\s.

As shown in Figure 1, MAGL may connect to both unicast (LMA) and

mul ticast (MIMA) entities. Thus, a given MN may sinultaneously
receive both unicast and nulticast traffic. In Figure 1, MN1 and M2
receive unicast traffic, multicast traffic, or both, whereas M\3
receives nulticast traffic only.
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Figure 1: Architecture of Milticast Tree Mbility Anchor (MIMA)
3.3. Direct Routing (Subscription via Direct Routing)

Direct routing uses a native nmulticast infrastructure, allow ng a
nmobi | e access gateway to directly connect to a nulticast router (as
next hop) in the PMPv6 domain. A MAG acts as an M.D proxy.

The main purpose of direct routing is to provide optinal connectivity
for local content. As a consequence, it replaces the MIMA of the
channel managenent and data delivery of locally avail able content.
Unicast traffic will go as nornally to the LMAs in the PM Pv6 donmi n.
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This section describes how the direct routing works in scenarios of
MN attachrment and nulticast nobility.
Mul ticast Tree

|| - PMPv6 Tunnel

R + R + | - Milticast Data Path
I LMA I I MR I
TS + TS +

[\ / |

| \\ / |

| \\ / |

| \\ / |

| \\ / |

| \\ |

| | \\ I

| I\ |

| [\ |

| / \\ |

| / \\ |

| / \\ |
S SRR + S SRR +
|  MAGL | | MAR | M.D proxy
T + T +
Fom e e - - + Fom e e - - +
| ML | ----- > |  MN1 |
+o-m - - + +o-m - - +

Figure 2: Architecture for Direct-Routing-Based PM Pv6 Milticasting

Figure 2 shows the architecture for the local routing case using
native nulticasting infrastructure [ PM P6- REQ .

The local nobility anchor is dedicated to unicast traffic, and the
multicast traffic is obtained froman upstream nulticast router
present in the PMPv6 domain. Note that there can be multiple LMAs
for unicast traffic (not shown in Figure 1 for sinplicity) in a given
PM Pv6 dormai n.

As shown in Figure 2, a npbile access gateway nmay connect to both
uni cast (LMA) and multicast routers (MRs). Thus, a given nobile node
may simul taneously receive both unicast and nulticast traffic.

As seen in Figure 2, each MAG has a direct connection (i.e., not
using the PM Pv6 tunnel interface) with a nulticast router.

Dependi ng on the multicast support on the visited network, different
schenas can be used to provide this direct connection between the
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MAGs and the nulticast router(s), e.g., being connected to the sane
shared link or using a tunneling approach, such as Generic Routing
Encapsul ati on (GRE) tunnels [RFC2784] or Automatic Milticast
Tunneling (AMI) [AUTQ. To facilitate | Gw/ M.D signaling and

mul ticast traffic forwarding, an M.D proxy function defined in

[ RFC4605] SHOULD be inplemented in the MAG  There SHOULD be direct
connectivity between the MAG and the | ocal multicast router (or
addi ti onal M.D proxy).

4. Mobile Access Gateway Qperation

Thi s section describes the operation of the nobile access gateway,
considering that the MAG i ncorporates M.D proxy functions as per
[ RFC4605] .

4.1. Extensions to Binding Update List Data Structure

A Binding Update List (BUL) at the MAG |ike the one specified in

[ RFC5213], MJST be nmmintained to handle the relationship between the
serving entities (e.g., MIMA and LMA) and the mobil e nodes for both
uni cast and multicast traffic.

4.2. MAG as M.D Proxy
4.2.1. MIMA Mbde (Subscription via MIMA)

In case of subscription via MIMA, all MAGs that are connected to the
MIMA nust support the M.D proxy function [ RFC4605]. Specifically in
Figure 1, each of the MAGL- MTMA and MAG2- MTMA tunnel interfaces
define an MLD proxy domain. The nobile nodes are considered to be on
the downstreaminterface of the M.D proxy (of the MAG, and the MIMA
is considered to be on the upstreaminterface (of the MAG as per

[ RFC4605]. Note that the nobile access gateway could also be an | GW

pr oxy.

Figure 3 shows the procedure when MN1 attaches to a MAG and
establ i shes associations with the LMA (unicast) and the MIMVA
(mul ticast).
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VN1 MAGL LMA M VA
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I
I
I
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M.D Report (Q
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I I
Figure 3: MN Attachment and Multicast Service Establishnent for MINVA
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In Figure 3, the MAG first establishes the PMPv6 tunnel with LMA for
unicast traffic as defined in [ RFC5213] after being triggered by the

Router Solicitation nmessage fromMN1l. Unicast traffic will then flow
bet ween MN1 and LMNA

For multicast traffic, a rmulticast tunnel may have been pre-
configured between MAG and MIMA, or may be dynamically established
when the first MN appears at the MAG

MN1 sends the M.D report nmessage (when required by its upper-I|ayer
applications) as defined in [RFC3810] in response to an M.D Query
from MAG (generated as defined by [ RFC6224] upon handover). The NMAG
acting as an M.D proxy defined in [ RFC4605], will then send an
Aggregated M.D Report to the nulticast anchor, MIMA (assum ng that
this is a new nulticast group that the MAG had not previously
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subscribed to). Milticast traffic will then flow fromthe MIMA
towards MN1. The MIMA acts as an M.D Querier, so it wll
periodically query each nobil e access gateway about the subscriptions
it maintains (not shown in Figure 3).

W next consider a nobility scenario in which MNL with an ongoi ng
mul ti cast subscription noves fromone MAG to another MAG  According
to the baseline solution signaling nmethod described in [ RFC6224],
after MN1 mobility, the new nobile access gateway acting in its role
of MLD proxy will send an MLD Query to the newly observed nobil e node
on its downlink. Assum ng that the subsequent M.D Report from MN1
requests nenbership for a new nulticast group (fromthe new MAG s

poi nt of view), this will then result in an Aggregated M.D Report
being sent to the MIMA fromthe new nobil e access gateway. This
message will be sent through a multicast tunnel between the new MAG
and MIMA (pre-established or dynam cally established).

When MN1 detaches, the old MAG may keep the multicast tunnel with the
mul ticast MIMA if there are still other MNs using the nulticast
tunnel. Even if there are no mobile nodes currently on the nulticast
tunnel, the old MAG may decide to keep the multicast tunnel
tenmporarily for potential future use.

As di scussed above, existing M.D (and M.D proxy) signaling wll
handle a large part of the multicast nobility managenent for the
mobi | e node.

4.2.2. Direct Routing Mdde (Subscription via Direct Routing)

In this case, the M.D proxy instance is configured to obtain the
mul ticast traffic locally. Figure 4 shows an exanple of multicast
service establishnent. The mobile access gateway first establishes
the PMPv6 tunnel with the Iocal nobility anchor for unicast traffic
as defined in [ RFC5213] after being triggered by the Router
Solicitation nmessage fromthe nobile node. Unicast traffic will then
fl ow between the MN and LMA

For multicast traffic, it is assumed that the upstreaminterface of
the MLD proxy instance has been configured pointing to a multicast
router internal to the PM Pv6 domain (or towards an additional M.D
proxy node in the domain), for all the multicast channels (which, in
consequence, have to be local). There should be direct connectivity
bet ween the MAG and the local nulticast router (or additional MD

pr oxy) .

Zuniga, et al. Experi ment al [ Page 11]



RFC 7028 Multicast Mbility Routing Optim zations Septenber 2013

VN1 MAGL LMA MR
| (MLD proxy) (Uni cast) (Ml ticast)
MN1 attaches to MAGL

M.D Report (Q

S Mul ticast Traffic----------------- >

Figure 4: Milticast Service Establishment for Direct Routing

I
I I I
|----Rtr Sol --------- >| | |
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| | Tunnel | |
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I I I I
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mul ticast services | | |
I I I
--M.D Report (Q---->| | |
I I I
| ----Aggregated------------ >|
I I
I I
I I
I
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Upon detecting node attachnent froman incomng interface, the MAG
adds each downstreaminterface to the M.D proxy instance with an
upstreamlink to an MR according to the standard M.D proxy operations
[ RFC4605] and sends an MLD Query message towards the MN. The nobile
node sends the M.D report nessage (when required by its upper-|ayer
applications) in response to an MLD Query fromthe MAG  Upon
receiving the M.D Report nessage from each incomng interface, the
MAG checks the M.D proxy instance associated with the downstream
interface and then the MLD Report nessages will be aggregated and
forwarded to the upstream|ink associated with the MR (assum ng that
this is a new nulticast group that the MAG had not previously
subscribed to). Milticast traffic will then flow fromthe | ocal
mul ticast router towards the nobil e node.

Zuniga, et al. Experi ment al [ Page 12]



RFC 7028 Multicast Mbility Routing Optim zations Septenber 2013
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Figure 5: Milticast Mbility Signaling for Direct Routing

Figure 5 shows the handover operation procedure for the direct
routing operation node. Wen MN1 hands off to the next MAG (N MAG
fromthe previous MAG (P-MAG, the N-MAG detects the newy arrived
attached nobil e node and perforns bindi ng update procedure by
exchangi ng PBU PBA signaling messages with LMA. At the sane tine, an
M.D proxy instance detecting MNL transmits an M.D query nessage to
the mobil e node. After receiving the M.D query message, M1 sends an
M.D report nessage that includes the nmulticast group information.

The N-MAG then sends an aggregated M.D report nessage to the upstream
link associated with the MR  An upstreaminterface of M.D proxy
instance is chosen towards certain nulticast router. The upstream
interface selection can be done according to dynanic policies
conveyed in the Dynamic IP Milticast Selector option (as described in
Section 5.1) or according to nmanually configured policies. Note that
in the base solution defined in [ RFC6224], the interface selection is
determ ned for each MN based on the Binding Update List. When the
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N-MAG receives the multicast packets fromthe MR it then sinply
forwards them wi t hout tunnel encapsul ation. The N MAG updates M\1l's
|l ocation information to the LMA by exchangi ng PBU PBA signaling
nmessages.

5. Local Mobility Anchor Operation

This section includes a new mobility option to support dynanic
policies on subscription via MIMV direct routing based on the | ocal
mobi l ity anchor conveying the required info to the nobile access
gateway in the proxy binding acknow edgenent nessage.

5.1. Dynamic IP Milticast Selector Option
5.1.1. Option Application Rules

A new TLV-encoded nmobility option, the Dynamc IP Milticast Selector
option, is defined for use with the proxy binding acknow edgenent
message exchanged between an LMA and a MAG to convey dynanic policies
on subscription via MIMV direct routing. This option is used for
exchangi ng the I P addresses of both the group subscribed to by the
MN, and the source(s) delivering it, as well as the applicable filter
nmode. This information is carried by using directly the Milticast
Address Record format defined in [RFC3810]. There can be multiple
"Dynamic |IP Multicast Selector" options present in the nmessage, up to
one for each active subscription maintained by the WM

5.1.2. Option Format

The format of this new option is as follows:
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Type:
54
Lengt h:

8-bit unsigned integer indicating the length of the option in
octets, excluding the type and length fields.

Pr ot ocol

Field used to identify the multicast nmenbership protocol in use,
and the correspondi ng format of the next Milticast Address Record.
This field maps the type codification used in the original MD
specifications for the Report nessage, namely for MDv2 [ RFC3810]
the Protocol value MJUST be 143, whereas for M.Dvl [ RFC2710] the
Prot ocol val ue MJUST be 131.

Dynamic IP Miulticast Selector Mode Flag (Mbit):
This field indicates the subscription via MIMA direct routing
nmode. If the (M flag value is set to a value of (1), it is an

indication that the IP nulticast traffic associated with the
mul ticast group(s) identified by the Miulticast Address Record(s)
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inthis mobility option SHOULD be routed locally (subscription via
direct routing mode). |If the (M flag value is set to a value of
(0), it is anindication that IP nulticast traffic associated with
the nmulticast group(s) identified by the Milticast Address Record
inthis nmobility option(s) SHOULD be routed to the honme network,
via the MIMA (subscription via MIMA node). The nobil e access
gateway MAY al so choose to use static pre-established policies
instead of follow ng the indications provided by the |ocal
mobility anchor. Al other IP traffic associated with the nobile
node i s managed according to a default policy configured at the
PM Pv6 mul ticast domai n.

Reser ved:

This field is unused for now. The value MJST be initialized to O
by the sender and MJST be ignored by the receiver.

Nr of Mcast Address Records (N)

16-bit unsigned integer indicating the nunmber of Mast Address
Records (N) present in this option.

Mul ti cast Address Record:

Mul ticast subscription information corresponding to a single
mul ti cast address as defined in [RFC3810], or as defined in
[ RFC2710] for M.Dv1.

6. Milticast Tree Mbility Anchor Operation

The MIMA provi des connectivity to the nulticast infrastructure out of
the PM Pv6 domain. The MIMA itself either could act as an additi onal
M.D proxy (only in the case where all the connected nobil e access
gateways act also as M.D proxies), reporting to a further node an
aggregated view of the subscriptions in a PMPv6 nmulticast domain, or
can act as a designated nulticast router for all the MAGs in a PM Pv6
mul ti cast domain. The nulticast tree nmobility anchor will then
request the nulticast content on behalf of the MAGs (and nobil e nodes
behind thenm). In addition, the MIMA will create and maintain the
correspondi ng nmulticast forwardi ng states per each tunnel interface
towards the MAGs. Whatever the role played, when the MAGs act as M.D
proxy, the MIMA becones the M.D querier of the M.D proxy instance

| ocated in each MAG
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6.1. Conceptual Data Structures

The nulticast tree nobility anchor does not directly interact with
the nobil e nodes attached to any of the nobile access gateways. The
MIMA only nmanages the nulticast groups subscribed per MAG on behal f
of the M\s attached to it. Having this in nind, the rel evant
information to be stored in the MIMA shoul d be the tunnel interface
identifier (tunnel-if-id) of the bidirectional tunnel for multicast
bet ween the MIMA and every MAG (e.g., simlar to what is stated in

[ RFC5213] for the unicast case), the I P addresses of the nulticast
group delivered per tunnel to each of the MAGs, and the | P addresses
of the sources injecting the nmulticast traffic per tunnel to the
mul ti cast domain defined by the MIMA

7. Mbbile Node Qperation

The nobil e node operation is not inpacted by the existence of an MINVA
as anchor for the nmulticast traffic being subscribed or the use of
direct routing. The MN will act according to the stated operations
in [ RFC5213] and [ RFC6224].

Thi s docunent considers that every nobile node requesting nmulticast-
only services is previously registered in a PMPv6 unicast domain to
get a unicast | P address. The registration can also be required for
several purposes such as renote nmanagenent, billing, nulticast
configuration, etc.

A given nobile node’'s policy profile informati on nmust be updated to
be able to store the I Pv6 addresses of both the local nobility anchor
and nulticast tree mobility anchor, the later for the subscription
via MIMA case.

8. | Pv4 Support

Thi s docunent does not introduce any |Pv4-specific issue regarding

[ RFC5844]. In order for the solution to support IPv4, all the
described network elenments (i.e., MAG MIMA, and MR) nust support
IGW. In this case, the functionalities of the MAG and MIMA woul d be
as described in [RFC6224], with the MIMA replicating the requirenents
described for the LMA. For the case of the MR, it nust al so be dual -
stack (i.e., |IPv6/1Pv4) enabl ed.

Al t hough references to "M.D proxy" have been used in the document, it
shoul d be understood to also include "I Gw/ M.D proxy" functionality.

Regarding the Dynamic I P Miulticast Selector Option format, it SHOULD
consider |1Pv4 conpatibility in the follow ng way:
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Pr ot ocol fi el d:

For 1Pv4, this field maps the type codification used in the
original IGW specifications for the Report nessage, in the
foll owi ng way:

It MJUST be 0x12 in case of using | GWvl.

It MJUST be 0x16 in case of using | GWv2.

It MJUST be 0x22 in case of using | GWv3.
Mul ticast Address Record field:

This field takes different formats depending on the | GW version
bei ng used by the M\, as foll ows:

* For 1Gwvl, it takes the format given by the G oup Address in
[ RFC1112].

* For 1GWv2, it takes the format given by the Goup Address in
[ RFC2236] .

* For 1GWv3, it takes the format given by the Group Record in
[ RFC3376] .

9. | ANA Consi der ations

Thi s docunent defines a new nmobility option, the Dynamic |IP Milticast
Sel ector, which has been assigned the Type 54 by | ANA. The Type

val ue for these options has been assigned fromthe sane nunbering
space as allocated for the other nmobility options, as defined in

[ RFC6275]: http://wwv. i ana. org/ assi gnnent s/ nmobi | i ty- paramnet ers.

10. Security Considerations

Thi s docunent describes two conpl ementary operational nodes that can
be used to deliver multicast traffic in a PMPv6 donmain: mnulticast
anchor and direct routing. Different approaches are described in the
docunent to decide which operational node is selected: i) the use of
pre-confi gured/ pre-provisioned policies at the nobil e access gateway,
or ii) the use of dynamic policies. Approach ii) could introduce a
potential security issue if the protocol signaling is not properly
secured. The use of the Dynamic I P Milticast Sel ector option
described in the docunment requires nessage integrity protection and
source authentication. Hence, the |IPsec security mechani sm
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recomrended by Proxy Mobile I Pv6 [ RFC5213] MUST be used to secure the
Dynamic I P Multicast Selector option conveyed in the PBA (Proxy
Bi ndi ng Acknow edgenent) .

Thi s docunent does not introduce any additional security threats
beyond the current security considerations of PMPv6 [ RFC5213], M.D
[ RFC3810], 1 GwW [RFC3376], and | Gvw/ MLD Proxyi ng [ RFC4605] .

11. Contributors

The foll ow ng individuals nade significant contributions to this
docunent .

Akbar Rahman
InterDi gital Conmmunications, LLC
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App

A1l

A 2.

Zun

endi x A.  MIMA Depl oynent Use Cases

This informative appendi x describes, fromthe network architecture
poi nt of view, several deploynent options considering the MINVA

These options can be distinguished in ternms of the nunber of LMAs and
MIMAs present in a PM Pv6 domain and the service relationship that a
set of M\Ns gets fromthem in the formof a "LMA : MIMA'" ratio.
According to that, it is possible to differentiate the follow ng

appr oaches:

0 Aset of MN\s is served in a PMPv6 donmain by two entities, one
MIMA for multicast service, and one LMA for unicast, in such a way
that the ratiois 1:1 (one conmon PM Pv6 uni cast and mul ti cast
domai n) .

0 Aset of M\s is served in a PMPv6 donain by several entities, one
MIMA for multicast service, while the others (LMAs) for unicast,
in such a way that the ratiois N1 (N PM Pv6 uni cast domai ns
coexi st with a unique nulticast domain).

0 Aset of M\s is served in a PMPv6 domain by several entities, one
LMA for unicast, while the others (MIMAS) are devoted to nulticast
service, in such a way that the ratio is 1: N (one single PMPv6
uni cast domai n coexists with nultiple nulticast donains).

Scenarios with an N.Mratio are considered to be a conbinati on of the
previ ous ones.

PM Pv6 Domain with Ratio 1:1

Thi s approach refers to the architecture presented in Figure 1.
Wthin this approach, a comopn set of M\s is served by a coupl e of
entities, one LMA for unicast and one MIMA for multicast. Al the
MNs of the set are served by these two el enments as they nove in the
PM Pv6 domai n.

PM Pv6 Domain with Ratio N 1

Thi s approach refers to the situation where a conmon set of MNs is
served by a unique MIMA for multicast service, but sinultaneously
there are subsets fromthat group of M\Ns that are served by distinct
LMAs for unicast service as they nove in the PM Pv6 domain. Each
particul ar MN association with the LMAs (unicast) and MIMA
(rmulticast) remains always the sane as it nmoves in the PM Pv6 domain.

Figure 6 shows the scenario here described.
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Figure 6: PMPv6 Domain with Ratio N 1

Figure 6 proposes an architecture where there are two entities acting
as LMAs, LMA1l and LMA3, while there is another one, named MINVA2,
working as nulticast tree nobility anchor. LMAL and LMA3 constitute
two di stinct unicast domai ns, whereas MIMA2 forns a single multicast
domai n. The tunnels anbng MAGs and LMAs represented by lines ("|]|")
i ndicate a tunnel transporting unicast traffic, while the tunnels
anong MAGs and MIMA2 depicted with circles ("0") show a tunnel
transporting nulticast traffic.

In the figure, it can be observed that all the M\Ns are served by
MIMA2 for the incomng nulticast traffic fromsources A or B.
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However, there are different subsets regarding unicast traffic, which
mai ntain distinct associations within the PM Pv6 donmain. For

i nstance, the subset formed by MN10, MN11, M\20, and M\21 is served
by LMAL for unicast, and the rest of MNs are served by LMA3. For the
scenari o described above, the association between each MN and the
correspondi ng LMA and MIMA i s pernanently naintai ned.

A. 3. PM Pv6 Domain with Ratio 1: N

This approach is related to a scenario where a common group of MNs is
served by a unique LMA for unicast service, but simultaneously there
are subsets fromthat group of MNs that are served by distinct MIMAs
for multicast service as they nmove in the PM Pv6 domain. Different
MIMAs mi ght be associated with serving different nulticast groups.
These associ ations remain the sane even if the MNs nove within the
PM Pv6 domai n.

Fi gure 7 shows the scenari o here descri bed.
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Figure 7. PMPv6 Domain with Ratio 1: N

Fi gure 7 proposes an architecture where the LMA2 is the uni que LMA
for a certain group of MNs, while there are two other entities, MIMAL
and MIMA3, acting as MIMAs for different subsets of multicast

content. MIMAL and MIMA3 constitute two distinct multicast domains,
whereas LMA2 forns a single unicast domain. Each MIMA coul d be
devoted to carry on a different content (for instance, MIMAL for
source A and MIMA3 for source B). Looking at the figure, all M\s are
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served by LMA2 for unicast, while they might be sinmultaneously served
by MIMA1L and MIMA3, depending on the nmulticast content. For the
scenari o descri bed above, the association between nulticast content
and MIMA is permanently maintained. Note that this scenario would
require support for M.D proxy with rmultiple interfaces [ MJLTI MOB],

[ UPSTREAM, [ MLDPROXY], [MJ I MP] at the MAGs.

A4, PMPv6 Domain with H LMA

The HLMA is defined as an entity that sinultaneously transports

uni cast and nulticast service, that is, it simultaneously works as
LMA and MIMA. I n the context of the MIMA sol ution, an H LMA can pl ay
the role of MIMA for an entire group of MNs in a PM Pv6 domain, while
acting sinultaneously as LMA for a subset of them Figure 8 adapts
the PM Pv6 domain with ratio N:1 scenario of Figure 6 to the case
where MIMA2 is an HLMA, which serves multicast traffic to all the
MNs in the picture, and sinultaneously, it is able to serve unicast
traffic to the subset fornmed by M\21 and MN3O.
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Figure 8 PMPv6 Domain with H LMA

Figure 8 presents a PM Pv6 network where there are two pure unicast
LMAs, LMA1, and LMA3, and a hybrid LMA, | abeled as HHLMA in the
figure. The HLMA is an MIMA fromthe perspective of MAGL and MA(KA.
The tunnel s anong MAGs and LMAs represented by lines ("||") indicate
a tunnel transporting exclusively unicast traffic, the tunnels
depicted with circles ("0") show a tunnel transporting exclusively
mul ticast traffic, and the tunnels with mxed lines and circles
("db") describe a tunnel transporting both types of traffic

si mul t aneousl y.
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Al of the MNs in the figure receive the multicast traffic fromH LMA
(one single nulticast domain), but it is possible to distinguish
three subsets fromthe unicast service perspective (that is, three

uni cast domains). The first subset is the one formed by MN10, MN11
and M\N20, which receives unicast traffic fromLMAL. A second subset
is the one formed by M\21 and MN30, which receives unicast traffic
fromHLMA. And finally, a third subset is built on M\31, MWO0, and
MM1, which receives unicast traffic fromLMA3. For the scenario
descri bed above, the association between each MN and the
corresponding LMA and HLMA is pernmanently naintained
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