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1. Introduction

The potential egress nodes and transit nodes in a network are
nunbered or indexed from1l to the nunber of the nodes. Figure 1
shows an exanpl e network having nodes PELl to PE10 and P1 to P5, where
PE1 to PE10 are edge nodes (i.e., potential egress nodes) and Pl to
P5 are transit nodes. In this exanple, these nodes have node indexes
1 to 10 and 11 to 15 respectively. The nunber labeling a link is the
cost of the link. For exanple, 5 on the link between P5 and PE4 is
the cost of the link. The cost of a link without a nunmeric |abel is
1.

[PE2] 2
/ PEi (i=1 to 10): Edge Nodes
/ Pi(i=1 to 5): Transit Nodes
/
[P2]-------- [ PE3] 3
/ /
/ /4
/ / P2MP path/tree from
/ [ P5] PEl1 to PE2 - PE6
/ I U U
I \ .
1 [ \ \
[CE1]..... [PE1] ------ [P1]------ [ P3] \ [PE4] 4
: o\ \_ o\ /
/ \ 44
: / \ \ |/
[ PELO] [ PE9] [ PES] [P4]------ [PE5] 5
10 9 8 I\
/ \
/ \

7 [PET7] [ PE6] 6
Figure 1: Network with 10 edges and P2MP tree from PELl to PE2 - PE6

The P2MP path/tree fromingress PE1 towards egresses PE2 to PE6
(i.e., PE2, PE3, PE4, PE5 and PE6) in Figure 1 is represented by the
i ndexes of the egress nodes of the P2MP path. The indexes of PE2 to
PE6 are 2 to 6 (i.e., 2, 3, 4, 5 and 6) respectively. The indexes
are represented by a flexible bit string or the indexes directly. A
more efficient representation is used. That is that if the latter is
more efficient, the indexes are used directly; otherw se, the
flexible bit string is used.
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A controller such as PCE as a controller can have the information
about the node indexes, and send the P2MP path to the ingress of the
pat h.
After receiving a data packet fromtraffic source CEl, ingress PEl
encapsul ates the packet in a MRH with the P2MP path represented by
the indexes. The packet is transmitted along the shortest path to
each of the egresses.
Thi s docunent describes the encoding of a P2MP Path/ Tree using the
i ndexes of the egress nodes of the tree and specifies the procedure/
behavi or of the nodes along the shortest paths to the egresses.

1.1. Acronyns
The foll owing acronyns are used in this docunent:
CE: Custoner edge/equi pnent.
MRH: Muilticast Routing Header.
P2MP:  Point 2 Milti-Point.
PE: Provider Edge.

2. Encodi ng of P2MP Pat h/ Tree
Thi s section describes two basic encodings of a P2MP tree (i.e., the
egress nodes of the tree): flexible bitstring and explicit nodei ndex.
We encode the tree nore efficiently using flexible bitstring and/or
explicit nodei ndex.

2.1. Flexible Bitstring
A flexible bitstring has four fields:
1). B flag with value 1,
2). start index (Startlndex),
3). size of bitstring (S-BitString) in bytes, and
4). bitstring (BitString), where each bit with value 1 indicates a

node i ndex equal to Startlndex plus the bit nunber. Note that the
bit nunmber is counted fromleft to right and fromO.
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For exanple, the P2MP path/tree fromingress PEl to egresses PE2 -
PE6 (i.e., PE2, PE3, PE4, PE5 and PE6) in Figure 1 is represented in
Figure 2 using a flexible bitstring.

0123456789012345012345671234561738
e T S S S e i i S DU S S S S R S T S S

| 1] 2 I 1 | 11 1] 1] 1] 1] 0] 0] O]
B i s T T i i o S o T Ji I
| Bl Start| ndex | S-BitString | BitString |

Figure 2: Encoding tree fromPEl to PE2 - PE6 by a flexible bitstring

The i ndexes of egress nodes PE2 to PE6 are represented by four
fields: Bflag with value of 1, Startlndex of 15 bits with val ue of
2, the S-BitString byte with value of 1, and the BitString of 1 byte
(i.e., 8 bits) with value 0b11111000.

S-BitString = 1 indicates BitString occupies 1 byte. BitString =
0b11111000 conmbined with Startlndex = 2 indicates five node indexes
2, 3, 4, 5and 6. BitString's first bit (bit 0) with value 1
indicates the first node index 2 equal to 2 + 0; the BitString' s
second bit (bit 1) with value 1 indicates the second node index 3
equal to 2 + 1, and so on.

In this case, the encoding of the P2MP tree uses 4 bytes.
2.2. Explicit Nodei ndex

An explicit nodeindex has two fields: B flag with value of 0 and node
i ndex (Nodei ndex) representing a node index directly/explicitly.

Suppose that the indexes of egress nodes PE2 to PE6 of the P2MP tree
in Figure 1 are 2 to 6 respectively. Figure 3 illustrates the
encoding of the tree (i.e., PE2, PE3, PE4, PE5 and PE6) using
explicit nodei ndex.
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Size 0123456789012345

e i s i T e S e S

10 | 0] Nodelndex = 2 (PE2’s Index) | |
I S i it HIE RIE R TR e |

8 | 0] Nodelndex = 3 (PE3's |ndex) | Encodi ng i ndexes
i R i (I S NI R S e R S el N of PE2 to PE6

6 |0| Nodelndex = 4 (PE4’s Index) | by Explicit Nodel ndex
T e i i I N i S e e e e i |

4 | 0] Nodelndex =5 (PE5 s Index) | |
+-+-+-+-+-+-+- -+ - - - - - - -+ |

2 | 0| Nodelndex = 6 (PE6’s Index) | |

+

T R e R R e ol NI R R S R R
| Bl <-------- Nodel ndex -------- >|

Figure 3: Encoding tree fromPELl to PE2 - PE6 by explicit nodei ndex

The node index of PE2 is represented by B = 0 and Nodel ndex of 15
bits with value of 2 (i.e., Nodelndex = 2); The node index of PE3 is
represented by B = 0 and Nodel ndex of 15 bits with value of 3 (i.e
Nodel ndex = 3); ans so on.

In this case, the encoding of the P2MP tree uses 10 bytes. Using
flexible bitstring is nore efficient than using explicit nodel ndex.

2.3. Mre Efficient Encoding

We encode a tree nore efficiently using flexible bitstring and/or
explicit nodeindex. That is that we encode sone egress nodes of the
tree using flexible bitstring and the others using explicit

nodei ndex.

For the tree fromPEl towards PE2 to PE6 in Figure 1, if PE2 to PE6
have their indexes 2 to 6 respectively, we encode the tree using
flexible bitstring as shown in Figure 2. Using flexible bitstring to
encode the tree is nore efficient than using explicit nodei ndex as
shown in Figure 3.

If PE2 to PE6 have their indexes 102, 503, 904, 905 and 906

respectively, we encode the tree using flexible bitstring and
explicit nodeindex as shown in Figure 4.
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0123456789012345

i S S e Ok o S g
| O] Nodel ndex = 102 (PE2’s | ndex) | Encodi ng PE2 and PE3

I S i it HIE RIE R TR e by Explicit Nodel ndex

| O] Nodel ndex = 503 (PE3’'s | ndex)| |
e s i I R S e L - 0123456 7 PE4-PE6
Lk SR N S R R S N S S N R R i i S N R R R R e e S S o)

| 1] 904 | 1 | 1] 1] 1] 0] 0| O] O] O] Bit
ko ok SR SR R R R T R T i e R R e et S R R R A g e To|
| Bl <------- Startlndex ------- >|<-S-BitString->|<--BitString-->

Figure 4: Encoding tree to PE2 - PE6 by flexible bitstring and
explicit index

We encode egress nodes PE2 and PE3 of the tree using two explicit
nodei ndexes. PE2’'s index 102 is represented by the first explicit
nodei ndex with B = 0 and Nodel ndex of 15 bits with value of 102
(i.e., Nodelndex = 102). PE3' s index 503 is represented by the
second explicit nodeindex with B = 0 and Nodel ndex of 15 bits with
val ue of 503 (i.e., Nodel ndex = 503).

We encode egress nodes PE4 - PE6 (i.e., PE4, PE5 and PE6) of the tree
using a flexible bitstring. The indexes of PE4 to PE6 are
represented by the flexible bitstring with four fields: B flag of 1
bit with value of 1, Startlndex of 15 bits with value of 904,
S-BitString of 8 bits with value of 1, and BitString of 1 byte (i.e.,
8 bits) with value 0b11100000. S-BitString = 1 indicates BitString
occupies 1 byte. BitString = 0b11100000 conbined with Startlndex =
904 indicates thsat the indexes of PE4 to PE6 are 904 to 906
respectively.

The BitString’s first bit (i.e., bit 0) =1 indicates PE4’s index 904
(i.e., 904 =904 + 0); The BitString's second bit (i.e., bit 1) =1
indicates PE5's index 905 (i.e., 905 = 904 + 1); and The BitString' s
third bit (i.e., bit 2) =1 indicates PE6's index 906 (i.e., 906 =
904 + 2).

3. Node Index Forwarding Table

Every node in a network has a Node | ndex |Pv6 Forwarding

Table (NIFT). The table has a row for the index of each egress node.
The row contains the index of the egress node, the |IPv6 address and
the i ndex of the next hop on the shortest path to the egress node,
and node index bit mask (BM of the sane next hop node (BM SNH)

This table indicates the shortest 1 GP path to each egress, i.e., the
next hop of the shortest path to each egress. This is sinmlar to a
uni cast forwardi ng table but organi zed by exact match node i ndex

rat her than | ongest nmatch | P address or the I|ike.
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Figure 5 shows an exanpl e Node Index |Pv6 Forwardi ng Table of PEl in
Fi gure 1.

[ ety el Sl plpj— e —p—p—————
| Node | I'Pv6 Address | I'ndex of | BM of sane |
| I ndex | of next hop | next hop | next hop |
[ el e s sl ool sl °)
| 1 (PE1) | NULL | NULL | NULL |
F--- - - T i F--- - - F-- - - - - - +
| 2 (PE2) | P1's IPv6 address | 11 (P1) | 0b0111111110 |
R Feom e e e e e e e - - I i T +
| 3 (PE3) | Pl'’s IPv6 address | 11 (P1) | 0b0111111110 |
R i R i I T R R i I i I +
| 4 (PE4) | Pl's IPv6 address | 11 (P1) | 0b0111111110 |
F--- - - T i F--- - - F-- - - - - - +
| 5 (PE5) | Pl's IPv6 address | 11 (P1) | 0b0111111110 |
R Feom e e e e e e e - - R I +
| 6 (PE6) | Pl's IPv6 address | 11 (P1) | 0b0111111110 |
R i R i I T R R i I i I +
| 7 (PE7) | Pl's IPv6 address | 11 (P1) | 0Ob0111111110
F--- - - T i F--- - - F-- - - - - - +
| 8 (PE8) | P1's IPv6 address | 11 (P1) | 0b0111111110 |
R Feom e e e e e e e - - R I +
| 9 (PE9) | Pl's IPv6 address | 11 (P1) | 0b0111111110 |
R i R i I T R R i I i I +
| 10 (PE10)| PE10’s |Pv6 address | 10 (PE10)| 0b0000000001

B el sl el el

Figure 5. Node Index |IPv6 Forwardi ng Tabl e of PE1l

The table has 10 rows/entries of node index, next hop |Pv6 address,
next hop index, and BM of the same next hop. The next hop to PEl
itself is NULL. The next hop to each of PE2 to PE9 is P1. The next
hop to PE10 is PE10. Note: The information such as port nunber or
interface used to forward a packet to the next hop is not shown in
the figure, which is the sane as the corresponding information in the
forwarding table (FIB) of PE1.

For exanple, the second row entry contains node index 2 of egress
PE2, next hop node P1's | Pv6 address, next hop node Pl's index 11
and the sane next hop Pl's bit mask (BM SNH) 0b0111111110 i ndicating
node indexes 2 to 9 of PE2 to PE9 have the same next hop P1. The
tenth row entry contains node i ndex 10 of egress PE10O, next hop node
PE10’ s | Pv6 address, next hop node PE10’s index 10, and the same next
hop PE10's bit mask (BM SNH) 0b0000000001 i ndi cati ng node index 10 of
PE10 has the sane next hop PELO.
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Figure 6 shows an exanpl e Node Index |Pv6 Forwarding Table of Pl in
Figure 1. The table has 10 rows/entries of node index, next hop |Pv6
address, next hop node index, and BM of the sane next hop (BM SH)

F bl oo s ey oo e =3
| Node | I'Pv6 Address | I'ndex of | BM of sane |
| I ndex | of next hop | next hop | next hop |
e sl s e e e e el
| 1 (PE1) | PEl's IPv6 address | 1 (PE1l) | 0b1000000001
I I i I I I I +
| 2 (PE2) | P2's IPv6 address | 12 (P2) | 0b0110000000
R I I R I T +
| 3 (PE3) | P2's IPv6 address | 12 (P2) | 0b0110000000
F--- - - B F--- - - I i T +
| 4 (PE4) | P5 s IPv6 address | 15 (P5) | 0b0001111000
I I i I I I I +
| 5 (PE5) | P5's IPv6 address | 15 (P5) | 0b0001111000
R I I R R i I +
| 6 (PE6) | P5 s IPv6 address | 15 (P5) | 0b0001111000
F--- - - B F--- - - I i T +
| 7 (PE7) | P5 s IPv6 address | 15 (P5) | 0b0001111000
I I i I I I I +
| 8 (PES) | PE8's IPv6 address | 8 (PE8) | 0b0000000100 |
R I I R R i I +
| 9 (PE9) | PE9's IPv6 address | 9 (PE9) | 0b0000000010 |
F--- - - B F--- - - I i T +
| 10 (PE10)| PE1l's IPv6 address | 1 (PE1l) | 0b1000000001

[ ety el Sl plpj— e —p—p—————

Figure 6: Node Index |IPv6 Forwardi ng Table of P1

For exanple, since the next hop to PEl and PE10 is PE1l, the first

row entry contains has node index 1 of PEL, next hop PE1l's |Pv6
address, next hop PEl's index 1, and the sane next hop PE1l's bit mask
(BM SH) 0b1000000001 indicating node indexes 1 and 10 of PE1l and PE10
have the sane next hop PEL.

The next hop to PE2 and PE3 is P2. The second row entry contains
node i ndex 2 of egress PE2, next hop P2's |IPv6 address, next hop P2's
i ndex 12, and the sane next hop P2's bit nmask (BM SH) 0b0110000000

i ndi cating node indexes 2 and 3 of PE2 and PE3 have the same next hop
P2.
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The next hop to PE4 - PE7 is P5. The fourth row entry contains node
i ndex 4 of egress PE4, next hop P5 s | Pv6 address, next hop P5's

i ndex 15, and the sane next hop P5 s bit nmask (BM SH) 0b0001111000

i ndi cating node indexes 4 to 7 of PE4 to PE7 have the sane next hop
P5.

4. 1Pv6 Milticast Routing Header (MRH)

Figure 7 shows a Miulticast Routing Header (MRH) in an |Pv6 packet.
The 1 Pv6 packet has an | Pv6 header with a destination address (DA)
and source address (SA) of IPv6, a routing header with Routing type
(TBD) indicating MRH and an I P nulticast datagram The routing
header is indicated by the Next Header in the |Pv6 header.

| <--1Pv6 header-->| <-Routing header->|

o e e e oo o e e e oo Fom e e e e a e e oo +
| Next Header = | Next Header | (an extension header) |
| Routing header | | P nulticast datagram |
| SA=I Pv6 Address | Routing Type = | |
| DA=I Pv6 Address | TBD ( MRH) | |
| | SL, SE, Sub-tree | |
o e e e oo o e e e oo Fom e e e e a e e oo +

Figure 7: Milticast Routing Header (MRH) in | Pv6 packet

The format of the MRH is shown in Figure 8.

0 1 2 3
01234567890123456789012345678901
B S S e i S S T A S S S S S S i S S
Next Header | Hdr Ext Len | RoutingType=TBD| Version| Flags |
B S i i e T S S i s i it N S
SL(Sub-tree Left) | SE (Sub-tree End) | Reserved |
Bl o o e e e e e S s i e R e e o
Sub-tree (encoding of egresses of Sub-tree) |

I i S

I S S i i I I T, St S S S S S e s +—:I-
Figure 8. Format of Milticast Routing Header (MRH)
The MRH has the follow ng fields:
Next Header: The type of the header after the MRH.  Either another

ext ensi on header or the type of IP nulticast datagramin the
packet .
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Hdr Ext Len: |Its value indicates the length of the MRH in a unit of
64 bits (i.e., 8 bytes) excluding the first 8 bytes.

Routing Type: |Its value TBD indicates that the routing header is a
Mul ticast Routing Header (MRH).

Version: The Version of the MRH.  This docunment specifies Version
one.

Flags: No flag is defined yet.

Sub-tree Left (SL): Its value points to the sub-tree (the start of
the subtree).

Sub-tree End (SE): |Its value indicates the end of the sub-tree.

Sub-tree: |Its value encodes the egress nodes of the sub-tree. A
node i ndex MJUST NOT occur nore than once. The node indexes in
sub-tree are ordered.

For the P2MP path/tree fromPEl1 via P1 to PE2, PE3, PE4, PE5 and PE6
as shown in Figure 1, we select and use the encoding of the tree by
flexible bitstring as illustrated in Figure 2. For an IP nulticast
dat agranf packet to be transmtted by the P2MP path/tree, PEL
constructs an | Pv6 packet for each sub-tree of the tree and sends the
packet containing a MRH and the I P nulticast datagram packet to the
next hop al ong the sub-tree.

The nunber of sub-trees fromPElL is the nunber of different next hop
nodes fromPEL to the egress nodes (i.e., PE2 to PE6). PEl gets the
next hops to the egress nodes using its Node |Index |Pv6 Forwarding
Table as shown in Figure 5 with the node i ndexes of the egress nodes,
which are 2, 3, 4, 5 and 6. The next hops are the sanme, which are
P1. Thus, there is one sub-tree fromPEl via P1 towards PE2 to PES.

PE1 sets DA of the I Pv6 packet to P1's I Pv6 address (P1's |IPv6 for
short) and SA of the packet to PEl's | Pv6 address (PEl's | Pv6 for
short). PEl builds the MRH based on the encoding of the tree through
including the sub-tree fromP1 and setting SL to 4 as a pointer
pointing to the sub-tree and setting SE to 4, which is the size of
the sub-tree and indicates the end of the sub-tree. Figure 9 shows
the packet to be sent to P1, which is received by P1.
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| 1Pv6 Header | <------- MH  ------- > |

S o m e e e e e e e maaaoo- o e e e e oo o +

| DA = P1's 1 Pv6 | RoutingType=TBD, SL=4, SE=4 |IP nulticast |

| SA = PE1l's | Pv6 |sub-tree from Pl to PE2- PE6| dat agram |

o a o e e e e e e e eaea oo n Fom e o - +

Size 0123456789012345 01234567
R et e s i o e s i i

4 11 2 I 1 | 11 1] 1] 1] 1] 0] 0] O]

B T I i R i e i Sl e e g e S I T s s it sTE O T B S SR
| Bl <------- Startlndex ------- >|<-S-BitString->|<--BitString-->

Figure 9: I Pv6 packet with MRH received by P1

After receiving the | Pv6 packet from PE1l, Pl determ nes whether the
packet’s next header is a MRH through checking if the next header is
a routing header, and if so, whether the routing type in the routing
header is TBD for MRH. \When the next header is the MRH, P1
duplicates the packet for each sub-tree from Pl and sends the packet
copy with an updated MRH to the next hop al ong the sub-tree.

P1 gets the next hops to the egress nodes using its Node Index |IPv6
Forwardi ng Table as shown in Figure 6 with the node indexes of the
egress nodes, which are 2, 3, 4, 5 and 6. PE2 and PE3 have the sane
next hop P2 according to the table. PE4 to PE6 have the sane next
hop P5.

There are 2 sub-trees fromPl. One sub-tree is fromP1l via next hop
P2 to PE2 and PE3. The other is fromPl via next hop P5 to PE4, PE5
and PE6. Pl duplicates the packet for each of these two sub-trees
and sends the packet copy to the next hop along the sub-tree.

P1 sets the DA of one packet copy to P2's |IPv6 address. Pl updates
the MRH based on the encoding of the tree in Figure 9 through
logically anding the BitString of 8 bits with the corresponding 8
bits (i.e., bits 2 to 9) in BMSNH of PE2 (or PE3) (i.e., renoving
the egress nodes PE4 to PE6, which are not on the sub-tree fromP2 to
PE2 and PE3). Figure 10 shows the | Pv6 packet to be sent to P2,
which is received by P2.
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| 1Pv6 Header | <------- MH  ------- > |

S o m e e e e e e e maaaoo- o e e e e oo o +

| DA = P2's 1 Pv6 | RoutingType=TBD, SL=4, SE=4 |IP nulticast |

| SA = PE1l's | Pv6 |sub-tree from P2 to PE2-PE3| dat agram |

o a o e e e e e e e eaea oo n Fom e o - +

Size 0123456789012345 01234567
R et e s i o e s i i

4 11 2 I 1 | 11 1/ 0] 0] 0] 0] 0] O]

B T I i R i e i Sl e e g e S I T s s it sTE O T B S SR
| Bl <------- Startlndex ------- >| <-S-BitString-><--BitString-->|

Figure 10: 1Pv6 packet with MRH received by P2

P1 sets the DA of the other packet copy to P5 s |IPv6 address. P1
updates the MRH based on the encoding of the tree in Figure 9 through
logically anding the BitString of 8 bits with the corresponding 8
bits (i.e., bits 2 to 9) in BMSNH of PE4 (or PE5 or PE6) (i.e.,
renovi ng the egress nodes PE2 and PE3, which are not on the sub-tree
fromP5 to PE4, PE5 and PE6). Figure 11 shows the | Pv6 packet to be
sent to P5, which is received by P5.

| 1 Pv6 Header | <------- MH  ------- > |

. Fome e e eeeaeceieeaaaaaa. . +

| DA = P5's I Pv6 | RoutingType=TBD, SL=4, SE=4 |IP nulticast |

| SA = PEl’s I Pv6 |sub-tree from P5 to PE4- PE6| dat agram |

o e o e e e e e S +

Size 0123456789012345 01234567
i s T S i i T S A b e ok

4 11 2 I 1 | 0] 0] 1| 1] 1] 0] O] O]

i e L R el T S e R e S i s i oI SR SRR S S
| Bl <------- Startlndex ------- >| <-S-BitString->|<--BitString-->|

Figure 11: 1Pv6 packet with MRH received by P5

After receiving the I Pv6 packet from Pl, P5 deternines whether the
packet’s next header is an MRH. \Wen the next header is an MRH, P5
duplicates the packet for each sub-tree fromP5 and sends the packet
copy with an updated MRH to the next hop al ong the sub-tree.

P5 gets the next hops to the egress nodes using its Node Index |Pv6
Table with the node i ndexes of the egress nodes, which are 4, 5 and
6. PE4, PE5 and PE6 have the same next hop P4 according to the

t abl e.

P5 sets the DA of the packet copy to P4's | Pv6 address. P5 updates

the MRH based on the encoding of the tree in Figure 11. Figure 12
shows the packet to be sent to P4, which is received by P4.
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| 1Pv6 Header | <------- MH  ------- > |

S o m e e e e e e e maaaoo- o e e e e oo o +

| DA = P4’s 1 Pv6 | RoutingType=TBD, SL=4, SE=4 |IP nulticast |

| SA = PE1l's | Pv6 |sub-tree from P4 to PE4-PE6| dat agram |

o a o e e e e e e e eaea oo n Fom e o - +

Size 0123456789012345 01234567
R et e s i o e s i i

4 11 2 I 1 | 0] 0] 1] 1] 1] 0] 0] O]

B T I i R i e i Sl e e g e S I T s s it sTE O T B S SR
| Bl <------- Startlndex ------- >|<-S-BitString->|<--BitString-->

Figure 12: 1Pv6 packet with MRH received by P4

After receiving the | Pv6 packet from P5, P4 determ nes whether the
packet’ s next header is an MRH.  \When the next header is the MRH P4
duplicates the packet for each sub-tree from P4 and sends the packet
copy with an updated MRH to the next hop al ong the sub-tree.

P4 gets the next hops to the egress nodes using its Node Index |Pv6
Table with the node i ndexes of the egress nodes, which are 4, 5 and
6. PE4, PE5 and PE6 are the next hops PE4, PE5 and PE6 thensel ves
according to the table.

P4 sends the copy with MRH containing SL = 0 to each of PE4, PE5 and
PE6. The packet received by PE4 is shown in Figure 13.

| 1 Pv6 Header | <------- MH  ------- > |

e oo e +
| DA = PE4’ s | Pv6 | Routi ngType=TBD, SL=0, SE | 1P multicast |
| SA = PE1's | Pv6 | | dat agr am I
o e o o e e e e oo +

Figure 13: 1Pv6 packet with MRH received by PE4
Wien a | eaf/egress such as PE4 receives an | Pv6 packet with MRH
having SL = 0, the | eaf/egress sends the IP nulticast packet to the
mul ticast |ayer of the |eaf/egress.
5. Procedures at Nodes
Thi s section describes the procedure at the ingress of a P2MP path/

tree, and the BE multicast forwarding procedure which can be used at
every node (i.e., ingress, transit and egress) of the tree.
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5.1. Procedure at |Ingress Node

In one inplenentation, for a packet to be transported by a P2MP Pat h/
tree, the ingress of the tree duplicates the packet for each sub-tree
of the tree branching fromthe ingress, encapsul ates the packet copy
in a MRH containing the sub-tree and sends the encapsul at ed packet
copy to the next hop node al ong the sub-tree.

For exanple, there is one sub-tree branching fromthe ingress of the
tree fromingress PE1 via next hop node P1 towards PE2 to PE6 in
Figure 1. The sub-tree is fromingress PELl via next hop node Pl
towards PE2 to PE6. Ingress PE1l sends Pl the packet as illustrated
in Figure 9.

In another inplementation, for a packet to be transported by a P2MP
Path/tree, the ingress of the tree encapsul ates the packet in a MRH
containing the tree and "sends" the encapsul ated packet to the
ingress itself through calling the BE nulticast forwarding procedure
of the ingress as shown in Figure 14. This procedure duplicates the
encapsul at ed packet for each sub-tree of the tree branching fromthe
i ngress and sends the copy to the next hop node al ong the sub-tree.

For exanple, suppose that there is a P2MP path/tree fromingress PEl
to egresses PE2, PE3, PE4, PE5 and PE10 in Figure 1. There are two
sub-trees branching fromthe ingress PE1 of the tree. One is from

i ngress PE1l via next hop node Pl towards PE2 to PE5; the other is
fromingress PE1 to egress PE10. For a packet to be transported by
the tree, ingress PEl encapsul ates the packet in a MRH containing the
tree and calls the BE multicast forwardi ng procedure of PElL. The
procedure duplicates the encapsul ated packet for each of these two
sub-trees branching from PE1 and sends the copy to the next hop node
al ong the sub-tree.

5.2. BE Milticast Forwarding Procedure

When receiving an | Pv6 packet with a MRH containing a tree/sub-tree,
a node duplicates the packet for each sub-tree branching fromthe
node and sends the packet copy with a updated MRH to the next hop

al ong the sub-tree. The nunber of sub-trees branching fromthe node
is the nunber of different next hop nodes fromthe node to the egress
nodes of the tree. The node determ nes the different next hops to
the egress nodes using the Node | ndex Forwarding Table of the node
with the node i ndexes of the egress nodes.

Figure 14 shows a BE Multicast Forwarding Procedure. The execution
of the procedure for an | Pv6 packet with a MRH at a node duplicates
the packet for each sub-tree branching fromthe node and sends the
packet copy with a updated MRH to the next hop al ong the sub-tree.
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Pkt-p = the packet received by N,

1. IFthe tree fromNin Pkt-p’s MRH has no egress index,
THEN di scard Pkt-p and return;

2. Find the first egress node index J in the tree in Pkt-p's MRH

3. IFJis the node index of Nitself, THEN copy Pkt-p to Pkt-c,
decapsul ate Pkt-c, send the decapsul ated packet to upper |ayer,
clear J in the tree in Pkt-p’s MRH and go to step 1

4. Cet the next hop I Pv6 address (NH I Pv6) and BM SNH from N s N FT
using J as the "index" into the N FT;

5. Copy Pkt-p to Pkt-c, renpve the egress node i ndexes fromthe tree
in Pkt-c’s MRH that do not have the sane next hop as node index J,
set DA of Pkt-c to NHI1Pv6, send Pkt-c to DA (i.e., the next hop);

6. Renpbve the egress node indexes having the same next hop as node
index J fromthe tree in Pkt-p’s MRH. Go to step 1.

Figure 14: BE Multicast Forwarding Procedure at Node N
Initially, Pkt-p is the | Pv6 packet received by node N

At step 1, the procedure checks if the tree fromNin Pkt-p's MH
does not have any egress node index. |If the tree does not have any
egress node index, the procedure discards Pkt-p and return; otherw se
(i.e., the tree has sone egress node i ndexes), the procedure proceeds
to next step (i.e., step 2).

SL and SE in the MRH indicates the start and end of the tree fromN
respectively. |If each Nodelndex and BitString in the tree are zeros,
the tree does not have any egress node index. In one option, for a
flexible bitstring with a Startlndex and a BitString, when the
BitString beconmes zeros, the Startindex is set to zero (0). In this
case, if each Nodelndex and Startlndex in the tree are zeros, the
tree does not have any egress node i ndex.

At step 2, the procedure finds the first egress node index J in the
tree fromNin Pkt-p’s MRH.  J is the first node index represented by
a Nodelndex with value J or represented indirectly by a flexible
bitstring.

At step 3, the procedure checks if node index J is the index of node

Nitself. |If so, the procedure duplicates Pkt-p to Pkt-c,
decapsul ates the packet copy (i.e., Pkt-c), sends the decapsul ated
packet copy (i.e., IP multicast datagram packet) to the IP nulticast

forwardi ng nodul e, clears node index J in the tree fromNin Pkt-p's
MRH, and go to step 1; otherwise (i.e., node index J is not the node
i ndex of N), the procedure proceeds to next step (i.e., step 4).
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Clearing node index J in the tree is setting Nodel ndex to 0 when node
index J is represented by Nodelndex with value J, or setting the bit
for the node index J to O in the BitString when node index J is
represented by the BitString.

At step 4, the procedure gets the next hop | Pv6 address (NH I Pv6 for
short) and the BM SNH from Node | ndex Forwardi ng Table of N using
node index J as the "index" into the table.

At step 5, the procedure duplicates Pkt-p to Pkt-c, renpves the
egress node indexes fromthe tree fromN in packet copy’'s MRH (i.e.,
Pkt-c’'s MRH) that do not have the sane next hop as node index J, sets
DA of the packet copy to NHIPv6, sends the copy to DA (i.e., the
next hop).

Renovi ng the egress node indexes fromthe tree that do not have the
sanme next hop as node index J is logically ANDi ng each BitString with
the BMSNH s bits corresponding to the BitString (i.e., BitString =
BitString AND BM SNH s bits corresponding to BitString), and setting
each Nodel ndex to 0 when node index in Nodel ndex does not have the
same next hop as node index J.

At step 6, the procedure renobves the egress node i ndexes having the
same next hop as node index J fromthe tree fromNin Pkt-p's MH
and then go to step 1.

Renovi ng the egress node i ndexes fromthe tree that have the sane
next hop as node index J is logically ANDing each BitString with

I NVERSE of the BM SNH s bits corresponding to the BitString (i.e.,
BitString = BitString AND ~BM SNH s bits corresponding to BitString),
and setting each Nodelndex field to O when node index in the field
has the sane next hop as node index J.

After or while changing the tree in the MRH, each of step 3, 5 and 6
al so updates SL and SE to indicate the start and end of the tree/sub-
tree in the MRH respectively, wherein the updated SL points to the
first flexible bitstring with a bit having value 1 or the first

Nodel ndex with a value greater than 0, and the updated SE is the size
of the tree/sub-tree fromthe start pointed by the updated SL to the
last flexible bitstring with a bit having value 1 or the | ast

Nodel ndex with a value greater than O.

6. Security Considerations

For general IPv6 and |1 Pv6 extensi on header security considerations,
see [ RFC8200]. More TBD
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7. | ANA Consi derati ons

I ANA is requested to assign a new Routing Type in the subregistry
"Routing Types" under registry "Internet Protocol Version 6 (IPv6)
Paraneters" as foll ows:

| Val ue | Description | Reference |
B oo oo s s oo e ey oo
| TBD (8 suggested) | Multicast Routing Header |This document|
[ e e e s e e e, s

8. Acknow edgenents
TBD
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