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Introduction

Traffic
Source

CE1

Figure 1. Network with P2MP tree from PE1 to PE2 — PE19

» P2MP path/tree is big and sporadic
= At P1, scattered a big range of links: 4,5, 108 — 119
= At P4, afew links at one end: 54 - 57

» Encoding tree using one method not most efficient

» Encoding each tree portion by a most efficient method

v" For example, portion in yellow circle in one method (e.g., flexible bistring),
portion in BIGEKIGIEGIENin another method (e.g., link number)

v" Overhead is minimal (e.g., 23 (bytes) vs 33, 35, 38)
» Ingress encaps packet with tree, packet is multicast/sent to egresses along tree

v" No state in network core
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A Few Basic Encoding Methods (1/2)

Link Numbers
Encoding 2 links from P1 to P2 — P3 by link numbers

|B|N-Links| Link-No |<--P-Branch -->|
Size +-+-+—F+—t—F—F—F—t—F—F—F—F—F—F—+—F+-+-+ --——+ Group Gl:
—N- i 0 2 4 P-BranchP2 = 8 Links from P1
B=0: links encoded | | | | |

i Al i e e e e N e i R | to P2-P3 (by
by “nk numbers | 5 | P-BranchP3 = link numbers)
e R B N e e e e e e 3

N-Links (number of links); Link-No (Link Number): P-Branch (Pointer to Branch):
(e.g., 2 links from P1) (e.g., 4: link with No. 4 (e.g., P-BranchP2 “points” to
links/branches from P2)

Flexible Bitstring (Both start and end flexible)
Encoding links from P1 to PE8 — PE19 by flexible bitstring:

108...119 Group G2:
Size +-+-+t—+-+t—F-t+-+-t+-+—+-+—+-+—+-+-+-+...+-+-+-+-+-+ Links from P1

B=1: links encoded 1] 0 | 108 | 2 [1]...]11]1010]0|0] to PE8-PE19

bitstring)

: . e M M M & —t-+-+-+ (by flexible
by bitstring |B|B-I|<-Sfart-BitNo->| S-Bits

B-1 (Bistring ID) = 0: Start-BitNo = 108: Lst bit in S-Bitstring (size of | |Bitstring 108-th - 119-th bit
flexible bitstring Bitstring is bit 108, 2nd bit is bitstring) = 2: 2 bytes| |having 1: links from P1 with link
bit 109, and so on. (i.e., 16 bits) numbers 108 — 119 on tree
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A Few Basic Encoding Methods (2/2)

Half Flexible Bitstring (Start fixed at 1! bit, end flexible)
Encoding 2 links from P2 by half flexible bitstring.

Size +-+-+-+-+-+-+-+-+-+—-+-+-+-+-+-+-+-+ Links from P2

i 8 |1 1 | 1 [0]0]10]1]0[1|0[|0|] to PE2-PE3
B=1: links encoded D e e L e T (by half flex
by bnsning 4//::::::;;;5575*;_1|S—Bit ing|<- Bitstrin bitstring)

B-l (B'St_”ng ”_D) - L S-Bitstring (size of Bitstring’s 4-th, 6-th bit having
Half flexible bitstring bitstring) = 1: 1 byte 1: links from P2 with link
(i.e., 8 bits) numbers 4 and 6 on tree

Fix Bitstring (Start fixed at 1%t bit, end fixed at last bit), but number of links on a node is not fixed
Encoding links from P1 by fix bitstring.

123456 ... 108 ... 119
F=t=t=t—t—t—t—t—t=+ .. +=+=+ .. F=t=F-t—F-+—F—F—F+—F—+—-+-+-+-+-+-+-+-+ link from
2121210101021 210) ... 1012 ... | P-BranchP2 | P-BranchP3 | P1 to P2,P3,PE8-PE19
=ttt =ttt T S it U b S —t—t+-+—+-+—+-+-+-+-+-+-+-+-+ (using fix bitstring)

|IB|B7I|<--- Bitsthq (120 bits) —---->|<- P- ->|<- P-Branch ->|

B=1: links encoded

by bitstring /

/ Bitstring’s 4-th bit = 1: link from Bitstring’s 119-th bit = 1: link
B-1 (Bistring ID) = 3: P1 with link number 4 on tree with link number 119 on tree

fixed bitstring
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Encoding Links from Node in Multiple Ways

Encoding links/branches from P1 on tree by

using Split Branch (SB) link to split links of P1 into two groups

(G1: links from P1 to P2-P3 and G2 : links from P1 to PE8 — PE119 ),

encoding two groups using two different ways (link numbers and flexible bitstring).

Two SB links with link number 3 split links of P1 into two groups: G1 and G2.
First SB link is followed by P-BranchG1=16, “points” to G1.
Second SB link is followed by P-BranchG2=12, “points” to G2.

Sizet—+—+—+—+—F—Ft—t—t—t—t—F—F—F—F—F+—F+-+-+ -————
20 | 0] 2 | 3 | P-BranchGl=16 | | 2 SB links split
e e e e e e St st el S Sl S | links from P1
| 3 | P-BranchG2=12 | | into 2 groups:
R e e e e e e e e e Al o s --—-+ Gl and G2
|B|N-Links| Link-No |<--P-Branch —-->|
e i s e e e e e e + Group Gl:
16 | 0] 2 | 4 | P-BranchP2 = 8] | Links from P1
e e e e M st e E e e e e e e | to P2-P3 (by
| 5 | P-BranchP3 = 6] | 1link numbers)
T e it e e e e it +
108...119 Group G2:
t=t=t—t—t—t—t—F—F—F—Ft—F+—+-+-+-+-+-+. . . +—+-+-+-+-+ Links from P1
12 1] 0 | 108 | 2 [1]...]11101010|0|] to PE8-PE19
t—t—t—t—F—t—t—F—t—F—t—F—t+—F—F—+—+-+. . . +—+—+-+-+-+ (by flexible
|B|B-I|<-Start-BitNo->| S-Bits |<- Bitstring ->| bitstring)

Figure 3: Encoding links from Pl by link number and flexible bitstring
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Encoding Tree (Each Portion)

Encoding tree (each portion):
link PE1 to P1 by link number in 3 bytes (byte 23 - 21)

links from P1 are split into groups G1 and G2 using SB links (in 4 bytes: 20 - 17)
G1 by link numbers (in 4 bytes: 16 - 13), G2 by flexible bitstring (in 4 bytes: 12 - 9)

links from P2 to PE2 - PE3 by half bitstring (in 2 bytes: 8
link P3 to P4 by link number (in 3 bytes: 6 -4).

_7)

links from P4 to PE4 - PE7 by flexible bitstring (in 3 bytes: 3 -1)

Sizet—+—+—+—+—F—F—F+—F+—+-+-—
23 10| 1 \ 4
e R s e e e S R
20 10| 2 | 3
e R s e e e S R
| 3
R e e
|B|IN-Links| Link-No
e e e e e e o S st
16 |0] 2 | 4
e e e e e e o S st
| 5
R e e

<

-ttt -ttt —F—
12 111 0 | 108

=ttt —t—F -ttt —F—

|B|B-I|<-Start-BitNo->

+-+-+-4+-+-+-+-+ link from PE1l to Pl
(by link number)

P-BranchP1=20 |
+—t—t—F—F—F+—+—+
P-BranchGl=16 |
+—t—t—F—F—F+—+—+
P-BranchG2=12 |
+—t—t—t—t—+—+—+
--P-Branch -->|
+—t—t—t—t—+—+—+
P-BranchP2 = 8]
+—t—t—t—t—+—+—+
P-BranchP3 = 6]
+—t—t—t—t—+—+—+
108...
-ttt —t—+. ..
\ 2 [1]...
bttt ..
| S-Bits

————

| 2 SB links split

| links from P1

| into 2 groups:
----+ Gl and G2

+—t—t—t—t—+
[110101010]
t—t—t—t—t—+

|<- Bitstring ->|

tot—t-t—t-t—+—+—+—+-+-+-+-+—+-+—-+ Links from P2

8 |1 1 | 1 01010
Fot—t—t—t—t ottt =t
[BIB-I| S-Bits |[<- Bi
|B|N-Links| Link-No |<

[1101110/0|] to PE2-PE3
+-+-+-+-+-+ (by half flex
tstring ->| bitstring)

--P-Branch -->|

Group Gl:

Links from P1
to P2-P3 (by
link numbers)

Group G2:
Links from P1
to PE8-PE19
(by flexible
bitstring)

+-+-+-+-+-+—+—+-+-+-+-+-+-+-+-+-+-+-+ link from P3 to P4
(by link number)
+=t-t-+-+—F—F—F—t—F+—+-+-+-+-+-+—+—+-+-+-+-+-+-+-+ Links from P4

6 |0 1 | 5 \

3 111 0 | 54

P-BranchP4 = 3|

\ 1

[111111110101010]

et S e s Sl e e Skt e SR

|B|B-I|<-Start-BitNo->| S-Bits

|<- Bitstring ->|

Figure 4: Encoding Tree (Each Portion of Tree)

to PE4-PE7
(by flexible
bitstring)
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Neighbor table

Table 1 is Neighbor table of P1.

16 rows of link number, link type and IPv6 address of next hop.

Row 1 has link number 3 and link type SB (Split Branch) for split branch link of P1.

Row 2 has link number 4, link type P2P for link from P1 to next hop P2 and IPv6 address of P2.

Row 4 has link number 108, link type P2P2E (P2P to Egress) for link from P1 to next hop egress PE8 and PES8's IPv6 address.

Using link number 4, P1 gets P2's IPv6 address from table;

Using link number 3, P1 knows it is a split branch (SB) link.

Link Number | Link Type IPv6 Address of next hop
3 SB NULL
4 P2P IPv6 address of P2
5 P2P IPv6 address of P3
108 P2P2E IPv6 address of PE8
119 P2P2E IPv6 address of PE19
120 P2P IPv6 address of PE1

Table 1. Neighbor table of P1
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Multicast Routing Header (MRH)

Fom Fom - R e e T e
| IPv6 header: | RoUEINGIHeadeY: | [EFEIEECESEgEEEESEER | |PVv6 packet with Multicast Routing Header (MRH):
| | | (IP datagram header + | IPv6 header with DA and SA of IPv6,
| Next Header = | Next Header | data) | ) .
| Routing header | | | routing'headerwith Routing type (TBD): MRH and
| | ndr Ext en | 1P multicast datagram.
| SA=IPv6 Address | ROUCINCHOYDE - | |
| DA=IPv6 Address | [IEDINNRE | |
| | Subtree Left (SL) | |
| | sub-tree | |
fom - Fom - e +
| <---- MRH ----> |

Figure 5A. Routing Header (MRH) in IPv6 packet

012345678901 234567890123456789°01 .
s St e e e it St TR Next Header: Header after MRH
| Next Header | Hdr Ext Len |RoutingType=TBD|SubtreeLeft (SL) | Hdr Ext Len: Length of MRH
s St e e e it St TR Routing Type: TBD means MRH for multicast
Sub-tree encoded .
Sub-tree Left (SL): points to sub-tree

Sub-tree: encodes sub-treef/tree

Fot—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—+

Figure 5B. Multicast Routing Header (MRH)
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Procedure/Behavior on Ingress

Ingress

duplicates packet for each link/sub-tree,

encapsulates copy in MRH containing sub-tree and

sends copy to next hop of link.

E.g., one sub-tree/link from PE1, packet sent to P1 is shown.

|[DA=P1's IPv6 |Routing Type = TBD, SL =_20 |IP multicast |

|SA=PEl's IPv6|sub-tree from P E2-PE19 |datagram |
o~ B T e +
Size Links
=F—+—+—F—F—t—t—t—F—F—t—t—F—F—+—+—+—+ ————t
20 | 0] 2 | 3 | P-BranchGl=16 | | 2 SB links split
+—t—t—t—t—F—t—t—t—F—F—t—t—F—F—+—+—+—+ | links from Pl

| 3 | P-BranchG2=12 | | into 2 groups:

R e e e e e e e e A s sl --—-+ Gl and G2
|B|N-Links| Link-No |<--P-Branch —-->|
+—F—+—t—F—F—F—F—F—F—F—F—F—F—F—F+—F+—F+-+ - + Group G1:

16 | 0] 2 | 4 | P-BranchP2 = 8] | Links from P1
e e e e s s H e e e e e e | to P2-P3 (by
| 5 | P-BranchP3 = 6] | link numbers)

+—t—t—t—F—F—t—t—t—F—F—F—+—F+  ———————= +

108...119 Group G2:
+—F-+—+—F+—F+—+—-+—-+—F+-+-+—-+—-+—-F+-+-+-+. . . +—-+—-+-+-+-+ Links from P1
12 |1 0 | 108 | 2 [1]...1110/0]10|0|] to PE8-PE19

t—t—t—t—F—t—t—F—t—F—t—F—t+—F—F+—+—+-+. . . +—+—+-+-+-+ (by flexible
|B|IB-I|<-Start-BitNo->| S-Bits |<- Bitstring ->| bitstring)
+-—+-+-+—+—+-+-+—-+—+-+-+—-+—+—+-+-+ Links from P2

8 1] 1 | 1 [010]0]110/1]0]0|] to PE2-PE3
+—t—+—+—F+—+—+-+-+—F+-—+—+-+-+-+-+-+ (by half flex
|B|B-I| S-Bits |<- Bitstring ->| bitstring)

|B|N-Links| Link-No |<--P-Branch -->|
+-t+—+—+—+—+—+—+—+—+—+—-+—-+-+-+-+-+-+-+ link from P3 to P4

6 |0] 1 | 5 | P-BranchP4 = 3| (by link number)
+—4+-+—+—+—+—-+—-+—+—+—-+-+—+—+—+-+—-+—+—+—-+-+—+—+—-+-+ Links from P4

3 |11 0 | 54 | 1 [211111110/10]10|0|] to PE4-PE7
F=t =ttt =ttt ===ttt —F—F—F—F+—F+—+-+-+-+ (by flexible
|B|B-I|<-Start-BitNo->| S-Bits |<- Bitstring ->| bitstring)

Figure 6: IPv6 packet with MRH received by Pl
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Procedure [Behavior on Transit, Egress Node

Transit node :
duplicates packet with MRH for each link of node,
sets SL accordingly and sends copy to next hop of link.

SB link: sets SL to P-Branch for link and processes links pointed by SL.
Link to transit: sets SL to P-Branch for link; Link to egress: sets SL to O;

gets IPv6 of next hop, sets DA to IPv6 and sends packet to DA (i.e., next hop)

E.g., P1 duplicates packet for link to P2, set SL to P-BranchP2 = 8, and sends packet to P2.

| IPv6 Header | <--—--—---- MRH  -—=———-- >

Fom - o Fom +
|[DA=P2's IPv6 |Routing Type = TBD, SL = 8 |IP multicast |
|SA=PEl1's IPv6|sub-tree from P2 -PE3 |datagram |

Size Links
—+-+-+—+-+-+-+-+-+-+—-+-+-+-+-+ Links from P2
8 111 1 | 1 [0J0]0]1]10121010|] to PE2-PE3
t—t—t—t+—F+—F+—+—+-+—+-+—+-+-+-+-+-+ (by half flex
|[BIB-I| S-Bits |[|<- Bitstring ->| bitstring)

|B|N-Links| Link-No |<--P-Branch —-->|
+-+—+-+-+-+-+-+-+—+-+-+-+-+-+-+-+-+-+ link from P3 to P4

6 |0] 1 | 5 | P-BranchP4 = 3| (by link number)
+—+—F-+—-+—+-+—+-+—+-+-+-+-+—+-+—+-+—-+-+-+—-+-+-+-+ Links from P4

3 111 0 | 54 | 1 [111]1]11]101010|0| to PE4-PE7
F=t—t =ttt =ttt -ttt -+ -+ -+ -+ —F—+—+-+-+-+-+ (by flexible
|B|B-I|<-Start-BitNo->| S-Bits |<- Bitstring ->| bitstring)

Figure 6: IPv6 packet with MRH received by P2

Egress :
decapsulates packet (MRH with SL = 0) and
sends the IP multicast datagram to the IP multicast forwarding module.
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