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This presentation

 This presentation, isn-nfinn-Day-In-The-Life-
0214-v0Z I1s an annex to a two-part
presentation.

« Part 1, tsn-nfinn-L2-Data-Plane-0214-v04,
Introduces concepts on which these
presentations depend.

« Part 2, tsn-nfinn-L3-Data-Plane-0214-v03, is
concerned with Layer 3 issues.

« See also cb-nfinn-How-Many-VLANs-0214-
vO2.
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Outline

1. Avery brief introduction, using concepts introduced
In the preceding decks, followed by 6 “A Day In The
Life Of A Packet” case studies.

Case 1: End-to-end Sequenced TSN encaps.
Case 2: Mixed L2/L3 IPgram pseudowire encaps.

Case 3: IPgram pseudowire to Sequenced TSN
Stitching.

5. Case 4: IEC 62439-3 HSR or PRP encaps.

6. Case 5: End-to-end Ethernet-over-XYZ tunnels.
.

8

Case 6: IP Multicast encaps.
. A one-slide summary of conclusions is given.




Layering
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Layer reminder (from L2-Data-Plane)

Higher Layers

)
® qtg @
@ Split / Merge @
)

Circuit
Encaps/Decaps(D

A

\

- Higher Layers work as
always.

» “Sequencing” numbers
packets(@©@), and discards
duplicates).

- Split ®/Merge M has
one circuit ID above and
two below its layer.

- Circuit Encaps®/Decaps®
marks individual circuits.



http://www.ieee802.org/1/files/public/docs2014/tsn-nfinn-L2-Data-Plane-0114-v04.pdf

Proxy bridge stack (from L2-Data-Plane)

 This is the stack for a bridge that proxies for
a non-TSN client, e.g. Bridge 8 in the
following examples:

Proxy services bridge baggy pants diagram
Bridge relay
sdeoa/sdedu NSL
abisinlds
bulouanbag

Circuit Detection
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Case 1.
Layer 2 end-to-end
Sequenced TSN tagging




Sequenced TSN tagging
» Top-down view



Layer 2 only: TSN tagging
el ke
I'Ifnk e
e — e
» Given that introduction, let us examine the

simplest case: end-to-end connectivity
through a Bridged LAN.



Layer 2 only: TSN tagging
e
et D~ mm
el —

- Talker Is TSN-aware, Listener IS not.

» Talker iIs not VLAN-aware, Listener i1s VLAN-
aware.




Natural packets |
PP, ;S .
o PSR

- Without TSN, the budd

DA: Listener L
DA: Listener L SA: Talker T
SA: Talker T VLAN 80
ET. whatever ET. whatever
data data




Peering relationships

e e

e —

- Talker T and Listener L have
relationship. @

DA: Listener L
DA: Listener L SA: Talker T
SA: Talker T VLAN 80
ET. whatever ET. whatever
data data




Peering relatlonshlps

dircuit |

DA: Listener L
SA: Talker T
circuit_ID

he operator wants Talker T and Listener L to haje
TSN circuit refationship ®, ®, (734[99]) so that
ney can get theé TSN Qo0S. (The bridges need the

D in order to provide the TSN Qo0S.)

DA: TSN 734

SA: T

VLAN tag 99

ET: whatever

ET: whatever

data

data

DA: Listener L
SA: Talker T

VLAN 80

ET: whatever

data




Peering relatlonshlps

- But, the Listen
ridge 8 has

DA: Listener L
SA: Talker T
circuit_ID

IS TSN-unaware, so
provide the TSN Circuit
ecaps @® ag a proxy service.

DA: TSN 734

SA: T

DA: Listener L

VLAN tag 99

SA: Talker T

ET: whatever

ET: whatever

VLAN 80

data

data

ET: whatever

data




Peering relationships

seg. ecaps ®@.

DA: Listener L
SA: Talker T
circuit_ID

DA: TSN 734

SA: T
DA: TSN 734 VLAN tag 99
SA:T ET: TSN Seq
VLAN tag 99 Sequence #

DA: Listener L
SA: Talker T
VLAN 80
circuit_ID

seq_number

DA: Listener L

SA: Talker T

VLAN 80

ET: whatever

ET: whatever

ET: whatever

ET: whatever

ET: whatever

data

data

data

data

data




Peering relationships

{1 We want Split
seanjless red
bifurcates. [pa: tsn 7840 |[ pa: TSN 12 DA: L
| SA:T SA:T SA: T
DA: Lis DA: TSN 734 || VLAN tag 23 VLAN tag 50 vlan_ID 80 DA: L
SA: Tal| SA:T ET: TSN Seq ET: TSN Seq circuit_ID SA'T
circuit | VLAN tag 99 Sequence # Sequence # Sequence # VLAN 80
ET. whi ET: whatever || ET. whatever ET. whatever ET. whatever ET. whatever
data data data data data data
S IHNE == e e | B | i




Pe relationships

* Why is this TSN Decaps function upside
down?

- Because It peers with Talker T's TSN Encaps
function.



Peering relationships

higher ! higher
Iag/ers Host proxy : Host proxy layers
/" "\l 802.1Q Relay : 802.1Q Relay
circu\i;fequence- : circuit- sequence-
aware relay : aware relay
I V )Seq Vv
X | SN d
E : M Merge
TSN e TSN d : D)TSNd
VLAN VLAN VLAN VLAN |1 | VLAN VLAN |[] VLAN || VLAN VLAN
MAC MAC || virtual MAC MAC ||| MAC virtual MAC  |[ MAC MAC
e le—— i N le——
TalkerT Bridge 1 ! Bridge 8 Listener L

T
 This Is a more accurate picture, but you can
only get so much information on one slide.

o




Peering relationships: Talker side

Higher Layers
E Circuit
Encaps
|
sdeda
@ 1N2ID
% Sequencing
) spit
.Q_E) Circuit
Encaps

* In this example, the
Circuit Encaps is In the
Talker system (above the
link).

- And the Sequencing is in
Bridge 1 (below the link).

] Illllllli’lll | -



Peering relationships: Listener side

* In this example, the
Higher Layers Listener system is TSN-
i\ unaware.
I | E— -
I _
Sequencing Q - And the Sequencing,
1 Merge, and TSN Decaps
— @ are all in Bridge 8 (below
the link).
Circuit @
Decaps

e e e —



Sequenced TSN tagging
- Day-in-the-life view



Layer 2 only: Sequenced TSN tagging

——

O | - Talker’s stack is not VLAN-
o aware. This is what the
| frame I1s when It hits the TSN

circuit_identifier
— Encaps layer.

IPgram - Note that Bridge 1 would

normally add a VLAN 80 tag
to this frame.




Layer 2 only: Sequenced TSN tagging

e — ) —

o - Talker is TSN-aware, so the
e TSN Encaps layer & adds a
vITT VLAN tag, even though
ag 99 .
Talker’s stack is not VLAN-

ET. IP
Poram aware.

- Talker could add sequence
number, but doesn't.




Layer 2 only: Sequenced TSN tagging

ke
o vl o
—
O | - The Sequencing function @
o adds a new TSN sequence
| number.

circuit_identifier 734[99]

vian_identifier 80« (Notionally, the DA/VLAN

sequence_number nave been restored. In
ET: whatever OraCtiCE, one would not
data other.)




Layer 2 only: Sequenced TSN tagging

el — ) —

O - - The Sequencing encaps
AT function®replaces the
circuit_identifier 734[00] ~ Sequence _number
vian_identifier 80 parameter with a new TSN
=T Tof 9eq sequence number tag, to be

Sequence # defined by IEEE 802.1.

ET: whatever

data




Layer 2 only: Sequenced TSN tagging

= .
oI 54 < | |
—
®* - The Split® function creates
AT two packets, with different

circuit_ID 7840[23] or 12(50]  CIrCUIL_Identifiers.

vlan_identifier 80
ET: TSN Seq
Sequence #

ET: whatever

data




Layer 2 only: Sequenced TSN tagging

ol o kil ¢ i
o 0 o
—hel—
° , . |
DA: TSN 7840 Af_te_r being encoded, again,®
SA T this 1s the Ethernet frame on
VLAN tag 23 the upper path.
ET: TSN Seq
Sequence #
ET: whatever
data




Layer 2 only: Sequenced TSN tagging

e el
0@% | | °
|-o-hizel-@-

Q ———— » Note that we have a different

e circuit ID on the second path.
AT - Another presentation is
ET: TSN Seq . .
S— required to discuss whether
ET: whatever the DA, the VLAN, bOth, or
data neither, should be different.




Layer 2 only: Sequenced TSN tagging

= .
° vl °
—
O at - The TSN Decaps function®
AT restores the proper DA and
circuit_ID 78401231 or 12150) VLAN, and extracts the
vian_identifier 80 circuit_identifier.
ET: TSN Seq
Sequence #

ET: whatever

data




Layer 2 only: Sequenced TSN tagging

el e
o vl °
e —
¢ At - The Merge function M takes
AT all packets and gives them

circuit_identifier 734/99]  the same circuit_identifier.

vlan_identifier 80

- « (It Is the same as on the
Sequence # Talker T to Bridge 1 link.)

ET: whatever

* (There are still 2 packets.)

data




Layer 2 only: Sequenced TSN tagging

el e
e vl o
el —
¢ | - The Sequencing
[3)2; Decapsulation function(®

exposes the sequence

number so that the

sequence_number Sequence Discard function ()
ET. whatever can discard the duplicates.

data » (There are still 2 packets.)

circuit_identifier 734[99]
vlan_identifier 80




Layer 2 only: Sequenced TSN tagging

SRR
o@@@ b >
—
¢ vl A single frame Is output from
AT Sequencing function ().

VLAN tag 80

- It IS what would have come
from the Talker, modulo the
VLAN tag changes the
bridges would make.

ET: whatever

data




Summary:

Sequenced TSN tagging:
e ke

R — il —
|/ This uses the fuI '
with different cicuit_

ﬂl

o)L=
v

]
DA: Listener L

SA: Talker T
circuit_ID

g’

Merge furjctionalit
Atifie

the

1O

naths.

DA: TSN 7840 DA: TSN 12
SA: T SA:T
DA: TSN 734 VLAN tag 23 VLAN tag 50 DA: L
SA:T ET: TSN Seq ET: TSN Seq SA:T
VLAN tag 99 Sequence # Sequence # VLAN 80

ET: whatever

ET: whatever

ET: whatever

ET: whatever

ET: whatever

data

data

data

data

data




Variant 1:
No Split/Merge — all same {VIC

-

, DA}

A / Mi—ﬁi—hi 0
o)L= ‘gl . 'O
[This uses the full S rge nctlonallt
with differeqt cicuit_ |den g[g/on the paths.
DA: TSN 734

| SA: T
DA: Listener L DA: TSN 734 VLAN tag 99 DA: L
SA: Talker T SA:T ET: TSN Seq SA:T

circuit_ID VLAN tag 99 Seqguence # VLAN 80
ET. whatever ET. whatever ET. whatever ET. whatever

data data data data




Variant 2:

No Split/Merge — Talker sequences

(Q)
O -

e ke
; i—ﬁi—/ ,

o(/If Talker T do
and all paths use t
really simple!

]
DA: Listener L

SA: Talker T
circuit_ID

ET: whatever

data

g soauod:

RS A

DA: TSN 734

SA: T

VLAN tag 99

ET: TSN Seq

Sequence #

ET: whatever

data

Mg and encaps,
e encaps, it gets

DA: L

SA: T

VLAN 80

ET: whatever

data




Case 2.
Mixed L2/L3 using IPgram

pseudowires and
Sequenced TSN




Peering relationships

L /MIAU% =
am_.@‘ , Bridge 4 LER/router ' (1]
i
TSN aware Router LSR/ LER/ Bridge TSN unaware

Talker  Split LER Router Router Bridges Merge Listener

- Single-port TSN- VLAN-aware Talker T and a
single-port TSN- VLAN-unaware Listener L.

- The Talker sequences(©@), and peers to the
Discard (v) in Bridge 8.

- Talker attached to a router; Listener to a bridge.

» A network with a variety of routers and bridges.
|




Peering relationships

@ ul*

Brldge 4 LER/router . I
pse”dow"e 20¢ 28 | .« Talker T and Bridge 8 have
control (sequence)

chosen to use an IPgram
pseudowire ®@®for the
Circuit.

IPgram




Peering relationships

s |
g = ==~ Er
_ Bridge LER/router

Dl

TSN aware Router LSR/ LER/ Bridge TSN unaware
Talker  Split LER Router Router Bridges Merge Listener

() Router 1 and Bridge 8 are the split/merge
M (seamless redundancy) peers, because
they split and merge the circuits.

* (Inserting the Split function in Router 1
requires an extra Encode/Decode® @ pair.)




3Bridge 4 LER/router

TSN aware Router LSR/ LER/ Bridge TSN unaware
Talker  Split LER Router Router Bridges Merge Listener

Assuming that the encode/decode used by

xthe Split/Merge G (m) are pseudowires, we
require a network of Label Switched Paths
(LSPs) to connect T to ®toM). Each
endpoint is a Label Edge Router (LER)
function.




Peering relationships

Q) R sl _
a T@‘@i"‘ Bridge LER/router

@_5@ e

TSN aware Router LSR/ LER/ Bridge TSN unaware
Talker  Split LER Router Router Bridges Merge Listener

O

TSN Circult Encaps/Decaps pairs are
(oheeded to convey the circuit over the various
Bridged LANs. (Note the blue, instead of

purple, letter and outline.)



Mixed L2/L3: IPgram pseudowire

[Poram - Talker T has an IPgram to
send to Listener L.




Mixed L2/L3: IPgram pseudowire

T@‘m MI ©==9 TN NNO
ke G @_5@ -

W

=D
w

O

pseudowirelabel 28 |« Talker T's combined TSN
control (sequence) Encaps ® and SequenCing@
Poram functions use an IPgram
pseudowire for the circuit.

- Bridge 8'’s functions ®@ ®
are at the other end of the

network.
D e [ I I




Mixed L2/L3: IPgram pseudowire

?@ MI Q‘(Ke E\

Q) .
OL =~ SEE= 2o
) EMO @_5@ .‘I <
O
label 60 - In the general case, the
pseudowire label 28 | ER function @ would

control (sequence)

encapsulate the pseudowire
would be carried in an LSP.

IPgram




Mixed L2/L3: IPgram pseudowire

OR-EE Rl G~ % 0

Y 3@_5 -

O

—~

O

e | - |n this particular case, we
pseudowire labef 28 will assume that Router 1 is
doing a “Penultimate Hop
Pop” (PHP) function. That
eliminates the need for the
outside label encaps ©@.

control (sequence)

IPgram




Warning

- The PHP step may be controversial.

- Perhaps there is another MPLS label, a path

label, on the frame between the Talker and
Router 1.



Mixed L2/L3: IPgram pseudowire

DA: Router 1

SA: T

ET. MPLS

pseudowire label 28

control (sequence)

IPgram

» S0, the frame from Tal
to Router 1 looks like t

Ker T
NIS ON

the Ethernet between Talker

T and Router 1.



Mixed L2/L3: IPgram pseudowire

circuit_ID (psw 28) - The Splitter function ® in

sequence_# (control)

Router 1 Is given the
IPgram.

IPgram




Mixed L2/L3: IPgram pseudowire

OIBCHE G (ST RAN
3 5 I
K u—S@ ~ 5

O

O
creut_ID(psw419) -« The Splitter function & has
sequence Pl split the one pseudowire 28
° Into two pseudowires 419
cirouit 1D (psw 31) and 31, copying the one
sequence_ # (control) control word to both of

IPgram them.

IPgram




Mixed L2/L3: IPgram pseudowire

Q)
(Q)
T R
Oir= ERL

peeudowire abe 21« The TSN Encapsulation
I .
control (sequence) function ® (an IPgram

IPgram )
pseudowire encaps)
o . generates these two
pseudowire label 31
control (sequence) packets, ready to enter the
IPgram two LSPs.




Mixed L2/L3: IPgram pseudowire

DA: Router 4 - The upper tunnel looks like
SA: Router 1 this, when labeled with
vian_identifier 15 Tunnel 51, and before
. applying the TSN
=L UPLS Encapsulation. This would
Tunnel label 51
sudowire 1abel 419 be the usual Ethernet frame
P [ — from Router 1 to Router 4

h IPgram

circuit_identifier




Mixed L2/L3: IPgram pseudowire

@_ A
OP==:0

T D= G=2-
Okt= Omd

O i

3

e il

O

—~

DA: TSN 140

SA: Router 1

VLAN tag 309

ET. MPLS

Tunnel label 51

pseudowire label 419

control (sequence)

IPgram

- But, Router 1 and Router 4
are separated by a TSN
bridged network, so require
a TSN encapsulation@®.

 This gets the packet to
Router 4.



Mixed L2/L3: IPgram pseudowire
T mo==Om = N0

@4

ON-T
S \V/ o, ’_5@ -

0~~

O

i
D

O
zﬁ\\: Eou:eri - Meanwhile, Router/LER 1,
- Router
e Router/LSR 3 and |
T — Router/LSR 5 are moving
pseudowire label 31 the second LSP paCket
control (sequence) al on g )
IPgram

* No TSN encaps is needed
. mmooomm siikthesmsence of bridges.



Mixed L2/L3: IPgram pseudowire

1

@)L

(Q) =L

T SO
Oir= CETR)

T EO==Om =N

3

@
DA: Router 5  Meanw
SA: Router 3
ET: MPLS Router/

Tunnel label 346

Router/

pseudowire label 31

control (sequence)

IPgram

Tunnel

N © -

i
2
D

O

nile, Router/LER 1,
| SR 3 and

_SR 5 are moving

the LSP packet along.
- Router/LSR 3 changes the

label 557> 346.



Mixed L2/L3: IPgram pseudowire
T =0 < —E\

Q%
Tg‘ =3 P 63?) 10
TR Gl

Tunne label 51 - After TSN decapsulation (@),
pseudowire label 419 -
Router 4 has this labeled
control (sequence)
IPgram paCKEt'

Tunnel label 346 - And Router 5 has this one.

pseudowire label 31

control (sequence)
IPgram s Eem | | a




Mixed L2/L3: IPgram pseudowire

oW oot Su = NS
o O

O

3

(V)
- ¢ 83
- - ©

pseudowire label 419

« For the sake of reduced
frame size, Router/LSPs 4

control (sequence)

e and 5 perform PHP, which
P eliminates Tunnel labels 51
pseudowire label 31 and 346 (and the LERs @ln
control (sequence) Bndge 8)
IPgram




Mixed L2/L3: IPgram pseudowire

one Ll el O
E

= 3 ~—
O &6 o -

- One can argue the semantics of the green
tunnels. In theory, each tunnel continues to
its natural end at Bridge 8. The control
plane may maintain this. But, in the data
plane, the tunnel label disappears.

- S0, we will shorten the tunnel in the diagram

to match the data plane encapsulation
D B s e = N



Mixed L2/L3: IPgram pseudowire

OB 0 ' GO~ 3m= (V)
T'a"?”:‘.‘ =< B == 83 -0
~_ .‘I "
® A Listerer L  Router 4 prepares this
SA: Router 4 Ethernet frame to transmit
vian_identifier 80 the pseudowire packet.
ET. MPLS

pseudowire label 419

control (sequence)

IPgram




Mixed L2/L3: IPgram pseudowire

\0<06
T@‘Q: e Mi @ —G-i Y\ 0

E e~ 5 O
TR G &
® . « And Router 4’s TSN Encaps
DA: TSN 994 _ _
e FaEr ] function & produces this.
VLAN tag 7

pseudowire label 419

control (sequence)

IPgram




Mixed L2/L3: IPgram pseudowire

SN oo ~ox— S NOR
E/ — 3 - ¢ 8@
TR -Gkt
O , - And IPgram pseudowire
DA: TSN 2006 _
SA: Router & label 31 Is translated by
VLAN tag 18 Router 5’s TSN Encaps into
pseudowire label 31 this.
control (sequence)
IPgram




Mixed L2/L3: IPgram pseudowire

o T@‘Q‘qgg e CPG‘SG b
EJ

N E e |
-— & bl

® . -The TSN Decaps function ®
SA: Router 4 or 5 exposes the pseudowire and
vian_identifier 80 restores the Ethernet frame
circ_ID 994[7] or 2006[18] param eters

pseudowire label 419

N0

b M) L
S (I
)

control (sequence)

IPgram




Mixed L2/L3: IPgram pseudowire

3

&

— e 0<Cm'—
T@‘Q:'Qa ul ‘Q > M

&6 o -

"
»
L

(V)
-0
D

DA: Listener L
SA: Router4 or 5
vlan_identifier 80
circuit_ID psw 419 or 31
sequence_number

ET: IP

IPgram

- The Merge function ™ has to
operate on the circuit and
seguence number after the
pseudowire Decaps function ®
makes these parameters
available (and adds the IP
EtherType).



Mixed L2/L3: IPgram pseudowire

Ol TR & ‘et | 56)
w-— U had -2

O A Listener L  Output from Merge function
SA: Router4 or 5

vlan_identifier 80

O

« Pseudowire labels 419 and

circuit 1D pw 28 31 have been combined into

Sequence_number the Orlglnal pSEUdOere Iabel
ET: IP 28.

IPgram

- There are still two packets!



Mixed L2/L3: IPgram pseudowire

o) Qudl el Ot . &
oL EMO 3 T | 8$
ol

¢ DA Listener L - The Sequencing Discard

O

SA: Router 4 function () then deletes the
vian_identifier 80 redundant frames, passing
circuit_ID psw 28 whichever (from Router 4, in
Sequence number this case) happens to arrive

ET:IP _ pp y
|Pgram fIrSt-




Mixed L2/L3: IPgram pseudowire

'©
v

(Q) @:( £JE)

> O <Cm'=
'3'3@

e

Ol O

O —— - When the frame Is put on the
<A Routor 4 wire to _Llste_n_er L, the
VLAN tag 80 circuit_identifier and
ET. IP seguence_number are
IPgram

discarded, and the remaining
parameters make the frame.



SUMMARY: IPgram pseudowire

I 2 7 WG =2
(DTG : o
- 5 I E
L N =
DA: TSN 140
SA: Router 1 DA: Router 5
DA: Router 1 VLAN tag 309 SA: Router 3 DA: TSN 994
SA:T ET. MPLS ET. MPLS SA: Router 4 DA: Listener L
ET: MPLS Tunnel 51 Tunnel 346 VLAN tag 7 SA: Router 4
Pseudowire 28 || Pseudowire 449 || Pseudowire 31 || Pseudowire 419 || VLAN tag 80
control (seq) control (seq) control (seq) control (seq) ET: IP
IPgram IPgram IPgram IPgram IPgram
[ I | | I | i




Variant 3: End-to-end pseudowire,

one circuit ID

0 Aol Oty @il N (V)
()1 - V-9 0
E 5 I 5 D
L N =
DA: TSN 140
SA: Router 1 DA: Router 5
DA: Router 1 VLAN tag 309 SA: Router 3 DA: TSN 994
SA:T ET. MPLS ET. MPLS SA: Router 4 DA: Listener L
ET: MPLS Tunnel 51 Tunnel 346 VLAN tag 7 SA: Router 4
Pseudowire 28 || Pseudowire 28 || Pseudowire 28 || Pseudowire 28 I VLAN tag 80
control (seq) control (seq) control (seq) control (seq) ET: IP
IPgram IPgram IPgram IPgram IPgram
[ I B | I | i




Variant 3. End-to-end pseudowire,
one circuit ID

Q,gg E CPG‘SG

)
5 {0

D

olE-

N E e |
H_S.‘I

- Note that the Split function (® is still present,
In this case, because pseudowire duplication
IS not a function that is built into the data
plane. It does not create new pseudowire
labels, though.

- But, the Merge function :M: IS now a no-op.



Case 3:
IPgram Pseudowire /
Sequenced TSN stitching




An Interworking function

G T@ | &
N

- [gnoring the lower layers, for a moment, we
have the @® pair in Talker T peering with
the @®pair in Bridge 8.




An Interworking function

pseudowire label 419

control (sequence)

IPgram

- |In the left-hand world, we
want the Circuit ID
Encaps/Decaps to be an
IPgram pseudowire,
because it Is the “natural”
format for a router.



An Interworking function

- In the right-hand world, we DA TSN 7549

. . SA: Router 4

want the Circuit ID AN 120 23

Enc_ap_s/Decaps to be the ET. TSN Seg

Serialized TSN encaps, Sequence #
because It Is the “natural” ET: IP
IPgram

format for a Bridge.



An Interworking function

pseudowire label 419 DA: TSN 7840
control (sequence) SA: Router 4
IPgram VLAN tag 23
ET: TSN Seq
. . Sequence #
« An Interworking function @) —
carries the Sequence Pgram

number across the gap.
Il == || e .- i



An Interworking function

=

’\

\@_5 =< _.‘l it

s.)

0;-;

1O

- The Interworking Functions W) enable the
TSN Pseudowire Encaps function (&) and
the Sequenced TSN Decaps function @ at
the very ends of the network to be peers,
just like the Sequenced TSN and IPgram
pseudowire end-to-end cases.




An Interworking function

Talker side Listener side
Higher layers Higher layers
Pseudowire Circuit Seq TSN Circuit
Encaps/Decaps Encaps/Decaps

- We have two differet protocol stacks,
pseudowire and sequenced TSN, that
perform essentially the same function.

- We want them to peer with each other.



An Interworking function

Talker side Listener side
Higher layers Higher layers
M M
Pseudowire Circuit Seq TSN Circuit
Encaps/Decaps Encaps/Decaps

- Note that we are not including the sublayers
that act on the sequence numbers.



An Interworking function

Talker side Listener side

Sequence- and Circuit-aware Relay

Pseudowire Circuit Seq TSN Circuit
Encaps/Decaps Encaps/Decaps

- If we connect these two stacks with a trivial
two-port relay that carries the
sequence_number and circult_identifier
parameters intact, . . .



An Interworking function

Pseudowire / Sequenced TSN Interworking function

Sequence- and Circuit-aware Relay @

Pseudowire Circuit Seq TSN Circuit
Encaps/Decap G ncaps/Decap
- ... we have an “interworking function.”

- We'll show the interworking relay as @), and
the whole interworking function as@WE



Mixed L2/L3 IP Pseudo / TSN Stitching

- RetWrning to our previeds discussion, we
were \peering |IBgram pseudowire
encapgsulations at both ends.




Mixed L2/L3 IP Pseudo / TSN Stitching
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- On the right hand side, we eliminate the

simple TSN encaps &@®@used to carry the
pseudowire, and replace the IPgram

pseudowire encaps with the Sequenced TSN
enaps that we want.



Mixed L2/L3 IP Pseudo / TSN Stitching

- On the left hand side, we supply termination®
for the IPgram pseudowire encaps & used by
Talker T.



Mixed L2/L3 IP Pseudo / TSN Stitching
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- When we add the interworking relay ) ,the
IPgram pseudowire / Sequenced TSN
Stitching Interworking Function @) cements
the gap.



Mixed L2/L3 IP Pseudo / TSN Stitching
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pseudowire label 419 - At this point in the end-to-
control (sequence) :
= end IPgram pseudowire
gram .
description, we had the
o “naked” pseudowire
pseudowire label 31 paCketS In Routers 4 and
control (sequence) 5.
IPgram




Mixed L2/L3 IP Pseudo / TSN Stitching
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circuit_ID 419/7840[23]  These packets are
sequence_number d Iated
IPgram ECapSU .
O

circuit_ID 31/12[50]
sequence_number

IPgram
D B e B - I o




Mixed L2/L3 IP Pseudo / TSN Stitching
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O — - And when re-encapsulated
T by the Sequenced TSN
VLAN tag 23 Encaps &), the packet In
ET. TSN Seq Router 4 becomes 7840[23].
Sequence #
ET: IP
IPgram




Mixed L2/L3 IP Pseudo / TSN Stitching
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Q _ - And IPgram pseudowire

DA: TSN 12 _
oA Routor & label 346 Is translate_d by
VLAN tag 50 Router 5’s Interworking
ET: TSN Seg function into TSN
Sequence # circuit 12[50].

ET. IP

IPgram




Mixed L2/L3 IP Pseudo / TSN Stitching
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A Listener L » The TSN Decaps function @
SA: Router 4 or 5 unwraps the circuit_identifier
vian_identifier 80 and sequence_number, and
cireuit_ID 784023 or 12101 - restores the Ethernet frame
sequence_number i
— parameters.
IPgram




Mixed L2/L3 IP Pseudo / TSN Stitching
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O DA Listener L  Qutput from Merge function )
o Roder 497>« TSN circuit IDs 7840[23] and
circuit. 1D xy2 12[50] have been combined,
sequence_number but there are still 2 packets.

— - To Bridge 8, this is the end-
to-end circuit from Talker T.




Mixed L2/L3 IP Pseudo / TSN Stitching
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‘ DA: Listener L
SA;' Iéouter4 ’ The SequenCIng D|Scard
vlan_identifier 80 function® PaSSeS only one
ET 1P of the frames.
IPgram

 The circuit_identifier and
sequence_number are no
longer needed.



Mixed L2/L3 IP Pseudo / TSN Stitching
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DA: Listener L - After discarding the unused
SA: Router 4 .
—— parameters and converting
Pgram the rest to the appropriate

frame, this Is what Is output
to Listener L.



SUMMARY:

IPgram pseudowlr
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DA: TSN 140
SA: Router 1 DA: Router 5 DA: TSN 12
DA: Router 1 VLAN tag 309 SA: Router 3 SA: Router 5
SA:T ET: MPLS ET: MPLS VLAN tag 50
ET. MPLS Tunnel 51 Tunnel 346 ET: TSN Seq DA: Listener L
Pseudowire 28 || Pseudowire 449 || Pseudowire 31 Sequence # SA: Router 4
control (seq) control (seq) control (seq) ET: IP ET: IP
IPgram IPgram IPgram IPgram IPgram
[ I |y | I | i




Variant 4:

Ppseudowire / TSN

ning 1 CIRCUIT
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DA: TSN 140
SA: Router 1 DA: Router 5 DA: TSN 12
DA: Router 1 VLAN tag 309 SA: Router 3 SA: Router 5
SA:T ET: MPLS ET: MPLS VLAN tag 50
ET. MPLS Tunnel 51 Tunnel 346 ET: TSN Seq DA: Listener L
Pseudowire 28 || Pseudowire 28 || Pseudowire 28 Sequence # SA: Router 4
control (seq) control (seq) control (seq) ET: IP ET: IP
IPgram IPgram IPgram IPgram IPgram
[ I |y | I | i




Variant 5: Dual-homed Talker
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pseudowire label 28 - Talker T could be dual-homed.
control (sequence)

« In this case, clearly T must
supply the sequence numbers.

IPgram

- The sequence numbers are
usually part of the encapsulation.

« So, T terminates the pseudowire,
not routers 2 and 3.



Case 4:

Layer 2 end-to-encd
HSR or PRP tagging




Layer 2 only: HSR tagging
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- Again, Talker iIs TSN-aware, Listener Is not.

» This time, Talker iIs not VLAN-aware,
_istener 1S VLAN-aware.

- In this case, HSR and TSN Encaps & and
Decaps ® are combined into a single layer.




HSR-like, not HSR

» This Is not HSR. Itis the HSR format used
for a different purpose. This idea may or
may not sit well with IEC TC65X.

- This “HSR-like” layer:
»Connects to a single port, not two.

»May use one sequence number variable per
circuit, not one per host. (This is debatable.)

»If the station is VLAN aware, has the VLAN
tagging below (outside) the HSR sublayer.



HSR Layering

» Note that this Is the
layering — the top box Is
Talker T, and the bottom
box is Bridge 1.

« HSR combines the Circuit
Encaps/Decaps and
Sequencing functions.

i — |« |t also encapsulates the
destination MAC address

Higher Layers

host

Sequencing

HSR ]

Circuit
Encaps/Decaps

bridge Split/ Merge which, as we will see, Is
i i not really very useful.



Layer 2 only: HSR-like tagging
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» Talker’s stack Is not VLAN-
aware. This i1s what the

SR frame I1s when 1t hits the TSN
— Encaps layer.

IPgram - Note that Bridge 1 would

normally add a VLAN 80 tag
to this frame.

DA: L
SA: T




Layer 2 only HSR- Iike tagging
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— ™ 1 . The Sequencing ® and

combined HSR/TSN Encaps

layer (® create a sequence

number and add a TSN/HSR
tag.

SA: T

VLAN tag 99
HSR EtherType

pid, length, sequence

DA: L

EtherType

Data
D e s e B I




Layer 2 only: HSR-like tagging
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R TON 780 - The Split function G operates
SAT on the TSN header, for the
VLAN tag 23 path ID, and the HSR header,
HSR EtherType for the sequence number.
oid, length, sequence » (The “pid” field includes a “path
_ A [ path B” flag that intended to
- be different between the two
EtherType paths. We may or may not
Data follow that usage.)




Layer 2 only: HSR-like tagging

o e e ]
o PRRE

DAS;S': = - The other path gets a
' different DA and VLAN tag.
VLAN tag 50

HSR EtherType - Note that the Split function
pid, length, sequence Spllt TSN 734[99] Into TSN
DA: L /840[23] and 12[50].

EtherType

Data
D e [ N e B I




Layer 2 only: HSR-like tagging
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- The Merge function @
operates on the

circuit_identifier exposed by
the decapsulation function

DA: Listener L
SA: Talker T
vlan_identifier 80
circuit_ID 7840[23] or 12[50]

sequence_number

EtherType

Data




Layer 2 only: HSR-like tagging
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 Output from Merge function

IS the original 734[99] tunnel
that originated from Bridge 1.

DA: Listener L
SA: Talker T
vlan_identifier 80
circuit_ID 734[99]
sequence_number  * TWO packets are present until
EtherType the Sequencing Discard

Data function () discards one.




Layer 2 only: HSR-like tagging
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SA: T W| le.

VLAN tag 80
ET: IP

IPgram




Summary: HSR-like tagging

DA: TSN 734 DA: TSN 7840
SA:T SA:T
VLAN tag 99 VLAN tag 23

HSR EtherType

pid, length, seq

HSR EtherType

pid, length, seq

DA: L DA: L
EtherType EtherType
Data Data

SA: T
VLAN tag 50
HSR EtherType
pid, length, seq DA: L
SA:T
DA: L
VLAN tag 80
EtherType ET IP
Data IPgram
. B




Variant 5: Dual-homed Talker
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pseudowire label 28 - Talker T could be dual-homed.
control (sequence)

« In this case, clearly T must
supply the sequence numbers.

IPgram

- The sequence numbers are
usually part of the encapsulation.

« So, T terminates the pseudowire,
not routers 2 and 3.



Layer 2 only: PRP tagging

- (A /Mi—ﬁi—hii (V) .
i TROROr, L

o
DA ToN 12 - PRP would work similarly.
el » This could be useful to
| VIAN@GS0 | Interoperate with existing
EtherType deployments.
Data - A big iIssue with the PRP
oid, length, sequence|  trailer is that you can'’t tell
p——— what it's position is in the
— tag layering.



Summary: PRP tagging

DA: TSN 12

SA: T

VLAN tag 50

DA: TSN 734 DA: TSN 7840
SA: T SA: T
VLAN tag 99 VLAN tag 23
EtherType EtherType
Data Data

EtherType

DA: L

pid, length, seq

pid, length, seq

Data

SA: T

HSR EtherType

HSR EtherType

pid, length, seq

VLAN tag 80

HSR EtherType

ET: IP

IPgram




Case 5:
Layer 2 end-to-encd
Ethernet encapsulation




Ethernet tunneling
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- You can always create end-to-end
encapsulated Ethernet circuits using, for
example, Ethernet pseudowire and/or PBB-
TE MAC-In-MAC In the standard ways It's
done, today.




Ethernet tunneling

- The catch Is that the Talker has a separate
Ethernet port per TSN flow.

 This Is not compatible with a simple IP stack;
each port needs its own IP address.



Ethernet tunneling
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« There are solutions to this classic “multi-
homed IP host” problem.

- [t would take some effort to make them
compatible with our simple QoS purpose.



Ethernet tunneling

- And, of course, It still begs the question,
“How are these packet encapsulated?”

- Again, there are many standard answers to
that question.



Case 6:
IP Multicast

tsn-nfinn-Day-In-The-Life-0214-v02.pdf IEEE 802 Plenary meeting, Beijing China, March 2014 114



|IP Multicast

- Assume for a moment that we do not need to
transmit multiple copies on different paths, so
we do not need the Sequencing functions.@ @

- Then, all we need Is a per-flow
circuit_identifier on every packet, at both L2
and L3.

[P Multicast can supply this, even if it
cannot supply a sequence number.



IP Multicast

- In general, an IP multicast flow is identified
by the Multicast IP destination address and
the (unicast) IP source address.

» There I1s a 32:1 mapping of IP multicast
addresses to MAC Group DAs.



|IP Multicast

- If the network administrator and protocols
can ensure that the IP multicast addresses
are unigue over the flows, no TSN
encapsulation is necessary.

- Otherwise, the usual TSN encapsulation will
solve the Bridges’ problems with multicast,
and the Routers can easily identify the
streams to apply TSN QoS.



|P Multicast

- The normal IP Group address andhN/LAN
maly or may not be sufficient for Bridged TSN
networks, butithe TSN encapsulation fixeg

thl D. DA: Group Z? DA: Group Z?

DA: Group Z SA: Router 1 SA: Router 4

SA:T VLAN tag 3097 VLAN tag 80
ET: IP ET. IP ET: IP
MC IPgram MC IPgram IPgram




IP Multicast

- And, If the protocol carried in the IP Multicast

packet has a sequence number, then of
course, the IP Multicast format is sufficient, In
the data plane, for seamless redundancy, as

well.



|P Multicast

1

1@ \}"é ! : > L “

» The IP multidast control protocols\g
wopld need work.

DA: Group Z? DA: Group Z?

DA: Group Z SA: Router 1 SA: Router 4

SA:T VLAN tag 3097 VLAN tag 80
ET: IP ET. IP ET: IP
MC IPgram MC IPgram IPgram




Summary
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Summary

. Theklayering scheme In tsn-nfinn-L2-Data-Plane-0214-v04
Works.

- There are existing protocols for carrying both all-L2 and
mixed L2/L3 TSN circuits.

- There are other possibilities for creating TSN circuits:
VXLAN, LISP, and dozens of as-yet proprietary schemes.

- Anew IEEE 802.1 sequence number tag can handle
Ethernet end-to-end seamless redundancy.

- Mixed L2/L3 seamless redundancy requires either:

» Selecting a single end-to-end L2+ split/merge format (e.g.
pseudowire); or

» An interworking function between L3 and L2 split/merge
technologies; or

» Creating explicit end-to-end Ethernet tunnels.
S HEE 4. [ B N D |


http://www.ieee802.org/1/files/public/docs2014/tsn-nfinn-L2-Data-Plane-0214-v04.pdf




	A Day in the Life of an�L2/L3 TSN Data Packet.
	This presentation
	Outline
	Layering
	Layer reminder (from L2-Data-Plane) 
	Proxy bridge stack (from L2-Data-Plane)�
	Case 1:�Layer 2 end-to-end�Sequenced TSN tagging
	Sequenced TSN tagging
	Layer 2 only: TSN tagging
	Layer 2 only: TSN tagging
	Natural packets
	Peering relationships
	Peering relationships
	Peering relationships
	Peering relationships
	Peering relationships
	Peering relationships
	Peering relationships�
	Peering relationships: Talker side
	Peering relationships: Listener side
	Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Layer 2 only: Sequenced TSN tagging
	Summary:�Sequenced TSN tagging:
	Variant 1:�No Split/Merge – all same {VID, DA}
	Variant 2:�No Split/Merge – Talker sequences
	Case 2:�Mixed L2/L3 using IPgram pseudowires and Sequenced TSN
	Peering relationships
	Peering relationships
	Peering relationships
	Peering relationships
	Peering relationships
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Warning
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	Mixed L2/L3: IPgram pseudowire�
	SUMMARY: IPgram pseudowire�
	Variant 3: End-to-end pseudowire,�one circuit ID
	Variant 3: End-to-end pseudowire,�one circuit ID
	Case 3:�IPgram Pseudowire /�Sequenced TSN stitching
	An Interworking function�
	An Interworking function�
	An Interworking function�
	An Interworking function�
	An Interworking function�
	An Interworking function�
	An Interworking function�
	An Interworking function�
	An Interworking function�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	Mixed L2/L3 IP Pseudo / TSN Stitching�
	SUMMARY:�IPgram pseudowire / Seq TSN Stitching
	Variant 4:�Ppseudowire / TSN Stitching 1 CIRCUIT
	Variant 5: Dual-homed Talker�
	Case 4:�Layer 2 end-to-end�HSR or PRP tagging
	Layer 2 only: HSR tagging
	HSR-like, not HSR
	HSR Layering�
	Layer 2 only: HSR-like tagging
	Layer 2 only: HSR-like tagging
	Layer 2 only: HSR-like tagging
	Layer 2 only: HSR-like tagging
	Layer 2 only: HSR-like tagging
	Layer 2 only: HSR-like tagging
	Layer 2 only: HSR-like tagging
	Summary: HSR-like tagging�
	Variant 5: Dual-homed Talker�
	Layer 2 only: PRP tagging
	Summary: PRP tagging�
	Case 5:�Layer 2 end-to-end�Ethernet encapsulation
	Ethernet tunneling�
	Ethernet tunneling�
	Ethernet tunneling�
	Ethernet tunneling�
	Case 6:�IP Multicast
	IP Multicast
	IP Multicast
	IP Multicast
	IP Multicast�
	IP Multicast
	IP Multicast�
	Summary
	Summary
	Slide Number 123

