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(J Recap AVB: Dynamic Stream Reservation based on RSTP

O Why dynamic Registration & Reservation on Bridge Local Computing
Elements?

 Proposal: Dynamic Stream Reservation based on ISIS-PCR
O Proposal: MRRP — Multiple Relation Registration Protocol
J Dynamic Registration & Reservation on calculated Redundant Trees

 Dynamic Registration & Reservation on redundant Trees combined with
Seamless Failover

J Summary

Page 2 March 2014



SIEMENS

AVB has specified guaranteed QoS for AV-Streams!

Used mechanism:
*  RSTP — Rapid Spanning Tree Algorithm and Protocol (grantees a loop free data tree)

*  MRP - Multiple Registration Protocol (template to register attributes like VID, MAC address, ...)
*  MVRP — Multiple VLAN Registration Protocl
(used to register and update their knowlidge of set of VID’s — e.g. VID used for Streams)

*  MMRP — Multiple MAC Registration Protocol
(used to register “Group Filtering Behavior” — e.g. for Streams with VID x filter unregistered groups)

*  MSRP — Multiple Stream Reservation Protocol
(used to register stream membership, resources, bandwidth, ....)
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PLC: Programmable Logic Controller for input/output data
DEV: Device for input / output data (sensor / actuator)

——— Ethernet
Automation
Storage Area

Automation
< = i Server
dynamic applications

e.g. Client <-> Server ] |
=> dynamic & flexibility Plant-Level
relations

multiple static applications
Robot <-> PLC
PLC <-> PLC

=> dynamic & flexibility
relations

static application

Control-Level

PLC <-> Server communication
- download confiugration

- download PLC programms

- upload production data

- diagnostic data

cell-cell communication area
PLC <->PLC

functional area
for PLC <-> DEV

e.g PLC <-> Dev

=> static relations

[sd Lsp Lap Lab

Motion Control Cell

Robotic Cell

Machinery Cell

Machinery Cell ’
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TSN will SpeCify guarantGEd QOS for Streams (e.g. Control-Data-, AV-, Measurement-Streams, ...)!

Industrial application have higher requirements on Streams e.g. latency, robustness and availability!
=> Redundant path/trees are required to fulfill the availability requirements but still flexibility is desired!

IEEE 802.1Qca (ISIS-PCR) is working on a solution with centralized PCE’s to establish “"explicit path” and
do reservations for streams.

This presentation is a proposal doing registration & reservation on
decentralized BLCEs — Bridge Local Computing Element!
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Proposal for dynamic Stream Reservation

MRRP — Multiple Relation Registration Protocol

TSN will specified guaranteed QoS for Streams!

MRP - Multiple Reservation Protocol (template to register attributes like VID, MAC address, ...)

MRRP — Multiple Relation Registration Protocol NEW!!I!
(used to register relations for e.g. streams)

MVRP — Multiple VLAN Registration Protocol

(used to register and update their knowledge of set of VID’s — e.g. VID used for Streams)

MMRP — Multiple MAC Registration Protocol

(used to register “Group Filtering Behavior” — e.g. for Streams with VID x filter unregistered groups)
MSRP — Multiple Stream Reservation Protocol

(used to register resources, bandwidth, .... for streams)
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Assumption:
Application Relations established by Higher Layer Protocols

Higher layer application protocols:

e AVB: IEEE1722

e Industrial automation: EthernetIP, PROFINET, ...
 Energie substation: IEC 61860

User/ fﬂop/ E2E Relation
service

User/ app/
service

e Relation: E1 -> E2, E3 (E2E)
s Stream: T-Spec, class, max. latency, availability, ...
L

Toplogoy (ISIS) 1 3
Synchronization (gPTP)
Reservation (MVRP, MMRP, ...)

_ Toplogoy (ISIS)
3 4 3 Synchronization (gPTP)
Reservation (MVRP, MMRP, ...)

/\
[N

<> BLCE - Bridge Local Computing Element
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Network topology with end stations!

“Next Hop” path calculation for SP
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]
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- “Each bridge component calculates for its O :‘;3 — B2 gi:
. 2 ] 2
own over which port a message for a 7 <

certain destination must be forwarded”
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Proposal

MRRP — Multiple Relation Registration Protocol

:El:
D

New MPRP-Attribute:

Talker-System-ID Unique- Listener-System-ID
(48-Bit) b
(16-Bit)
- J
'

Path Registration: Relation on Tree-ID ,,

E1l
E1l

Relation-ID (R-ID)

1 E2
1 E3

Shortest Path with Tree-ID ,SP“

E2
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Proposal
MRRP — Multiple Relation Registration Protocol

Path registration on ,,SP“

New MPRP-Attribute: El from E1 to E2, E3
Talker-System-ID U"i‘g“e' Listener-System-ID Tree-ID ,SP”
{48-Bit) (16-8it) {48-Bit) MPRP-Attribute-Table:
Bl B
— EREE)
‘¢

& R .

Path Registration: Relations on Tree-ID ,SP* e Q
/

Shortest Path with Tree-ID ,,SP“

Giiog . 7,
Reatio: €4 €2 2 1 | [ e, . ‘o ¢
el O N b s ; e
n .
e ‘9,7 9/8[
7

&——sprase2 .
»split”

1
TreedD ,5P" D 2 D Tree-ID ,SP” Tree-ID P 3 Tree-ID ,SP”
2 3 MPRP-Attribute-Table: MPRP-Attribute-Table: A2 ] \| [T A e e
Bl 1 B3 0

MPRP-Atiribute-Table:
£l 1 B2 <4 o \

Tree-1D,SP" Tree-D ,SP"
MPRP-Attribute-Table: MPRP-Attribute-Table:
TR 1R 2 1
5 e 6
: a —— ) 3
D
PR

D
M‘I;r: :;/Ll:tlr'isbpuﬂterTabl e: T I' e e MT; ::il/fnl;is::teiabl e:
E1l 1 E2 - E1 1 E3
_1:nrelation path
1:1 relation —

Tree-ID ,,SP
MPRP-Attribute-Table:

J Path registration on ,,SP“
E2 N E3 X from E4 to E2 E4 N
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data VID DV1 registration for

MVRP-Extended-Attribute: relation E1 to E2, E3 on Tree-ID ,,SP“

Talker-System-1D Un:une—
(48-Bit) (16-8it)

- )
Y~

Relation-ID (R-ID)

MVRP-Attribute-Table:

Shortest Path

€& sp. E1-5E2,E3

VLAN Registration on Tree-ID ,SP“ based on R-ID

[CETTT TSP TNBVAN  R-1D: E1.1, Tree-1D ,,SP“
—

MVRP-Attribute-Table:

MVRP-Attribute-Table: | e

Path-ID (P-ID) ,’GQ
1
| 3
MVRP-Attribute-Table: A? 3
[ET [T 1 ] sp [ bvi] ¢ MVRP-Attribute-Table: | MVRP-Attribute-Table: [ 0 MVRP-Attribute-Table:
o008 O
o008 O o008 O

E2 Rr E3 r
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MVRP-Extended-Attribute: 1 data VID DV1 registration for relation
“txtended-Attribute: E1 to E2, E3 on Tree-ID ,,SP“
Talker-Syster-ID U"i‘g“e'
{48-Bit) {16-Bit) MVRP-Attribute-Table:
[CE T [ sp [Tovi]
%5_4
Relation-ID (R-1D} ‘¢

Shortest Path with Tree-ID ,,SP*“

|7
€&——sp:e1>62,83 ’be Qp/.
€&——sr:Ea>E2

VLAN Registration on Tree-ID ,,SP“ based on R-ID 1 e[b

MVRP-Attribute-Table: f o
.,/ 2y ob o" ,.e -
EERITRNEENEE  R-ID: E1.1, Tree-ID 5P . e g/
. . . Gy S
NSNS OVIT]  R-ID: E4.1, Tree-ID ,SP /4 e e'
-
Path-ID (P-ID) e ”
1
2 3 3
MVRP-Attribute Table: MVRP-Attribute-Table: MVRP-Attribute-Table: o MVRP-Attribute Table:
MVRP-Attribute-Table: MVRP-Attribute-Table:
2 1
2 3
MVRP-Attribute-Table: MVRP-Attribute-Table:
data VID DV1 registration for MVRP-ATtribute-Teble:

R relation E2 to E4 on Tree-ID ,,SP“
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MMRP - Multiple MAC Registration Protocol

Based on registered Relation and registered VID (Data Plane)

MMRP-Extended-Attributes:

MAC registration on data VID DV1
based on relation E1 to E2, E3

Uni -
MAC-Vector-Attribute: TalkerSystem D "o MC — MAC- Address MMEP Attibute Table:
usaiy (16-8it)
Service-Requirement- [ arememn | 9 | 50 sioek
Attribute: (48-Bit} (16-8it) Unregisterd
“ _
—~—
Relation-1D
Shortest Path with Tree-ID ,SP”
. MMRP-Attribute-Table:
& srrse2 [ e
MAC-Address Registration for Relation based on Data-VID
block unregistered MAC-Address .1 on DV1

block unregistered MAC-Address for R-ID E4.1 on DV1
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MSRP-Extended-Attributes: Stream reservation

from E1 to E2, E3
Talker Advertise/ Talker Failed:

alker-System-iD Umaue e IR Rest of Advertise / Failed
@s-EN) (16-8it) Stear Dfé‘;‘;%{f)” (TSpec Priority AndRank, Latency [Failurelnformation])
- ress (SR

Stream-ID
-
Relation-ID
Listener:
alker-System-1D ”“:g"e'
(43-Bit) (15.81)
-
MSRP-Domain-Discovery:
Unique-
Ta'ke';gyé‘fm'"j D SRClassiD | SRClassPrio | SRClassviD
(48.8) (16-Bit)
Relation-1D

Shortest Path with Tree-ID ,,SP“

€ sp:r1562,83

Stream Reservation for Relation on Tree-1D ,,SP“ on data VID DV1

=] [=]  Stream E1.1from Talkder E1 for Relation EL.1, Stream DA 1, on data VID DV1

[E1—] | SDAT ]

e
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MSRP - Multiple Stream Reservation Protocol
Based on registered Relation and registered VID (Data Plane)

MSRP-Extended-Attributes:

Talker Advertise/ Talker Failed:

Stream-
Talker-System-1D Unique- | U3 clets Rest of Advertise / Failed
(8-Bit) ) e T (TSpec PriorityAndRank Latency [Failurelnformation])
) i ress (SR
Relation-ID
Listener:
Sream | oo
Talker-Syster-TD Unique- i
6B oy | 4o
MSRP-Domain-Discovery:
Unigue-
Taker system D B | soaso | scaserio | scmso
i (15:8it)

Relation-ID

Shortest Path with Tree-ID ,SP"

€ spEa 2

Stream Reservation for Relation on Tree-1D ,SP on data VID DV1

il
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for Relation E1.1,

Stream E4.1 from Talkder E4 for Relation E4.1,

on data VID DV1

on data VID DV1

Stream reservation
fromE1to E2, E3

SRR AHrBUtE TabIr

e o o o 2 s |

Titener Table:
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TSR ARTIBUTE-Tab1e:
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/
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TVISRP ATtrbUte Tabler

[Foiker AdvertizeTabie:

TVERP AHrIBULE Tabler

Titenerable:

SRR AHrBUtE TabIr
[Flker-Advertize-Table:

Listener Table:

Listener-Table:
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TVERP A bt Table:

Talker Advertize Table:
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Dynamic Registration & Reservation on

calculated Redundant Trees

Multiple Redundant Tree (e.g. MRT)
€& Red Tree / Path: Tree-ID ,MRT-r*
€&—— Red Tree / Path: Tree-ID ,MRT-b*

Path Registration
on Tree-ID ,MRT-r

Bl e

VLAN Registration

on Tree-ID ,MRT-b*

Relation: E1->E2

u %
N o
EL WRTE  DVL for R-ID E1.1 on Tree-ID ,MRT-r* V“, 90/
E1N W20 WRTH MBS Data VID DV2 for R-ID E1.1 on Tree-ID ,MRT-b* 9@ 90(,,
D

MAC Registration
RN

B 1 BU

for R-IDEL1
for R-IDEL.1 0n DV2

STREAM Reservation

T SDAL

i] SDAL

Talker:

»Establish

Stream from E1 to E2
over redundant path”

for Relation E1.1,
for Relation E1.1,

Establishing a Reservation for Redundant Stream

TIVRP-AErbUte Table:

RT E

MVRP.

Data-Plane VID: VL
VIR Aftribute-Table: MVIRP-Aftribute-Tabl
B 1 BU

VSRP-Atribute-Table:
| Talker Advertise Table |

(= et v

TtenerTable:

T

<

on data VID DV1

—£1—
2

El\

E1

MIVIRP

Data-Plane-VID: DVL
TIVIRP AEErb e Tabler
EL 1 BU

ISRP-Atribute Table:

S et
==
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—E1—

E1l

MVRP

Data-Plane ViD: VL
TIVIRP ATirbute-Tabler MIVIRP-Attributs
EL 1 BU

E2

BLCE
~Next Hop”
(e.g. MRT)

— 22— O

MPRP

Tre D VAT
MPRP-AttriDute: PRP-Aftrbute Table:
Bl E
TVRP ATtribUteTable:
El 1 WRT-b MENEE

MVIRP

Data-Plane VID: DVL
IVIRP-Aftribute-Table:

SRR Attrbute Table:
Talker-Advertise-Table:

(= e ez

ISRP-ALtribute Table:
Talker. Advertise Table: |

5 I 75 0 = ) |

Uistener Table:
{ e e o e

E2
E1l

—0—>
—0—

Tstener-Table:

T T .
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E2

TN

MPRP.

Tree D VAT
MPRP-Aftribute-Tabl MPRP-Attribute-Tabl
EL 1 E2

MIVIRP

Data-Plane ViD: DVL

TIVIRG AT ribUte-Table: MVIRP-Aftribute-Table:
B 1 BU
SRR Atribute Table:

tenerTable:
= 1

MPRP

D VIRTE"
MPRP-Aftribute-Ta MPRP-Attribute-Table:
1 e B 1 ez

VP Attribute-Table:

DvL
El |1 WRT-b NN

MIVIRP
Data-Plane-VID: DVL
MVIRP-
B 1 BU EL BU
VSRP-Atribute-Table: ]

==t el

LstenerTable:
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Dynamic Registration & Reservation on

redundant Trees combined with Seamless Failover

Establishing a Reservation for redundant Streams based on ,Seamless Failover” IEEE 802.1CB

Multiple Redundant Tree (e.g. MRT)

€& Red Tree / Path: Tree-ID ,MRT-+* 5 py— py—
€ Red Tree / Path: Tree-ID ,MRT-b* g iy,
RONRC P MIPRP-Attribute-Table: PRP-Aterbute Table: VIPRP-Aftribute Table: PRP- e bute-Table:
o e o T R
Path Registration oﬁev e Ver BLCE
on Tree-ID ,MRT-r - on Tree-ID ,MRT-b* (3 "fpw VRP-ARribUTE Table: “w VAP AT rIButE Table:
Py, o ELC T MRTS DVL Next Hop EL 1o MRTD VL
B0 1 [ & ] Relation: EL ->E2 @ 7
. o (e,g, MRT) o
VLAN Registration %
%
&

S R 01 for RAD E1.1 on Tree-ID ,MRT-r* ‘)o;,"’/% /

11 MRTS DVL for RID E1.1 on Tree-ID ,MRT-b* %%,

0.7 TVISRP-Attribute-Table: TWISRP-ATEribUte Table:
Talker Advertise Tame: 1 Talker Advertise TableT

MAC Registration 5 et - 115 ) 2 = e 7 1

EL 1 BU for R-IDEL.1 ———2—] O ) Uistener-Table:

£ 1 =TT
&—E1— E1 =]

STREAM Reservation

UstenerTable:
e i

VN I

for Relation E1.1,

Talker: ,,Establish I T
Stream from E1 to E2 E2 “
over redundant path”

E2
—E1—]

-

3
E1 \ o z <> ' 0 ’ —0—

MPRP PRP
H s i PR Tl e T
PR At Tae: WPt 1 MPRE Attt T WeRP AtriteTan
VP Attribute-Table: VAP Attrbute-Tabler
— ovL R v
B 1 WRTH DV 11 WRTH DV

MPRP. MPRP.

TreeiD
MPRP-Attribute-Table: MPRP-Attribute-Table: MPRP-Attribute-Table:
EL 1 E2 EL 1 E2

[_ViSRP Airbute Table:
MVRP-Attribute Table: MVRP-Attribute-Table:

ke Ay T
5 2 ot I 1 11 ) o
E1 T —E1— e ovi !

v £2 4 —E— — s
| 5o | : Slesass

O Data-Plane-VD: VL
o

ISRP-Aftribute-Table:

Tolker AdvereTae:
(] 7 s E

RP-AttributeTable: TRP-Attribute-Table:
Talker Advertise Table: Talker Advertise Table:
ET 95t 7 5 |
Ustener Table: Ustener Table:
(= et 5 e | | = et 0 e e
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Registering the communication relations along the Tree to establish a “Tree per Relation
in a distributed organized network.

=> For dynamic registration and reservation the hole MRP-Protocol family can be used.
Only MRRP and small extensions for the existing MRP-Protocol family are necessary!

Overview of the dependencies

Decentralized path

calculation (BLCE) to

determine the Egress MMRP to make sure that MSRP to reserve

ithi ) MVRP to establish data unregistered MAC- resources and bandwidth
Tf::lglt,h“s%” M_RRP to register planes (data VID) for Addresgs will be droped for streams for relations
relations based on tree registered relations within the data plane within a data plane

(data VID)

MSRP-Attribute-Table:

MVRP-Attribute-Table:

-

TTTTTT

VA7) T N\

Nz7 O X&\
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“Plug & Play” was very essential feature for Ethernet and is one of the features
which makes Ethernet so successful!!!

“Plug & Play” for robust QoS based on BLCE to support shortest path or

redundancy is a valuable feature for a lot of industries
(not only industrial automation).

= |s relation registration (MRRP) based on MRP for BLCE Ethernet networks acceptable?

= Next Steps?

Page 19 March 2014



SIEMENS

Thank you for your attention!

Franz-Josef Goetz
PDTIATSTM 4 2
Gleiwitzer Str. 555

90475 Nurnberg

Phone: +49 (911) 895-3455
E-Mail:

I

siemens.com / answer
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