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e Fairness as An Objective

Equal opportunity access to ring bandwidth for all stations, no single station
should be starved from ring bandwidth.

Simplify and support distributed dynamic ring bandwidth management.

— Efficient ring bandwidth allocation and utilization

Support ring station plug and play by eliminating explicit node ring bandwidth
fairness or unfairness configuration, otherwise, it may involve reconfiguring
all the nodes on the ring.

Support great and complex QoS features in higher layer traffic management
by providing consistent and deterministic ring access rate.

SRP-fa Performance IEEE 802.17 RPRWG
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e SRP Fairness Algorithm

A distributed algorithm

— each node executes a local copy of SRP-fa

Periodically propagate and use bandwidth usage information to ensure global
fairness

Control low priority packets ring insertion rate and forwarding rate
Ensure rapid fairness convergence and adaptation

Guarantee packet delivery once it is on the ring (no packet loss on the ring)

- N
Reference:
D. Tsiang and G. Suwala, “The Cisco SRP MAC Layer Protocol,”

IETF RFC 2892, August 2000
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e SRP-fa Fairness Control

High Priority Host Packets Are Not SRP-fa Rate Controlled

SRP Transmit Order Transmit Queues

— High priority transit packets Lo Priority Hi Priority

— Low priority transit packets if Low Priority TB is full

— High priority host packets

— Low priority transit packets if LP TB exceeds low threshold

— Low priority host packets

— Low priority transit packets @
Low Priority Host Packets Throttled When .

Transit Buffer
— My usage > Allow usage , e
o o Hi priority [l 0 A |
— My_usage > Max_allow Lo priorig B ,, 20.4 > Tx Fiber
— LP TB is not empty o Frionity i : hy
and My _usage > Fwd_rate @
High Threshold Low Threshold
Farmess—/
Signalin

g
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M SRP-fa Simulation Evaluation

Simulation One:
VolP and TCP applications performance over DPT-OC12 ring
Simulation Two:

Unevenly distributed TCP traffic performance over DPT-OC12 ring

SRP-fa Performance |IEEE 802.17 RPRWG
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Simulation One
. VoIP and TCP Application

DPT-OC12 ring with 34 nodes

Link propagation delay 200us
(40km), total aggregation link
latency 3ms.

12 nodes aggregation, routing node
ip forwarding speed is 5.32Mpps

Http, Ftp, UDP and VolP traffic
aggregate to destinations attached
to DPT/SRP node_0

500 simultaneous callers in each
call group

SRP Configuration:

- HP transmit buffer 5.6Kbytes

- HP transit buffer 5.6Kbytes

- LP transit buffer 512Kbytes

- LP transmit buffer 512Kbytes

- LP Tb low threshold 128Kbytes

' Y : Yl , : = - LP Tb high threshold 500Kbytes

CallerGroup2 i fiofe 5. B IR > Max_allow 32000

ey =

g CallerGroup4

0 l: a.ll& i r-:-up 2
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] Simulation Runs

Referenced VolIP traffics are from CalleeGroupl (55Mbps) and CallerGroup2 (49Mbps).

There are four simulation runs

—|Total Traffic (bits sec) - 1Ol x|
— Link utilization 70%: (5 node aggregation) B it Bl Neds Aamenation
5 d Burn: & MNode & Ei
* VoIP from CalleeGroupl and CallerGroup2, total 104mbps - Tﬁﬁgrﬁun:uﬁ Nngee.ﬁ.ggg;gﬁulr?n
« Hitp traffic from WebServer and WebServer2, total 84Mbps W Fourth Run: 12 Mode Aggregation

. . Total Traffic: [bitz/2ec)
« Ftp traffic from FtpClientl, 9 and 11, total 168Mbps 00,000,000

» UDP traffic from UDP_Gen3, total 80Mbps

] o ) BO0. 000, 000
— Link utilization 86%: (6 node aggregation)
* VVoIP same as first run a0, 000,000
« Http traffic from WebServer, WebServer2 and 3, total 124Mbps
400,000,000
« Ftp traffic from FtpClientl, 5, 9 and 11, total 224Mbps
» UDP traffic from UDP_Gen3, total 80Mbps 300,000,000
— Link utilization > 100%: (11 node aggregation)
200,000, 000
* VoIP same as first run
« Http traffic from WebServer, WebServer2, 3 and 4, total 160Mbps 100,000,000
« Ftp trffic from FtpClientl, 3, 5, 7, 9, 11, 13 and 15, total 304Mbps - ]
» UDP traffic from UDP_Genl, 2 and 3, total 250Mbps Pl N e SR e D R e D R |
0= Bs 125 18z 24z 30

— Link utilization >100% (12 node aggregation)

* 50Mbps more VolIP traffic from CallerGroup4 to CalleeGroup2, total 150Mbps
« Http, Ftp and UDP traffics are the same as the third run

SRP-fa Performance |IEEE 802.17 RPRWG 8
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TCP Configuration and Sampled Ftp
Traffic Source Profile

value ~loix|

Attribute

Maximum Segment Size (hytes) Auto-Assigned

Receive Buffer (bytes) 63336

Receive Buffer Usage Threshold (of RCY BUFF) 0.0 125,000,000
Delayed ACK Mechanism segment/Clock Based

Maximum ACK Delay (sec) 0.200

Slow - Start Initial Count (M33) 1 100,000,000
Fast Retransmit Enahled

Fast Recovery Disabled

Window Scaling Disabled 75,000,000
Selective ACK (SACK) Disahled

Magle’s 3WS Avoidance Disabled

Kam™s Algorithm Enabled

Retransmission Thresholds Attempts Based 20,000,000
Initial RTO (sec) 1.0

Minimum RTO (sec) 0.5

Maximum RTO (sec) 64 25,000,000
RTT Gain 0.125

Deviation Gain 0.25

RTT Deviation Coefficient 4.0

Timer Granularity (sec) 0.5

Persistence Timeout (sec) 1.0

- TCP

SRP-fa Performance

Configuration

TCP Tahoe with fast retransmission

No fast recovery
No window scaling
Buffer size: 65535 bytes

B FtpClient1 Outbound Traffic [bitsfzec)
B FtpClientd Outbound Traffic [bitsdzec)

A
WI'XHMIF””M “”“‘MLM

0= Bs 12z 18z 24z 30z

« FTP Traffic Configuration

140 simultaneous users

Exponential ftp request inter-arrival, mean 2sec
Exponential file size, mean 100kbytes
Overall average 56Mbps

IEEE 802.17 RPRWG
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—+#]LAN.Outbound Traffic (bits/sec)

B Object Calleeloup] of Enterprize Mebworl:
B Object: CalleiGroup2 of Enterprize Metwarl:
LA Outbound Traffic [bits/zec)

£0,000,000

Lo =

50,000,000

40,000,000

30,000,000

VolIP Traffic
20,000,000

10,000,000

o

Os Es 12= 18= 2= A=

Sampled VolP and HTTP
Traffic Source Profile
=101 ]

=101 x|

i—]LAN.Duthuund Traffic {bits/sec)

B Object: WebServer of Enterprize Metwark,
B Object: WebServer? of Enterprize Mebwark
LAM. Outbound Tratfic [bitzdzec)

125,000,000

100,000,000 |

75,000,000 |

R0,000.000

25,000,000

0|

= B= 125 18z 2z 0
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* VoIP traffic profile from CalleeGroupl and CallerGroup2

* 500 simultaneous callers in each LAN, exponential talk
duration (7min), erlang interarrival process (scale 1, shape 6)

* Voice talk spurt exponential (0.352 sec)/silence (0.65 sec)

* Voice encoding: G.711

* 1 voice frame per packet

* Http1.1 traffic profile from WebServer and WebServer2
* 140 simultaneous users in each LAN

» Exponential page interarrival process

» Object number per page: exponential with mean 5

* Object size: exponential with mean 60k bytes

IEEE 802.17 RPRWG 10




Cisco SYSTEMS VOoIP Traffic on the Rlng
L between the Runs

SHE = IDL}H i—][allerﬁruupz of Enterprise Network - O] =]

i—][alleeﬁruupl of Enterprise Net
W Firzt Bur: Link Utilizabon 702

e
W First Run: Link Utiization 70% = e

W Second Rur: Link Utiization 86% Third Fun: Link Utiization 100%
Third Rur: Link Utilization 100 Fourth Rur: Link Utilization 100%
Faurth Bun: Link tilization 1005 WolP Traffic from CallerGraup [bitz/zec)
YWaolP Traffic from CalleeGroupd [bitedzec) 60,000,000

£0,000,000

401,000,000 / 40.000.000 /
20,000,000 / 30,000,000
20,000,000 / 20,000,000 /

10,000,000 / 10,000,000 /
| L I | | | I | | pmm P e | | | e e e | e e | | ] | e | T | T T E | TT 101 |
Oz Bz 122 18z 2dg Al s = 122 18z s 20z
VolIP traffic sourced on the ring at Node_1 VolIP traffic sourced on the ring at Node_9

SRP-fa Performance IEEE 802.17 RPRWG
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e CalleeGroupl VolP Performance
° Voice Packet End-to-End Delay

i—][allerﬁruupl of Enterprise Metwork _ |0l x|
B Firzt Bure Link Utlization 70%, WolP 104Mbps .
B Second Rur: Link Utilization 863, WolP 1040 bps _—Lﬁ—]nude_l of Enterprise Network - 13| =]
Third Rur: Link Utilization 1002 VolP 104Mbps : ; T T
Fourth Run: Link Utiization 100%, VolP 150Mbps M First Fur: Link Utilization 70%. YolP 55Mbps
Prob [<= walue] of Yoice Caling Farty. Packet End-to-End Delay [zec] i Sec_und Hun_: Llnk_l__|t|||_zat||:|r'| £67%, Vol BSMbps
10 Thrid Rur: Link Utlization 100%, WalP 55k bps
Fourthh Bun: Link Utilization 100%., Yol P 55Mbps
0.9 SRF.High Prio Transmit Buffer Usage [butes)
E00
0.8
a00 R
0.7
400
0.E
300
0.5 P
200 I
0.4 j
100
0.3
||||II|IIIII|IIIIIIIIIII|IIIIII
02
0= Ez 12= 18= 24z 30z
0.1
Loy | | | I
a7 28 29 4 471 High Priority Transmit Buffer Usage at Node_1
walue [=0.000]

» Cumulative Distribution Function (CDF) for voice packet delay
* Largest delay variation is 300us
» As more high priority traffic aggregates on the ring, its delay gets smaller

SRP-fa Performance IEEE 802.17 RPRWG
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i—]talleeﬁruupz of Enterprise Network

W Firzt Bur: Link Utilization 70%, ValP 104k bpe

B Second Bun: Link Utilization 86%, ValFP 104kMbps
Third Bun: Link Utilization 100%, YalP 104tbps
Fourth Fun: Link Utlization 100%, WolP 150Mbps

Prab [<= valug] of Yaize Called Party. Packet End-to-End Delay [zec] CallerGroup2-: CalleeGroup2

1.0

0.4

=10l |

0.8

0.7

//

//

—/
/)

0.3

0.2 /-/

0.1

oo =

Ma—

2.05 21 215

| I
22 250

walue [#0.007]

CallerGroup2 VolP Performance
VolP Packet End-to-End Delay

—#|node_9 of Enterprise Network

rk o [
B Firzt Bun: Link Utilization 70%. %ol 104kMbps
MW Second Run: Link Utilization 286%. YolP 104Mbps
Third Fun: Link Utilization 100%, WolP 104Mbps
Faurth Rur: Link Utilization 100%, WolP 150kMbps

SFPF.High Frio Tranzit Buffer Usage [bytes)]
1.750

1.500

1.250

1.000

750

501 ’ Node 9
0 ! Transit Buffer Usage

Oz (=73 12z 18s= 24z A0z

» CDF of voice packet delay
* Largest delay variation is 180us

* Voice packet transit delays at most one low priority packet size

SRP-fa Performance
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_—Lﬁ:—]nude_g of Enterprise Mebworl — 10 =i
m First Bun: Link Ltiization 702, YolP 104k bps
B Second Bun: Link Ltilization 862 YaolP 104kMbps
Third Rur: Link. Utilization 1002, wolF 104k bps
Fourth Burn: Link Uhlization 100%, YolP 150Mbps
Maode 9 High Prio Transmit Buffer Llzage [butesz]

1.250
1.000 P
ra 8 ——— L BRSSP R el
500
250 Node_9
Transmit Buffer Usage
g 7 a2l 28
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W CallerGroup4 VolP Performance

I : — | #]{Fourth Run: Link Utilization 100%o, ¥oIP 150~BRSSN
ﬂFuurth Run: Link Utilization 100%, YoIP 50Mbps from CallerGroup4-=CalleeGroupZa ™ : y " : :

:--v- CallerGroup4 of Enterprise Network

* CDF of voice packet delay
« Largest delay variation is 230us

SRP-fa Performance IEEE 802.17 RPRWG
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i—]FtpElientl of Enterprise Network

B First Bun: Link Utiization 70%
m Second Fun: Link Ltilization 6%
Third Rur: Link Utilization 1003
B Fourth Bun: Link Utihzation 100%
LAM Outbaund Traffic [bitz/zec]

=10 x|

125,000,000

100,000,000

75,000,000

50,000,000

25,000,000

e 9z 14z 19z 24z 29

:—L}]Ftpl:lienl:l of Enterprise Netwurié_;'

B First FBun: Link Utilization 705
m Second Rurn: Link Ltilization 8653
0 Third Burn: Link Utilization 1002
Fourth Rurn: Link Ltilization 1003
Frob [<= walu=] of Client Ftp. U pload FResponse Time [zec]

Low Priority Traffic Performance

N = |

dun
I

* Low priority traffic conforms to fair transmission rate

» Severe delay increase for excessive low priority traffic

SRP-fa Performance

;ii]Fl:pEIientl of Enterprise Network

1.00

0.9z

0.96

0.94 |

092 |

...0.90

M First Run: Link Ltilization 0%
m Second Run: Link Utilization 86%
Third Bur: Link Utilization 1002
Fourth Bun: Link Ltilization 1 002
Frob [<= walue] of Client Ftp. Upload Responze Time [sec]

10 20
wvalue

IEEE 802.17 RPRWG
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CZED S0 300
: ¥ fal :

L i ?
| 'F:‘t::p E’li‘?h’ti‘.[‘:

g v.,..,.

‘Ftpe

..... e T

| 75xx

3

Ftpclientd | Ftphlientt
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Simulation Two
‘Unevenly Distributed TCP/FTP Traffics

Link propagation delay 200us
(40km)

15 nodes aggregation, (total 34
nodes), routing node ip forwarding
speed is 320kpps

FTP clients traffic aggregation to a
common FTP server at node_0

There are 40~160 simultaneous ftp
sources in each 1000Base X LAN

SRP Configuration:
- LP transit buffer 512Kbytes
- LP transmit buffer 512Kbytes
- LP Tb low threshold 128Kbytes
- LP Tb high threshold 500Kbytes
- Max_allow 32000

16
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e Simulation Runs

Unevenly distributed TCP/FTP traffic aggregates along outer ring with the same traffic

source profile as FTP in previous simulation.

There are three simulation runs:

— First Run: link utilization 84%,

total traffic 521.6Mbps

Rate (Mbps)

— Second Run: link utilization 95%,
total traffic 587.2Mbps

— Third Run: link utilization: > 100%,
total traffic > 622Mbps
* Fair rate for the large sources

is about 47Mbps

50

40
30
20
10

60
50
40

301
201

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

SRP-fa Performance IEEE 802.17 RPRWG
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WM. Traffic Aggregation on the Ring

I node_0O of Enterprise Network

B Fir=zt BPuon: Link Utilization 25%
B zZecond Pun: Link Utilization 35%
0 rThird Pun: Link Ubtilization 100%

SPF _Total Traffic Receiwed (biktsS=ec)
200, 000, aoa

w

1 T TN
J 'ﬂ WI INTTIA

E00, 000, 000

SO0, 000, 000

400, 000, 000

00, 000, 000

200, 000, 000

100, 000, 000

R L T T T 1 T T 11 T T T 1 T T 11 T T T 1
[ | I [ [
0= L= 10= 15= 20= 25 = 0=

When overloaded, ring bandwidth is 100% utilized.

SRP-fa Performance IEEE 802.17 RPRWG
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TCP Performance for
° Conforming Traffic

FtpClient3 of Enterprise Network "-'— FtpClientd of Enterprise Nebwork I
== TCP/FTF Application Two: Second Bumn == TCP/FTF Applicstion Two: First Run
TCPSFTF Application Two: Third Run mm TCF/FTF Application Two: second Run
Prob [<= walue] of client Ftp.Upload Response Time {sech TCP/FTF Application Two: Third Run .
1.0 a9 @ Prob [<= wwalne] of client Ftp.Upload Response Time {sech
0.3 -l: f.
0.3

o
w

=3

w
i

o
.

walue walue

FtpClientl 5 of Enterprise Network

mm TCEAFTF Application Two:

First Buxn

mm TCP/FTF Application Two: First Run = TCP/FTF Application Two: Second Fun
mm TCPSFTF Application Two: Second Bun TCPAFTP Application Tweo: Third Fun :
TCPAFTP Application Two: Thrid Bun 1.0 Prob [<= walue] of client Fitp. Upload Responze Time {sec)
1P0roh [¢= walue] of cCclient Ftp.1Mpload Response Time {sec) : fﬂ'—
' i o2
0.3 f
7
0.5 !
i 0.7
.7 '(
0.6
0.E I
0.5 0.E
0.4 0.4 !
0.z 0.3 !
oz 0.2 [
o1 0.1 }I
o0 ;
| [ | o I '
a z a 1 2
wwalue waluoe

Fair and consistent TCP delay performance as more traffic aggregates and the ring is
oversubscribed.

Guaranteed TCP delay performance for conforming traffics.

SRP-fa Performance |IEEE 802.17 RPRWG
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TCP Performance for
° Non-Conforming Traffic

— FtpClient] of Enterprise Network

FtpClient5 of Enterprise Network

FtpClient9 of Enterprise Network

mm TCESFTF Application Two: First Run

m TCESFTP Application Two: Second Pon
TCE/FTF Application Two: Third Run

1P:E-:|h [¢= walue] of client Ftp.Upload Response Time (sec)

m TCR/FTP Application Two: First Run
m TCR/FTFP Application Two: Second Bun

TCESFTF Application Two: Third Run

[

a DProh [{= walue] of client Ftp. Upload Response Time {sec)

1 DProh [¢= walue] of Cclient Ftp Upload Response Time {sec)

= TCRE/FTP Application one: First Ruon
= TCP/FTP Application Two: Fircst Bun
TCP/FTF Application Two: Second Fuon
TCP/FTF Application Two: Third Run

03 /J’/_-" 0.9 |
o s i 0.8
07 'f 0.7
0.5 .‘ 0.8
0.5 F 0.5
0.4 r 0.4 J
0.3 J 0.3
0.2 0.z
0.1
0.1
0.0
E|| l 2| 0.0 I | | I
[ walue ’ + valuzeu valuz .
Severe performance degradation for the excessive rate in non-conforming TCP traffic when
ring is oversubscribed.
Stable and good delay performance for >90% of the TCP traffic
SRP-fa Performance 20
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I First Run: TCP Application Performance

Prnb [<= value] of Client Ftp.Upload Response T SRP.Data Traffic Sourced (bits/sec)

mm 0bject: Ftpoclientl of Enterprize Retwork uﬁj“tf nnge % ':'E Eniéerpr.j.se Hemnri
m 0bject: Fipolient? of Enterprisze Hetwork Uy Eeis: DELE B Oh ENEEYEIsE HiSEon

g : . . object: node 2 of Enterprise Hetwork
object: Ftpclientd® of Enterprise Retwork obiect: node 4 of Enterprise Hebwork

Uhject: FtPClJ:'EntA of Enterprj.se Retwrorck object: node 5 of Enterprize Hetwork
object: FtpelientS of Enterprize Hetwork - Dh%ect: node_6 of Entegrise Retwork
m Object: Ftpolientk of Enterprise Hetwork object: node 7 of Enterprise Hetwork
mm Object: FtpGlient? of Enterprise Retwork object: node 2 of Enterprise Hetwork
object: Fhtpclient® of Enterprise Hetwork object: node_9 of Enterprise Hetwork
object: Ftpclientd of Enterprise Retwork object: mode_10 of Enterprise Hetwork
object: Ftpoclientll of Enterprise Hetwork object: node 11 of Enterprize Hetwork
object: Ftptlientll of Enterprise Retwork ohject: node 12 of Enterprize Hetwork
object: Ftpclientl? of Enterprise Retwork m 0bject: nede 13 of Enterprise Retwork
m 0bject: Ftpoclientld of Enterprise Hetwork o EEJ“E n”ge—ig ':'E Enterpr:_.se ﬂemnri
mu 0bject: Ftpclientld4 of Enterprise Retwork Jeet: na SER—P D.:lta an:f?ii:lsseou:ce;r{hits;’sec}
object: FitpclientlS of Enterprise Hetwork 125,000, 000 -

Prob [<= walue] of Client Ftp.Wpload BResponse Time (sec)

a.
100, 000, 000
a.
a.
0 75,000,000
a.
. S0, 000, 000
a.
a.
25,000, 000
a.
. | | |
0.5 1 1.5 .
walune ... 21=

When the ring is not oversubscribed
— Fair and consistent TCP delay performance for all nodes.
— Fair ring bandwidth access for all nodes.

SRP-fa Performance |IEEE 802.17 RPRWG 21
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Prob [

obhject:
object:
obhject:
ohject:
obhject:
obhject:
object:
object:
obhject:
object:
obhject:
object:
object:
object:
object:
Prob [<=

Ftpclientl
Ftpclient?
Ftpclientd
Ftpclientd
Ftpclientht
FtpclientE
Ftpclient?
Ftpclients
Ftpclientd
Ftpclientln
Ftpclientll
Ftpclientl?
Ftpclientl3
Frtpclientld
Ftpclientll

walue] of client Ftp. Upload Response Time (=sech

Second Run: TCP Application
Performance

value] of Client Ftp.Upload Response T II

Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprisze
of Enterprize
of BEnterprizse
of Enterprize
of BEnterprize
of Enterprize
of BEnterprize

He twrorck
Hetwrock
He twrock
Hetwrorck
Heturock
Hetwrorck
Heturock
He twrock
Hetwrock
Hetwrork
Hetworck
Hetuwrorck
Hetwrorck
Hetwork
Hetwork

125, 000, 000

100, 000, 000

75, 000, 000

S0, 000, 000

25,000, 000

1.5
ralnae

SRP-fa Performance

SRP.Data Traffic Sourced (bits,/sec)

object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:

Enterprize
Enterprize
Enterprizse
Enterprize
Enterprize
Enterprize
Enterprizse
Enterprise
Enterprize
of Enterprize
of Enterprize
of Enterprize
of Enterprize
of Enterprize
of Enterprize

Hetwork
Retwork
Hetwork
Retwork
Retwork
Retwork
Hetwork
Retwork
Retwork
Retwork
Hetworck
Hetworck
Hetwork
Retwock
Hetworck

FRF.Data Traffic sourced ¢hitsfsec)

As more traffic aggregates and the ring is not oversubscribed
— Fair and proportional TCP delay increase for all nodes
— The largest traffic gets the largest delay increase
— Smoothed ring access rate for TCP applications

IEEE 802.17 RPRWG
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Prob [<

object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
object:
Frob [<=

Ftpiclientl
Ftpilient
Ftpilient3d
Ftpilientd
Ftpilienth
Ftpilientk
Ftpilient?
Ftpilient®
Ftpilientd
Ftpilientld
Ftprlientll
Ftpilientl2
Ftpilientld
Ftpilientld
Ftprlientlh

walue] of Glient Ftp.Upload Response Time (sec)

e

Third Run: TCP Application
rmance

Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprize
Enterprisze
Enterprize
Enterprize
Enterprize
Enterprisze
Enterprize

Hetworck
Retwork
Retwork
Retwork
Hetworck
Retwork
Retwork
Retwork
Hetworck
Retwrock
Retuwrock
Retwrock
Retworck
Retwrock
Retwrock

Perfo

value] of Client Ftp.Upload Response T

As more traffic aggregates and the ring is oversubscribed
— Fair and proportional TCP delay increase for conforming traffics
— Very large and severe TCP delay increase for non-conforming traffics
— Large TCP source nodes are throttled to fair ring access rate

SRP-fa Performance

IEEE 802.17 RPRWG

SRP.Data Traffic Sourced (bits/sec)

mm Object: mode 1 of Enterprise Hetbtwork
mm Object: mode 2 of Enterprise Hetbtwork
object: mode 5 of Enterprisze Hebtwork
object: mode_ 39 of Enterprise Hetbtwork
object: mode_11 of Enterprisze Hetwork
mm Object: mode_12% of Enterprise Hebtwork

EBT Dats TLaffic Soueced thitsSsec)
0,000, 000

20,000, 000

70,000, 000

E0, 000, 000

S0, 000,000

40, 000, 000

20,000, 000

20,000, 000

10,000, 000

o

mm Object: node_= of Enterprise Hetwork
mm 0Object: node_ 4 of Enterprise Hetwork
object: mode_E of Enterprise Hetwork
object: node_7 of Enterprise Hetwork
object: mode_=2 of Enterprise Hetwork
mm 0bject: mode_10 of Enterprise Hetwork
object: mode__1Z2 of Enterprise Hetbtwork
object: node_14 of Enterprise Hetbtwork
object: mode_15 of Enterprise Hetwork
SPF.Data Traffic Sourced (bitsS=sc)
S0, 000,000
20,000, 000 [ |

70,000,000

60, 000, 000

S0, 000,000
40,000,000
20,000,000 |
20,000,000 _

10, 000, 000
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] Summary

SRP-fa is scalable to large and high bandwidth rings for metro, regional and
wide area networks.

SRP-fa provides excellent support for TCP applications by ensuring
— fair and stable ring access rate
— stable and consistent end-to-end delay performance for all conforming tcp traffics.
— only the non-conforming tcp traffic suffers significant performance degradation.
For high priority traffic, regardless of low priority traffic, SRP-fa guarantees
— its bandwidth requirement and ring access rate

— a predictable packet end-to-end delay and jitter performance

SRP-fa Performance |IEEE 802.17 RPRWG 24
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Appendix

Appendix 1 SRP Overview
Appendix 2a. SRP-fa Rate Counters
Appendix 2b. SRP-fa Feedback Usage Generation

IEEE 802.17 RPRWG
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e Appendix 1 SRP Overview

Spatial Reuse Protocol (SRP) is the new media access control protocol for
bi-directional dual counter rotating ring

— media independent
— utilize both rings to transport data and control packets
— support Intelligent Protection Switching (IPS) for ring protection and restoration
— support plug and play operation
Enable spatial reuse by destination stripping
— allow multiple nodes transmitting simultaneously
— bandwidth consumed only on traversed ring segment

— Unicast packets travels along ring spans between the src and dest nodes only

SRP fairness algorithm (SRP-fa) controls access to the ring and enforce
fairness

Scalable to large number of nodes on the ring
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L SRP-fa Rate Counters

Transmit Rate Counter. My usage

— Incremented when transmitting low priority transmit packets
My usage = My _usage + Packet_Len
— decremented by a fixed fraction at decay interval

My _usage = My_usage - min(allow_usage/AGECOEFF, my_usage/AGECOEFF)

Threshold Counter: Allow _usage and Max_allow

— Allow_usage set to feedback usage from downstream neighbours

— Allow_usage can decay upwards to Max_allow if Null usage is received
allow_usage += (MAX_LRATE - allow_usage) / (LP_ALLOW)

— Max_allow is statically pre-configured.

Transit Rate Counter: Fwd_rate

— Incremented when transmitting low priority transit packets
Fwd_rate = Fwd_rate + Packet_Len

— decremented by a fixed fraction at decay interval
fwd_rate = fwd_rate - fwd_rate/AGECOEFF
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LP TB congestion status
congested = (lo_tb_depth >TB_LO THRESHOLD/2)

If congested, signal the smallest usage to throttle upstream transmit
if (Ip_my_usage < rcvd_usage)
upstream_usage = Ip_my_usage;
else
upstream_usage = rcvd_usage;
If not congested but some downstream node is congested which is
caused by upstream node, pass on received usage to throttle upstream
if ((rcvd_usage '= NULL) && (Ip_fwd_rate > allow_usage)

upstream_usage = rcvd_usage;
Otherwise, signal null usage to upstream nodes

upstream_usage = NULL
if (upstream_usage > MAX_LRATE)

upstream_usage = NULL
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