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Delineation Performance Parameters

* Delineation performanceis calculated using the following statistics:
— Mean TimeTo Frame(MTTF)
— Probability of Lossof Frame (PLF) & Mean TimeTo FrameLoss(MTTFL)
— Probability of False Framing (PFF)
— Probability of Rgecting False Frame (PRFF)

Schemes Mean Time Prob. of Mean Time to Prob. of False Prob. of
To frame Frame Loss Frame Loss Framing Rejecting False
Frame
10GE WAN PHY 2544 msec | 9.56 X 10 | 0.7 millionyears | 223X 10" 0.9995
10GE 8B/10B 1.2 msec 2X10™ 4.5 hours 0 Not Applicable

Summary of 10GE WAN PHY and 8B/10B delineation performance
(BER = 10_12, SONET Link Rate = 10 Gbps, 8B/10B Link Rate = 12.5 Gbps, Avg Packet Size = 500 bytes).
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10GE WAN PHY Review

Delineation Steps
1) Find SONET frame

2) Pointer processing to locate start of payload envelope

90x192 octets

STS-192c Envelope Capacity

<
3x192
A
A [Al-- A
Hie * «H3
PMA 9 P
Transport O| Fixed
Overhead H| Stuff
v
v

[H] [H] .-

STS-192c Payload Capacity

(5]

/

STS-192¢ Synchronous Payload Envelope (SPE)
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10GE WAN PHY Review (cont’d)

3) Delineation of encapsulated MAC frames

A « &3 > « 16,640 Octets =y
[H] [H] ~--
STS-192c —p
SPE Pl _
O| Fixed STS-192¢ Payload Capacity 9
PMA H| Stuff
| [H] l
v
2 5 1 2", 64 - 1518
Length |unused | Type | HEC| scr Ethernet MAC frame
PCS " '
. 7 1% 64 - 1518
v Preamble SFD Ethernet MAC frame
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10GE WAN PHY Ddineation: SONET Framer

Pat-1: subset of Als, exact match

! 192 ! 192 Pat-2: A1/A2transition, exact match
Al |---| Al A2 |---| A2 Jo |--- Pat-3: AL/A2transition, single-bit error tolerant
Al =F6 (hex)
T A2 =28 (hex)

4xPat-3 not found

L

Pat-1 found

2xPat-2 found

Pat-2 not found

Pat-1 not found Pat-3 found
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10GE WAN PHY Ddineation: Framer Performance

Prob (framelossduetoerrorsin A1, A2) =[1-[ (1-BER)®+ 8* BER * (1-BER)"]%4*

Prob » 3.26* 10> * BER®

BER

1E-15 1E-14 1E-13 1.E-12 1.E-11 1E-10 1.E-09 1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1E-02 1.E-01 1.E+00
1.E+04
1.E+00

= 1.E-04
./"'/ 1.E-08
.//' 1.E-12
.//' 1.E-16
.//' 1.E-20
'//' 1.E-24
'//' 1.E-28
.//' 1.E-32
.//' 1.E-36
.//' 1.E-40
.//' 1.E-44
.//' 1.E-48
s 1.E-52

1.E-56
1.E-60
1.E-64
1.E-68
1E-72
1E-76

Probability of Frame Loss

1.E-80
1E-84
1E-88
1.E-92
1.E-96
1.E-100
1.E-104
1.E-108

—&— Framer_Loss —#— BellCore
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10GE WAN PHY Delineation: Pointer Processing

e STS Payload Pointer Coding (H1-3)

H1 H2

H3

NNNNxxID IDIDIDID

-ve Stuff
Opportunity

+ve Stuff
Opportunity

< PTR |

N New Data Flag (nominal value is ‘0110’)

X Unused (nominal value is ‘00)

| Increment (invert 5-I bits to show Positive Stuff)

D Decrement (invert 5-D bits to show Negative Stuff)

H1-2 =‘1001001111111111" indicates concatenation

* Loss of pointer occurs due to

— errors causing a pointer change to be ignored
— errors emulating a pointer change

January 18-20, 2000

Page 8



10GE WAN PHY : Pointer Processing Perfor mance

Pointer Misdetection

1- Pointer Increment
— 8of 10 majority voteb Prob (Incismisdetected) = 1- Prob(<3 errorsin 10 bits)
— worst case frequency offset = 100 ppm (Enet) + 20 ppm (SONET) =120 ppm b 778 adj/sec
— Prob (Incismisdetected) » 5.84 * BER?

2- Pointer Decrement
— thesameasitem 1 b Prob (Dec ismisdetected) » 5.84 * BER3
3- New Data Flag (NDF)
— provisioned, happens » once ayear (e.g. new payload type) b Prob(NDF isignored) » 0

4- Concatenation Flagislost if:
— itisall onesfor 3 consecutive frames (i.e. lookslike AIS) P Prob » 0.0001 * BER?
— itisanything other than AlSor concatenation flag for 8 consecutiveframesb Prob » 1.5E9 * BER®
— itisavalid pointer value, and remainsthe samefor 3 consecutive framespb Prob » 1000 * BER*

5- New Pointer Value
— happens» once a year (e.g. protection/restoration) b Prob( a new pointer valueisignored) » 0

AlIS = Alarm Indication Signal
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10GE WAN PHY ' Pointer Processing Perfor mance (cont’d)

Pointer Emulation

1- Pointer Increment
— the 8 of 10 majority vote must be emulated
— Prob(Inc emulation) » 10 * BER3

2- Pointer Decrement
— thesameasitem 1 b Prob(Dec emulation) » 10 * BER?

3- New Data Flag (NDF)
— need 3 of 4 bitsto bein error and the associated pointer valueto be a valid number
— Prob (NDF emulation) » 3* BER?

4- Concatenation Flag
— need 3 consecutive matches of the 14-bit concatenation flag (appliesto ST S-1#1 only)
— Prob (Concatenation flag emulation) » 3.7E-9 * BER?

5- New Pointer Value
— need the pointer value to change and the changeto persist for 2 consecutive frames
— Prob (New Pointer emulation) » 1E3 * BER?
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10GE WAN PHY ' Pointer Processing Perfor mance (cont'd)

Prob (Pointer Loss) » 5.84 * BER3 + 5.84 * BER?3 + 0.0001 * BER°+ 1.5E9* BER®+
1000 * BER* + 10 * BER3*+ 10 * BER?® + 3* BER3+ 3.7E-9* BER®+ 1E3* BERS?

Prob (Pointer Loss) » 1000 * BERS3

BER
1.E-15 1E-14 1E-13 1E-12 1E-11 1E-10 1.E-09 1E-08 1.E-07 1.E-06 1.E-05 1.E-04 1E-03 1.E-02 1.E-01 1.E+00

1.E+00
// 1.E-02
%

1.E-04

1.E-06

/'/ 1.E-08

1.E-10

1E-12
1E-14

v
// 1E-16
/ 1E-18
1E-20

v

A 1E-22

1.E-24

Probability of Pointer Loss

1.E-26

/'/ 1.E-28

1.E-30

1.E-32

/'/ 1.E-34

1.E-36

/I/ 1.E-38

1.E-40

/ L 1E42
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10GE WAN PHY Dédlineation of Encap’d MAC Frames

Modified version of the Header Error Control (HEC) check algorithm specified in ITU-T 1.432.
Two CRC-16 matches arerequired to movethe framer to the Sync_Correction state.

The header length is 10 bytes (CRC-16 is calculated over thefirst 8 bytes of the header).

Single bit CRC-16 error correction isenabled in the Sync_Correction state.
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CRC-16 found

2nd CRC-16
not found

2nd CRC-16 found

No error found
in the header

No CRC-16 found

Single-bit or multi-bit

Multi-bit error )
error found in the header

found in the
header

No error found in

&/ Wﬁthe header
nc
o Sync
rr on .
Correctio Detection
Single-bit error found in

the header, and corrected
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Delineation of Encap’d MAC Frames Perfor mance

Prob (framelosswith single bit error correction) = 1 —[(1-BER)®+ (8°))BER(1-BER)*]

January 18-20, 2000

Prob » 9560 * BER?

BER

1E-15 1.E-14 1E-13 1E-12 1.E-11 1E-10 1.E-09 1.E-08 1.E-07 1E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00

A

—

1.E+00
1.E-01
1.E-02
1.E-03
1.E-04
1.E-05
1.E-06
1.E-07
1.E-08
1.E-09
1.E-10
1.E-11
1.E-12
1.E-13
1.E-14
1.E-15
1.E-16
1.E-17
1.E-18
1.E-19
1.E-20
1.E-21
1.E-22
1.E-23
1.E-24
1.E-25
1.E-26
1.E-27

Probability of Frame Loss
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10GE WAN PHY: Combined Ddlineation Performance

* Prob (SONET framer loss) » 3.26*10% * BER®
* Prob (SONET pointer loss) » 1000 * BER3
* Prob (Encap frameloss) » 9560 * BER?

P Overall performanceisdominated by the Encapsulation performance:

January 18-20, 2000

Prob (framel0ss),,4 » 9560 * BER?

BER
1.e-15 1.e-14 1.-13 1.E-12 1.E-11 1.E-10 1.E-09 1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01
f f
|
o
/
/
.
/
/
o /
/
. /
/
. /
/
/
/|
/
/
—e— Framer_Loss —@—Pointer_Loss Encap_Loss WAN_PHY_Total

1.E-01
1.E-03
1.E-05
1.E-07
1.E-09
1.E-11
1.E-13
1.E-15
1.E-17
1.E-19
1.E-21
1.E-23
1.E-25
1.E-27
1.E-29
1.E-31
1.E-33
1.E-35
1.E-37
1.E-39
1.E-41
1.E-43
1.E-45

Probability of Frame Loss
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8B/10B Dedlineation

. Name Description Encoding 10B Code-Word | 10B Code-Word
Special Characters (RD ) (RD+)
N/ Idle 1 /K28.5/D5.6/ 001111 1010/ | 110000 0101/
1 I . 101001 0110 101001 0110
Related To Delineation:
Nn2/ Idle 2 /K28.5/D16.2/ | 001111 1010/ 110000 0101/

011011 0101 100100 0101

IR/ Carrier Extended /K23.7/ 111010 1000 000101 0111

IS/ Start of Packet IK27.7/ 110110 1000 001001 0111

T/ End of Packet /K29.7/ 101110 1000 010001 0111

Preamble | Preamble /D21.2/ 101010 0101 101010 0101

SFD Start of Frame Delimiter | /D21.6/ 101010 0110 101010 0110

Comma | Comma character /K28.5/ 001111 1010 110000 0101
Idle Preamble SFD Payload data IFG Preamble SFD Payload data Idle
LA12N12012/S/D21.21 /D21.6/DX.y/DX.yl.............. IR/R/...IRIS/D21.2]  ............. /D21.6/DX.y/DX.yl.............. ITN1N2

SFD: Start of Frame Delimiter
IFG: Inter Frame Gap
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8B/10B Delineation Perfor mance

* Lossof delineation isdueto:
— e@rorscorrupting the delineation characters (/S, /T/, IR/)

— errorsemulating the delineation characters: Single-bit error isdetected by the Running
Digparity (RD) check, so it can not emulate the delineation flag.

Prob (frameloss) = 1 - (1-BER)?®

BER
1E-15 1E-14 1E-13 1E-12 1E-11 1E-10 1.E-09 1.E-08 1.E-07 1E-06 1.E-05 1E-04 1E-03 1.E-02 1E-01 1.E+00
I 1.E+00

A 1.E-01
/"/
1.E-02
Jrd
1.E-03
)
1.E-04
// 1.E-05 %
// =
1.E-06
Jd
1.E-07
Jrd
1.E-08
Jd
1.E-09
jd
1.E-10
Jrd
1.E-11
)
1.E-12
jrd
1.E-13
I~

- 1E-14

F

Probability of Loss of
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10GE WAN PHY vs8B/10B Ddineation Performance

BER
1E-15 1E14 1E13 1E12 1E11 1E10 1E09 1E08 1E07 1E06 1E05 1E-04 1E-03 1E-02 1E-01

f 1E01

|/// 1E-02

= 1E-03 ;
,../’"/ LEos Schemes Prob. of Mean Time to

— 1E05 Frame Loss Frame Loss

r//n/ 1533 21
— 1E08 10GE WAN PHY 9.56 X 10 0.7 million years

|/ 1.E-09
o 1.E-10 11
— 153 ¢ 10GE 8B/10B 2X10 4.5 hours
./,n/ 1E-13

1E-14
1E-15
1E-16
1E-17
1E-18
1E-19
1E-20
1E-21
1E-22
1E-23
1E-24
1E-25
1E-26
1E-27

BER=10~, SONET Link Rate=10Gbps,
8B/10B Link Rate=12.5Gbps, Avg Packet Size=500 bytes

Probability of Frame Loss

—— WAN_PHY_With_Err_Corr —8—8B10B

10GE WAN PHY probability of frame loss
performanceisasrobust as 8B/10B
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PLF Due To Delineation Error vs Payload Error

A framecan betossed dueto a delineation error or a payload error

A well-balanced design should have: PLF (delineation error) < PLF (payload error)

January 18-20, 2000

BER

1E-15 1E-14 1E-13 1E-12 1E-11 1E-10 1.E-09 1E-08 1.E-07 1E-06 1.E-05 1.E-04 1E-03 1.E-02 1.E-01 1.E+00

F—

- 1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

1.E-06

1.E-07

1.E-08

1.E-09

1.E-10

1.E-11

1.E-12

1.E-13

1.E-14

1.E-15

1.E-16

1.E-17

1.E-18

1.E-19

1.E-20

1.E-21

1.E-22

1.E-23

1.E-24

1.E-25

1.E-26

——WAN_PHY_With_Err_Corr —8—WAN_PHY_Without_Err_Corr

8B10B

Payload_Loss

1.E-27

Probability of Loss of Frame
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Frame T hroughput

Degradation_In_Thruput = (Number of bitslost) / (Number of bitstransmitted)

Degradation_In_Thruput = (K * 1518* 8) / (MTTFL * BitRate)
K = Number of frames lost from the time delineation is lost until acquired again.
MTTFL =1/ (PLF* FrameRate)
FrameRate = BitRate/ AvgFramel ength

Degradation_In_Thruput = (K * 1518 * 8 * PLF) / (AvgFramelL ength in bits)

For 10GE WAN PHY b K=5, AvgFramelLength = (500 + 10)/2 = 255 bytes
For 8B/10B p K=1, AveFramel ength = 500 bytes
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Frame T hroughput (cont’d)

1E-15 1E-14 1E-18 1E-12 1E-11 1E-10 1E-09 1E-08 1E-07 1E-06 1.E-05 1.E-04 1E-03 1.E-02 1.E-01 1.E+00

BER

‘ ‘
1.
[

___—

ya

'

rd

'

"

‘ ——38b10b_Degradation —#—WAN_PHY_Degradation_With_Err_Corr

WAN_PHY_Degradation_WithOut_Err_Corr

1.E+02
1.E+01
1.E+00
1E-01
1.E-02
1.E-03
1.E-04
1.E-05
1.E-06
1.E-07
1.E-08
1.E-09
1.E-10
1E-11

1.E-12 °

1E-13
1E-14
1.E-15
1.E-16
1E-17
1E-18
1.E-19
1.E-20
1E-21
1E-22
1E-23
1E-24
1.E-25

in Throughput

Degradation
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10GE WAN PHY delineation performance with
single bit error correction isas good as 8B/10B
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