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Synchronization Issues

OLT adjusts gain and recovers clock during special burst
preamble (SyncTime)

OLT cannot use FEC until it knows where FEC codewords start

OLT should be able to lock on 66-bit block boundary and on
FEC codeword boundary on pre-FEC (uncorrected) data

Laser On Time

Threshold adjustment

Clock adjustment

Lock on 66-bit block boundary

r Lock on “Start of FEC codeword”
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Sync Time FEC codeword FEC codeword
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How to Lock on 66-bit Block Boundary?

For sync time, use special 66-bit pattern with low auto-
correlation, s.t. any cyclic shift by n bits (n= 1..65) results in
many errors

Different DC-balanced 66-bit patterns exist that provide
minimum Hamming distance = 30 for any bit shift

——66b value:100111100010010011101001001110011011000111011100010110001000100111

—+—66b value:100111100011010110111010110001010100010111000100011011010101001100
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Example of Sync Pattern

Input Data Syne Bit fields
(first RS teansfer | second RS transfer) | [0 [1] ] [2] [65]
DoD4D>D5/DyDsDgD7 [ 0 | 1 Dg Dy D7
SoD1D2D3/DsDsDgD7 [ 1] 0 | 0x78 Ds Dg Dy
ToZ12222/2425%gZ7 | 1] 0 | 0x87 Cq Cg Cg Cy
DoT1223/ 24252627 | 1| 0 | 0x99 Cy Cs Cs C
DgD1T225/2425Z2627 | 1 | 0 | Oxaa Cy Cs Cs Cs
DoD1D2T4/Z2425ZgZ27 |1 | 0 | Oxb4 Cy Csg Cg B
DgD4D-D3/Ty4Z5ZgZ7 | 1| 0 | Oxcec Cg Cg Co
DoD{D>D~/D T5ZgZ7 | 1| 0 | 0xd2 D, Cp C;
DoD{D,D3/D4DsTgZ7 | 1 | 0 | Oxel D, Ds C
DoD1DoD2/DD=DeT7 | 1] 0| OXEE D4 Ds Dg
202,2,2,/7,2.Z.7,11]|0]|0x1le|O0x6b | Ox2e | 0x23 | 0x45 | Ox0e | Ox31 | Ox2b [ Ox19
A S/
N
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- No reserved values
- Maximum run length = 3 (except code field)
- DC-balanced
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Generating Sync Pattern

e Generating special sync pattern is trivial

BEGIN

v v

WAIT_FOR_CODE_GROUP
// Receive next 66-bit block

In this state, the laser
IS being turned on.
The data Detector’s
FIFO contains exactly
the number of IDLES
sufficient to cover
laser_on + SyncTime.

Data Detector can
replace all stored
IDLEs with a special
sync pattern

If the 66-block contains If the 66-bit block contains
any non-I1DLE characters only IDLEs
DATA_ARRIVAL IDLE_ARRIVAL
IdleLength = 0O IdleLength += 8
|
. LaserlsOn == true AND else
Laserlsol—— false else IdleLength > DelayBound
TURN_LASER_ON TURN_LASER_OFF
LaserlsOn = true LaserlsOn = false
PMD_SIGNAL .Request(true) PMD_SIGNAL .Request(false)
Replace IDLES in the FIFO |
I
UCT uer
v Y v \

TRANSMIT_CODE_GROUP

// remove head-of-line 66-bit block from the queue and transmit it out
// append the new 66-bit block to the tail of the queue
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How to Delineate FEC Codewords?

e The FEC decoder needs to know precisely
where FEC codewords start

e [t Is enough to find the start of the first
codeword in the burst. All consecutive
codewords will be delineated automatically.

e To find the start of the first codeword, it Is
enough to find the end of sync sequence
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How to Find End of Sync?

e Make the last sync 66-bit block unique (call it burst
delimiter).

e Choose the last block to have high Hamming distance with
sync pattern

— For example, burst delimiter = inverted sync pattern

e \When burst delimiter is found with less then N bit errors, the
receiver knows that the next block will be the beginning of a
FEC codeword.

Pattern X for fast block alignment

Pattern Y for high Hamming distance with X (Y = ~X)

Sync Time FEC codeword FEC codeword
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Burst Delimiter Pattern

e Burst delimiter pattern should have large
Hamming distance from Sync Pattern

e In the following example, the Hamming

distance is 56

Sync Pattern
(repeat n times)

ZOZIZZZE)/ZlIZsZGZ7 1 Oxle | Ox6b | Ox2e | 0x23 | 0x45 | 0x0e | 0x31 | Ox2b | 0x19
o 4
v
Burst Delimiter Comp/le\ment
(repeat once) Ve ~
zozlzzz3/z4zszsz7 1 Oxle | 0x14 | 0x51 | Ox5c | Ox3a | Ox71 | Ox4e | 0x54 | 0x66
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Considerations for Scrambler

e Sync pattern should not be scrambled to guarantee
low auto-correlation. Data Detector is below
scrambler, so it is OK.

e But the FEC codewords are scrambled. To allow
receiver to synchronize the scrambler, there should

be 1 scrambled IDLE 66-bit block before the FEC
codeword.

Pattern X for fast block alignment

Pattern Y for high Hamming distance with X (Y = ~X)

IDLE block for scrambler re-sync
v ;

Sync Time FEC codeword FEC codeword

January 15, 2007 P802.3av, Monterey, CA o]



Required Data Detector Modifications

From
scrambler TR Frame 1 IDLEs Frame 2 IDLEs

Data
Detector -
FIFO
{
Signal on i
the line Sync . Frame 1 Frame 2 ‘

When the laser is off and the first non-idle 66-bit
block enters the data detector, replace FIFO
contents with

sync pattern + burst delimiter + 1 IDLE block
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FIFO Replacement Procedure

e The replacement
happens just before the
first non-idle block is
added to the FIFO

_ FIFO Tail
e If FIFO contains N [0]

66-bit blocks...

1. Replace blocks
2..N-1 by Sync
Pattern (X)

2. Replace block 1 by
Burst Delimiter (Y)

[N-1]

Data detector
FIFO before
replacement

Scrambled IDLE
Scrambled IDLE

Scrambled IDLE

Scrambled IDLE
Scrambled IDLE
Scrambled IDLE

3. Keep block O FIFO Head
unchanged
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Data detector

FIFO after

replacement

Scrambled IDLE

Burst Delimiter

Sync Pattern X

Sync Pattern X

Sync Pattern X
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