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Agenda

e Supported PMDs

PMD interfaces
— SUPI
— 16-bit Parallel

WIS (WAN Interface Subla yer)
— SONET frame and overheads

— WIS framing function
— WIS frame synchronization process
— X"+ x® +1 frame-synchronous scrambler

* PCS
— PCS (Packet Delineation)
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WAN-PHY and LAN-PHY Com ponents

XAUI

64b/66Db

WIS

INSSBEN suP

Serial PMD ‘ WWDM PMD




WAN-PHY Layer Model

Upper Layers

MAC Control (Optional) :
Media Access Control (MAC) 64B/66B COdm g
Reconcitaton /| (Packet Delineation )
XGMII :
| . S| SONET Framing &
Al x7+x5+1 Scrambler
XAUL | (WAN Compatibilit y)
XGXS S
Physical Coding Sublayer (PCS) SUP|
WAN Interface Sublayer(WIS) (4 ” 2 48832 Gbaud)
16-bit parallel or
SS 16-bit parallel (OIF)
suet -y
T s | e SerDes
PhySical Medium AttaChment (PMA) ................................ & CDR
Physical Medium Dependent (PMD) E/O
I
MEDIUM
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PMD

Upper Layers

MAC Control (Optional)

Media Access Control (MAC)

Reconciliation

XGMII

XAUI

XGXS

Physical Coding Sublayer (PCS)

WAN Interface Sublayer (WIS)
|

16-bit parallel

SS

SUPI

SS

Physical Medium Attachment (PMA)

64B/66B Codin g
(Packet Delineation )

SONET Framing &
X"+x5+1 Scrambler
(WAN Compatibilit y)

SUPI
(4 x 2.48832 Gbaud)
or
(OIF) 16-bit parallel

SerDes
& CDR

Physical Medium Dependent (PMD)

MEDIUM

E/O
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Need all the PMDs on the Short List

 Main application of WAN PHY is short distance...
— High volume tera-POP applications
— Point to Point SONET Interconnect and DWDM case

* However, lon ger distances are also important
— Dark fiber
— MANS

* Conclusion:
— WWDM PMDs must also support the WAN PHY
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PMD Interfaces

Upper Layers
MAC Control (Optional) 64B/66B Codin 9
Media Access Control (MAC) (Packet Delineation )
Reconciliation
XGMII | .
. ! S| SONET Framing &
— X"+x%+1 Scrambler
XAUL | (WAN Compatibilit y)
Physical Coding Sublayer (PCS) SUP|
WAN Interface Sublayer (WIS) (4 x 2 48837 Gbaud)
16-bit parallel or
ss 16-bit parallel (OIF)
suet- .
I SS - T SerDeS
Physical Medium Atiachment @A) | & CDR
Physical Medi“”; Dleloe”de”t S E/O
MEDIUM
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16-Bit Parallel PMD Interface

*

tx_bit clk  tx_bit<15:0>  16-bit I|7lz::1rallel rx_bit<15:0> rx_bit_clk

PMA

Transmit Receive
\ 4 |
MDI
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16-bit Parallel PMD Interface (cont.)

tx_bit<15:0>

— 16-bit vector representing two octets received from the WIS

— transitions synchronously with tx_bit_clk

tx_bit_clk
— 622.08 MHz clock generated by the WIS

rx_bit<15:0>

— Most recently received 16 bits (MSB first) from the MDI. It is a

continuous and unaligned sequence of octets
— transitions synchronously with rx_bit_clk

rx_bit_clk
— 622.08 MHz clock generated by the PMD

all LVDS
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SUPI (WWDM PMD Interface )

[TT 1 N
4 x 2.48832 Gbaud serial up to ~20” 4 % 2.48832 Gbaud

PMA

Transmit Receive
A 4 |
MDI
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SUPI

e Same physical interface as XAUI...
— 4 serial lanes
— Up to ~20”

e ...But uses different encodin g and clock rate
— 2.48832 Gbaud per lane
— Scrambled code

 Used for WWDM and 4 x parallel PMDs

— Must work with scrambled code at 2.48832 Gbaud (SUPI) and
block code at 3.125 Gbaud (XUAI)

— Can use a recovered clock to reset jitter
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SUPI (cont.)

e 16-bit word striped data transmitted on each lane

e Each lane has 1/4 of the (SONET) Al/ A2 framin g bytes
for lane deskew and s ynchronization

— Word synchronization from A1/A2 transition
— For fixed lane assignment, allows for large skew

16-bit words

Transmitted
message

transmitted
to lanes

word 1

SUPI

word 2

word 3

16-bit word 1
16-bit word 2
16-bit word 3
16-bit word 4

word 4

vVvyyVyYy

16-bit words
received
from lanes

Received
message

word 1

word 2

word 3

word 4

16-bit word 1
16-bit word 2
16-bit word 3
16-bit word 4
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X"+x%+1 Scrambler

Upper Layers

MAC Control (Optional) 648/668 Codin g
Media Access Control (MAC) (Packet Delineation )
Reconciliation
XGMII |
| . S | SONET Framing &
Sl /|| x"+x5+1 Scrambler
XAUL | ¢, | (WAN Compatibilit y)
Physical Coding Sublayer (PCS) SU oy
WAN Interface Sublayer (WIS) (4 y 2 48832 Gbaud)
16-bit parallel or
ss (OIF) 16-bit parallel
suet -y
ss_ | SerDes
PhySIcal Medlum AttaChment (PMA) ............................... & CDR
Physical Medi“ml Dlepe”de”t PMD) | e E/O
MEDIUM
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X'+x%+1 Scrambler (cont.)

* Provides hi gh randomization

— Assures adequate number of transitions for line rate clock recovery at
the receiver

Scrambler/Descrambler

(Functional Diagram) XOR Input data
L 7-bit shift register Q<

D QP QP Qb QP QP Qb Q™ Tt

i P XOR
C3IrE frc slpic slpic slpic sl i T

v

Output data
Resetto 1111111

Clock
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State Is Periodicall y Resynchronized

Reset x’+x%+1 scrambler state ever y 155520 octets

time
v v
i
First row of 368 .
Section OH g
1555208

WIS (SONET) frame
:I Scrambled

:I Not scrambled
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Bit Order of Scramblin g/Descramblin g

* Most si gnificant bit (MSB) first

Octets

/76543210

LI SEEEET ]
v

X' +x6+1

Scrambler/Descrambler
l

I7|6|543210 }1

Octets

(Functional dia gram)
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SONET Framin g

Upper Layers

MAC Control (Optional) 648/668 Codin g
Media Access Control (MAC) (Packet Delineation )
Reconciliation
XGMII | .
| . S | SONET Framing &
S S| XT+x8+1 Scrambler
XAUL | ¢, | (WAN Compatibilit y)
Physical Coding Sublayer (PCS) SU oy
WAN Interface Sublayer (WIS) (4 y 2 48832 Gbaud)
16-bit parallel or
ss (OIF) 16-bit parallel
suet -y
ss_ | SerDes
PhySIcal Medlum AttaChment (PMA) ............................... & CDR
Physical Medi“”i Dlepe”de”t PMD) | e E/O
MEDIUM
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WIS Frame

e SONET frame with minimum overhead support

— Overheads are out of band management used to control SONET
networks

— While the WIS frame is compatible with SONET, it does not provide full
SONET management

* Seguence of 155520 octets (125 ps)

WIS frame
155520B (125 us)
— A — — )
576B me >
i
First row of
Section OH

:I Scrambled :I Not scrambled
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WIS Frame: Viewed as 9 x17280 Octets

WIS Frame = STS-192c¢ Frame

« 17280 octets >
<4—576 octets —p
T Section
W
R T 605@06‘6 ........ |
5 << e«\e (STS-192c) Envelope Capacity
> oY
l Line

STS-192c = Synchronous Transport Signal — level 192, ¢ = concatenated.

Transmission order: top to bottom, row-by-row, left to right.
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Payload Capacity (9.58464 Gb/s)

WIS Frame = STS-192c¢ Frame
17280 octets >

<
<4—576 octets —p

T Section (STS-192c) Envelope Capacity
.................. %@oﬁ
% ((&(\ \(\66'6
> o (STS-192c) SPE
l Line IDLE | packet | IDLE |***

44— 9 rows ——>p

Fixed Payload Capacity
/V Stuff
Path Overhead
column

IDLE packet - DEE

14 63 > <« 16640 >
PCS data stream

< 16704 octets >

STS-192c¢ = Synchronous Transport Si gnal — level 192, ¢ = concatenated
SPE = Synchronous Payload Envelope
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WIS Overhead La yers

PCS Data Stream PCS Data Stream
(payload) (payload)

v ;
Map

payload and
Path Overhead Path
into SPE
2 |
Map SPE and
Line Overhead Line
into WIS frame
¥ +
Map

Section Overhead

into WIS frame

WIS Frame WIS Frame

Section
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Trans port Overhead

calculated
A ..................
11A1lAL
Section
Overhead 2:
\ 4
4 [HalH1|H2
Line
Overhead
v 54 L

STS-1# 1 2 3
Column# 1 2 3

= Undefined overhead octets
(set to zero)

fixed value
v . STaaaa] e { —Tal =
H1| [H2|H2|H2 H2| |H3|H3|H3 H3
K1 K2
192 1 2 3 s 192 1 2 3 ... 192
192 193 194 195 === 384 385 386 387 «=s 576

= Defined overhead octets (B2, E1-2, F1, D1-12, M1, Z1-2),

unused by 10GE WAN PHY (set to zero)
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Section Overheads

e Al and A2 (“Framin ¢ octets”)
— Fixed value: A1 =11110110, A2 = 00101000
— A1/A2 transition is used for WIS frame synchronization

e JO (“Section Trace”)

— Allows a receiver to verify its continued connection to the intended
transmitter

— Provisioned Value
— when no value is provisioned, JO shall be set to 00000001)

e Z0 (‘Section Growth”)
— Fixed value: 11001100
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Section Overheads (cont.)

* B1 (“Section BIP-8" )

— Used as a Section error
monitoring function

Calcul d lue: Even parity over the bit 7 of
— (alculated value: all the octets of the WIS frame

— BIP-8 code (using even
parlty) over a” the bItS of the AU ISR

. : BIP-8 (Bit-Interleaved Parity-8) with even
last transmitted WIS frame i parity: The i ™ bit of the code provides even

after scrambling parity over the i ™ bit of all the covered octets.

. BIP-8of the bit sequence 11110000 00001111
D is 11111111,
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Line Overheads

 First H1 and H2 (“Pa yload Pointer”)

— 16-bit word containing 10-bit pointer in the range of 0 to 782

— Transmits fixed values: H1 = 01100010 and H2 = 00001010
(i.e., pointer = 522)

— Receiver 10GE WAN PHY shall be able to process arbitrary pointer

values (which may be changed by a transport network)

e Secondto last H1 and H2
— Fixed Values: H1 =10010011 and H2=11111111

First H1 First H2
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

" NDF — " 10-hit STS po'inte'rva'tlue' ' I
———————————————————

NDF (new data fla g) field

10G1E WAN PHY Ov
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H1/H2 Pointer and SPE Position

17280 columns

<

Transport
Overhead

192 octets (not to scale)
<+—>

—H1-|-H2 -

_H3 -

0

1] 2

N—

10-bit pointer
(first H1 and H2)

Transport
Overhead

—Hl-|-H2 -

—_H3 -

<4— 9 rows ——>p |g¢— 9rows ———Pp

e
@©
Q
-
)

22|52

522|523 2.
=
3
o

WIS Frame (125 ps)

782

10GIL WAN PHY Overview, May 2000- 25



Line Overheads (cont.)

* H3 (“Pointer Action B ytes”)
— Allows an LTE to have slightly different clocks at the receiver and

transmitter paths

— Carries 192 extra SPE (payload) octets in the event of a “negative
pointer adjustment,” which may be required when the receiver
clock is faster than the transmitter clock

— Set to zero when not used

WIS frame

— H1 - H2

- H3 —

Transport
Overhead

Envelope Capacity

“\

Negative pointer adjustment
(additional 192 octets for transmission)
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Line Overheads (cont.)

e K1 and K2
— Fixed values: K1 = 00000001, K2 = 00010000

— K1 and K2 are used on the protection line for automatic protection
switching signaling. Above settings indicate a working channel rather
than the protection channel.

e S1
— Fixed value: 00001111

— Indicates quality clock information to receiver. Above setting
Indicates “don’t use for synchronization”
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Path Overhead and “Fixed Stuft”

Path

Overhead

fixed value

—>

calculated

Defined overhead
octets (F2, H4, Z3-5),
unused by

10GE WAN PHY
(set to zero)

>
— >
—

{

—

Fixed Stuff

63 columns

J1

B3

C2

Gl

—»

9 rows

“Fixed Stuff” columns
provide compatibility
with SONET/SDH
byte-interleaving and
concatenation rules
(set to zero)
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Path Overheads

e J1 (“Path Trace”)
— Fixed value: 00000000

. B3 (“Path BIP-8")

— Used as a Path error monitoring function

— Calculated value: BIP-8 code (using even parity) over all the octets of
the last transmitted SPE before (x’+x6+1) scrambling

e C2 (“Path Si gnal Label”)

— Identifies the contents of the STS SPE (i.e., 10GE WAN PHY)
— Fixed value: 00011010 (provisional value assigned to 10 GE)
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Path Overheads (cont.)

e G1 ("Path Status” )

— Conveys the Path terminating Gl
status and performance back to 7 6 5 4 3 2 10
the transmitter (i.e., a PTE) 'REI-P RDI-P | o
— Calculated value:

— REI-P field = number of bit errors REI-P = Path Remote Error Indication
detected with the B3 octet of the RDI-P = Path Remote Defect Indication
last received SPE

— Rr)]DI-P ﬂ'eldd: IZ_)ete;:tedIdefects on REI-P field
the received signal (values are 0000 to 1000 = 0 o 8 errors

TBD) when received, 1xx1 = 0 errors
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WIS Frame Synchronization

 Uses A1/A2 transition (i.e., frame marker) for frame
and octet delineation

* Looks for the A1/A2 framin g pattern consistentl y
— Expects it to appear once every 155520 octets (length of the frame)

— When the framing pattern appears in the right place enough times,
correct frame synchronization is assumed

l A1/A2 transition (frame marker)

not

scrambled |Al...A1 A2...A2

Transport Envelope Capacity
Overhead
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Frame Sync Exam ple: State Dia gram

begi1
SYNC START
[frame by frame] [bit by bit]
| I
Correct A1/A2 transition I correct Did not find
pattern or < m consecutive Als i correct Als
Incorrect transitions
m consecutive incorrect A1/A2 Al_AUGN
transition patterns [octet by octet]
| I
* > Jj correct Als followed Pattern not
PRESYNC by k correct A2s found
[frame by frame]
| I
n correct A1/A2 Incorrect A1/A2 transition pattern

transition patterns
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WIS Frame Sync. Performance

* Example for m =4, A1/A2 transition pattern = 2 A1/A2s

— Probability of frame loss = 1.049 x 10° x BER*
=1.049 x 104’ (@ BER =10%?)

— Average interval to frame loss

— = 3.7 x 1030 years (@ BER = 101?)
(> estimated age of observable universe, i.e., ~ 10 years)

* More robust implementations are possible, e. ., see
— “10GE WAN PHY Delineation Performance”

— http:// grouper.ieee.or g/groups/802/3/10G_stud y/public/
email_attach/delineation_perf.doc
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Reference Dia gram: Transmit WIS Frame

? PCS
|
tx_control tx_data
= !
Flow Path Overhead
Control Fixed stuff
A f Lfor next SPE SPE
.................... N B3 (BIP-8 From
Q : ( ) Receive
E : S TTTTmEETmTmTTTE ~ | process
© _ (for G1)
LL 1 ..................... Llne Overhead
(L) 5
% """ Section Overhead
% Inhibit scrambling
c first row of Section OH | Xx7+x5+1
E ........................................................ Scrambler
|_
B1 (BIP-8)| for next frame
v
(1 16-bit word assembly
1 I
tx_bit_clk tx_bit<15:0>
v v
PMA/PMD

e Functional View

* WIS frame formation (stages)

— (1) Path Overhead and fixed stuff
columns

— (2) Line Overhead
— (3) Section Overhead

— (4) Scramble with x’+x8+1 (first
row of Section Overhead, i.e.,
Al1/A2, JO, and Z0, is not
scrambled)

— (5) 16-bit words are transmitted to
PMA/PMD (for 16-bit Parallel I/F)
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Reference Dia gram: Receive WIS Frame

= PCS
A A
e Functional View rx_data rx_control
WIS frame processin g (stages) Flow Control
(11 H H 7 H ( /\
- (1) Sle?_ahze rﬁcelvelcé bit Section Overhead |
“;Ignal'l (| Isgres OWs 15-Dl To Transmit Line Overhead -
arallel I/F) orocess ) s i
_ _ (for G1) ath Overhead LS
— (2) WIS frame synchronization < —- - Fixed stuff T
and octet delineation L Columns L0
L i 2 . X'+x5+1 =
(3) Descramble with x7+x%+1 (first Descrambler %
row of Section Overhead is not — i o : S
Inhibit descrambling o o)
descrambled) T first row of Section %
— (4) Extract Section Overhead, Overhead {12
Line Overhead’ Path Overhead, = er]s fr_am?
Fixed Stuff columns _ [ledximail
21 transition
— (5) Remaining octets = payload “Serializer”
) )
L 11
rx_b|t<|l5:0> rx bit clk
_bit_
PMA/PMD
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WIS Reference Dia gram

| Conceptual 4 4
con:[rol dalta Interface data control
|
Flow Path Overhead Y Elow Control
Control Fixed stuff 7N
A LA ; SPE  |SPE : ( . Y
o O [IE Information Section Overhead
3 | . 2
O .................... | B3 (BIP'8) I’eqUIl’ed tO Line Overhead
e e calculate G1 - ) = GE)
© Path Overhead =
LL , ..................... Line Overhead I | - -- Fixed stuff |I
n i Columns N
7 =
% """ Section Overhead D x +X6+b1| =
= — . escrambler )
T Inhibit scrambling N\ inhibit descrambling of .2
% first row of Section OH | x7+x6+1 L st row of Section 8
I scrambler : O
= Overhead ¥od
WIS frame 5
B1 (BIP-8)] for next frame Synchronization |<- | ek for AL/A
21 transition
v M M 1}
1 16-bit word assembly Serializer
‘ I 622.08 L }1
tx_bg_clk tx_blt<vlS:0> Mbaud rX_bit<15:0> rx_bi}_clk
PMA/PMD
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Packet Delineation

Upper Layers

MAC Control (Optional) _
Media Access Control (MAC) 64B/66B Codin g
Reconciliation (packet Delineation )
XGMII | .
| . o | SONET Framing &
XGXS SO
| | FCE x"+x5+1 Scrambler
XAUL , (WAN Compatibilit y)
XGXS ..
Physical Coding Sublayer (PCS) SU oy
WAN Interface Sublayer (WIS) (4 X 9 48830 GbaUd)
16-bit parallel or
ss (OIF) 16-bit parallel
set [T .
ss | . SerDes
PhySICal Medlum AttaChment (PMA) ............................... & CDR
Physical Medium Dependent (PMD) E/O
I I
MEDIUM
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PCS Reference Dia gram

XGMII

—— e ——————
y |

Flow Control*

Flow Control*

- FIFO Queue LL
= Word disassembly siiord ety E
p l T O
s :
= Packet Delineation Packet Delineation n
A (Coding) (Decoding) =
n A
data v data
WIS

* Required depending on rate control mechanism
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64B/66B

e Data Codewords have “01” s ync preamble

0|1 64-bit data field (scrambled )

e Mixed Data/Control frames are identified with a “10”
sync preamble

1(0]| 8-bittype 56-bit data/control field (scrambled )

— Both the 8-bit type and 56-bit data/control fields are scrambled

* Uses x°8+x19+1 self s ynchronous scrambler

Reference: http://grouper.ieee.org/groups/802/3/ae/public/mar00/walker_1 0300.pdf
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Rate Ada ptation

Upper Layers

MAC Control (Optional)

Media Access Control (MAC)

Reconciliation

XGMII

XAUI

XGXS

Physical Coding Sublayer (PCS)

WAN Interface Sublayer (WIS)
|

16-bit parallel

SS

SUPI

SS

Physical Medium Attachment (PMA)

Physical Medium Dependent (PMD)

MEDIUM

Rate Adaptation:
Busy ldle
Open loop
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Rate Ada ptation

e Several rate adaptation proposals

— Open loop
— MAC knows the data rate of the PHY and pauses transmissions at
frame boundaries

— Busy Idle
— PHY sends “Busy ldle” to MAC during IPG
— MAC pauses transmission at frame boundary

e 10GE WAN PHY will work with an y of them
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Summary

WIS (WAN Interface Subla yer)

— X'+ X6 +1 scrambler
— SONET framing, overheads, and frame synchronization

PCS (Packet Delineation Function)
— 64B/66B coding

Optional PMD Interfaces
— 16-Dbit Parallel (OIF) and SUPI (4 x 2.48832 Gbaud) for WWDM

Rate Adaptation
— Several proposals: Open loop, Busy ldle
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