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1)

INFORMATION TECHNOLOGY -
FIBRE CHANNEL -

Part 151: Fibre Channel BaseT (FC-BaseT)
FOREWORD

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC

participate in the development of International Standards. Their preparation is entrusted

to technical

committees; any ISO and IEC member body interested in the subject dealt with may participate in this

ISO and IEC

2)

3)

4)

5)

6)

7)

8)

9)

10)

preparatory work International gn\/prnmpnfs\l and nnn-gn\/prnmpntal nrg:mi7nfinn< Iis\iqing with
also participate in this preparation.

In the field of information technology, ISO and IEC have established a joint technical committee,

ISO/IEC JTC

1. Draft International Standards adopted by the joint technical committee are circulatéd to natiopal bodies for

voting. Publication as an International Standard requires approval by at least 75'% of the na
casting a vote.

The formal decisions or agreements of IEC and ISO on technical matters.express, as nearly ag

tional bodies

possible, an

international consensus of opinion on the relevant subjects since each technical comnmittee has

representation from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for international use and
by IEC and ISO member bodies in that sense. While all feasonable efforts are made to en
technical content of IEC, ISO and ISO/IEC publications is.accurate, IEC or ISO cannot be held rg
the way in which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEGyand ISO member bodies undertake to apply |
ISO/IEC publications transparently to the maximum extent possible in their national and regional
Any divergence between any ISO/IECpublication and the corresponding national or regionad
should be clearly indicated in the latter.

ISO and IEC provide no marking procedure to indicate their approval and cannot be rendered re
any equipment declared to be in €onhformity with an ISO/IEC publication.

All users should ensure that.they have the latest edition of this publication.

No liability shall attach-to IEC or ISO or its directors, employees, servants or agents includ
experts and members of their technical committees and IEC or ISO member bodies for any pg
property damage or other damage of any nature whatsoever, whether direct or indirect, or for co
legal fees) and-expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC
any other-IEC, ISO or ISO/IEC publications.

Attentien is drawn to the normative references cited in this publication. Use of the referenced p
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this International Standard

are accepted
sure that the
sponsible for

EC, ISO and
publications.
| publication

sponsible for

ng individual

rsonal injury,

5ts (including
bublication or

ublications is

may be the
patent rights.

subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such

International Standard ISO/IEC 14165-151 was prepared by subcommittee 25: Interconnection of
information technology equipment, of ISO/IEC joint technical committee 1: Information technology.

The list of all currently available parts of the ISO/IEC 14165 series, under the general title Information
technology — Fibre Channel, can be found on the IEC web site.

This International Standard has been approved by vote of the member bodies and the voting results may
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be obtained from the address given on the second title page.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that
it contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of ISO/IEC 14165 describes extensions to the Fibre Channel signaling and physical layer
requirements defined in ANSI INCITS 404-2005, Fibre Channel - Physical Interfaces 2, to transport Fibre
Channel over the commonly available 4-pair balanced copper cablings specified in ISO/IEC 11801:2002
and TIA/EIA-568-B.2-2001. This document is one of the Fibre Channel family of standards.
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INFORMATION TECHNOLOGY —
FIBRE CHANNEL —

Part 151: Fibre Channel BaseT (FC-BaseT)

This part of ISO/IEC 14165 describes extensions to the Fibre Channel signaling and physical layer
requirements defined in ISO/IEC 14165-142, Fibre Channel - Physical Interfaces 2, to transport Fibre
Channel over the commonly available 4-pair balanced copper cablings specified in ISO/IEC 11801:2002

and TIA/EI

2 Norma[ive references

The followin
requirement
the latest eq

IEC 60603-]
free arn

IEC 60603-
free arn

IEC 60603-]
free arn

IEC 60603-
free arn

ISO/IEC 141
INCITS 332
ISO/IEC 118
ISO/IEC 118
ISO/IEC 118
ISO/IEC TR
channels in
ANSI INCIT

(FC-P.
ANSI INCIT

g documents are referred to in the text in such a way that some or all of their contentconstitutes
s of this document. For dated references, only the edition cited applies. For undated'réferences,
ition of the referenced document (including any amendments) applies.

(-2, Connectors for electronic equipment — Part 7-2: Detail specification for“8-way, unshielded,
d fixed connectors, for data transmissions with frequencies up to 100(MHz

V-3, Connectors for electronic equipment — Part 7-3: Detail specification for 8-way, shielded,
d fixed connectors, for data transmission with frequencies up 10,100 MHz

(-4, Connectors for electronic equipment — Part 7-4: Detail Specification for 8-way, unshielded,
d fixed connectors, for data transmissions with frequenecies’up to 250 MHz

V-5, Connectors for electronic equipment — Part 7-5;"\Detail specification for 8-way, shielded,
d fixed connectors, for data transmissions with frequencies up to 250 MHz

65-122, Information technology - Fibre Channel-"Part 122: Arbitrated Loop - 2 (FC-AL-2) [ANSI
L1999 including ANSI INCITS 332-1999/AM1<2003 and ANSI INCITS 332-1999/AM2-2006]
01:2002, Information technology - Generic cabling for customer premises
01:2002/AMD1:2008

01:2002/AMD2:2010

24750, Information technology - Assessment and mitigation of installed balanced cabling
order to support T0GBASE-T
[S 404-2006, Information technology - Fibre Channel - Part 142: Physical Interfaces - 2
-2)
S 424-2007 Information technology - Fibre Channel - Framing and Signaling - 2 (FC-FS-2)

IEEE Std

exchampge between systems - Local and metropolitan area networks - Specific requirements - Part 3:
Carrief sense multiple access with collision detection (CSMA/CD) access method and physical layer

}

2.3-2005, Standard for information technology - Telecommunications and information

specifications

IEEE Std 802.3an-2006, Physical Layer and Management Parameters for 10 Gb/s Operation, Type
10GBASE-T
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3 Terms, definitions, abbreviations, symbols, and conventions
3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

- IEC Electropedia: available at http://www.electropedia.org/

- ISO Online browsing platform: available at http://www.iso.org/obp

3.1.1

10 Gigabit Media Independent Interface

XGMII

interface defined in IEEE 802.3-2005 for 10 Gbit/s operations but used in this standard for lo
operations (see 4.4)

3.1.2

Auto-Negotiation

algorithm that allows two devices at either end of a link segment to negotiate common d
functions

3.1.3
balanced cable
cable consisting of one or more metallic symmetrical cablé_elements (e.g., twisted pairs)

3.1.4

bit error rate

BER

ratio of the number of bits received in error téthe total number of bits received

3.1.5

dimension

component of the PHY that gené€rates locally and recovers from the link partner a logical s
symbols

Note 1 to entry: A transmit.or receive dimension is a logical reference for a wire pair, independ
specific wire pair where symbols are sent or received.

Note 2 to entry: Dimensions A, B, C, and D are respectively associated with sequences A, By,
(see 4.3).

3.1.6
jitter
variations of signal transitions from their ideal positions in time. Jitter may be characterized by

wer speeds

ata service

equence of

ent from the

Cy, and Dy,

its spectral

prnpnrﬁnc and-its distribution in time.

3.1.7
link
transmission path between any two interfaces of generic cabling
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3.1.8

link segment

point-to-point full-duplex medium connection between two and only two Medium Dependent Interfaces
(MDls)

3.1.9

Master PHY

PHY that uses an external clock for generating its clock signals to determine the timing of transmitter and
receiver operations

Note 1 to entry: It also uses the Master transmit scrambler generator polynomial for side-stream

scrambling.

3.1.10

Medium Dependent Interface

MDI
mechanical

3.1.1

Ordered Sdt

word compq

and electrical interface between the transmission medium and the Physical Layer dévice

sed of a special character in its first (left-most) position and data charactérs in its remaining

positions (s¢e FC-FS-2)

3.1.12

Physical Coding Sublayer

PCS
portion of th

e Physical Layer that couples the XGMII and the Physical Medium Attachment (PMA)

Note 1 to entry: The PCS contains the functions to encode data bjts for transmission via the PMA and to

decode the

3.1.13

received conditioned signal from the PMA.

Physical Layer device

PHY
portion of th
the Physica

e Physical Layer between the Medium®ependent Interface (MDI) and the XGMII, consisting of
Coding Sublayer (PCS) and the Rhysical Medium Attachment (PMA)

Note 1 to entry: The PHY contains the functions that transmit, receive, and manage the encoded signals

that are imp

3.1.14

Physical M
PMA sublay
portion of th
skew alignn

3.1.15
Scrambler

ressed on and recovered fronvthe physical medium.

bdium Attachment-sublayer

her

e Physical Layer that contains the functions for transmission, reception, clock recovery and
ent

randomizing

mechanism that is used to eliminate lona strinas of consecutive identical transmitted svmbaols
J ~J J

and avoid the presence of spectral lines in the signal spectrum without changing the signaling rate

3.1.16

Side-stream scrambler
scrambler in which the state of the scrambler is dependent only on the prior state of the scrambler and not

on the trans

mitted data
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3.1.17

Slave PHY

PHY that recovers its clock from the received signal and uses it to determine the timing of transmitter
operations

Note 1 to entry: It also uses the Slave transmit scrambler generator polynomial for side-stream scrambling.

3.1.18
Symbol
smallest unit of data transmission on the medium

3.1.19
Symbolperiod

time interval for transmission of one symbol

3.1.20

Symbol rate
total number of symbols per second transferred to or from the Medium Dependent Interface| (MDI) on a
single wire pair

3.1.21
twisted-pair cable
bundle of multiple twisted pairs within a single protective sheath

3.1.22
word
<when used to indicate a size> 32 contiguous bits
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3.2 Editorial conventions

In this standard, a number of conditions, mechanisms, sequences, parameters, events, states, or similar
terms are printed with the first letter of each word in uppercase and the rest lowercase (e.g., Exchange,
Class). Any lowercase uses of these words have the normal technical English meanings.

Lists sequenced by letters (e.g., a-red, b-blue, c-green) show no ordering relationship between the listed
items. Numbered lists (e.g., 1-red, 2-blue, 3-green) show an ordering relationship between the listed items.

The ISO convention of numbering is used (i.e., the thousands and higher multiples are separated by a space
and a comma is used as the decimal point.) A comparison of the American and ISO conventions are shown
in table 1.

Table 1 — ISO and American Conventions

ISO American
0,6 0.6
1000 1,000
1323 462,9 1,323,462.9

In case of @any conflict between figure, table, and text, the text, then tablesy and finally figures take
precedence

In all of the figures, tables, and text of this document, the most significant bit of a binary quantity is shown
on the left s|de.

When the value of a bit or field is not relevant, x or xx appears it/place of a specific value.

Unless statgd otherwise, numbers that are not immediatély followed by lower-case b or h are decimal
values, numbers immediately followed by lower-case b.(xxb) are binary values, and numbers or upper case
letters immgdiately followed by lower-case h (xxh) are hexadecimal values.

A numeric range is indicated by listing the two extremes separated by “..”
from 1 to 6, jincluding 1 and 6).

(e.g., “1 .. 6” indicates the range

3.3 Abbrepiations, acronyms, and-symbols

Abbreviations, acronyms, and symbols applicable to this standard are listed. Definitions of several of these
items are ingluded in 3.1.

@ The XOR opgrator
Il concatenation symbol (e.g., A || B represents the concatenation of A and B)
4D 4-dimensional

BER bit@rror rate

dB Decibel

E-FIFO Flastieity FHHO

EDC Error Detecting Code

EIA Electronic Industries Association
EMC Electromagnetic Compatibility
EMI Electromagnetic Interference
FEXT Far-end crosstalk

FLP Fast Link Pulse

12C Inter-Integrated Circuit bus
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IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
ISO International Organization for Standardization
LAN Local Area Network

MDI Medium Dependent Interface

MDIO Management Data Input/Output Interface
Mil Media Independent Interface

NEXT Near-end crosstalk

NLP Normal Link Pulse

(017 Open Systems Interconnection

PAM Pulse Amplitude Modulation

PAM-2 2-level Pulse Amplitude Modulation
PAM-8 8-level Pulse Amplitude Modulation

PCS Physical Coding Sublayer

PHY Physical Layer device

PMA Physical Medium Attachment

ppm Parts per million

PSD Power Spectral Density

RF Remote Fault

RX Receiver

SNR Signal to Noise Ratio

TIA Telecommunication Industries Association
TX Transmitter

XGMII 10 Gigabit Media Independent Interface

3.4 Keywords

3.4.1 expected: A keyword used to describe:the behavior of the hardware or software in

the design

models assumed by this standard. Other hardware and software design models may also be impplemented.

3.4.2 ignored: A keyword used to describe an unused bit, byte, word, field or code value. T
or value of an ignored bit, byte, word, field or code value shall not be examined by the receiving
may be set to any value by the transmitting device.

3.4.3 invalid: A keyword used to describe an illegal or unsupported bit, byte, word, field or
Receipt of an invalid bit, byte;word, field or code value shall be reported as an error.

3.4.4 mandatory: A keyword indicating an item that is required to be implemented as de
standard.

3.4.5 may:. Akeyword that indicates flexibility of choice with no implied preference (equivaler
may not”):

3.4.6- \may not: A keyword that indicates flexibility of choice with no implied preference (e
“m{ay or may not”).

he contents
device and

code value.

fined in this

t to “may or

uivalent to

3.4.7 obsolete: A keyword indicating that an item was defined in prior Fibre Channel standards but has

been removed from this standard.

3.4.8 optional: A keyword that describes features that are not required to be implemented by this
standard. However, if any optional feature defined by this standard is implemented, then it shall be

implemented as defined in this standard.
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3.4.9 reserved: A keyword referring to bits, bytes, words, fields and code values that are set aside for
future standardization. A reserved bit, byte, word or field shall be set to zero, or in accordance with a future
extension to this standard. Recipients are not required to check reserved bits, bytes, words or fields for
zero values.

3.4.10 restricted: A keyword referring to bits, bytes, words, and fields that are set aside for use in other
Fibre Channel standards. A restricted bit, byte, word, or field shall be treated as a reserved bit, byte, word
or field for the purposes of the requirements defined in this standard.

3.411 shall: A keyword indicating a mandatory requirement. Designers are required to implement all
such mandatory requirements to ensure interoperability with other products that conform to this standard.

3.4.12 shg
to the phras|

puld: A keyword indicating flexibility of choice with a strongly preferred alternative; equivalent
e “it is strongly recommended”.

3.4.13 x of xx: The value of the bit or field is not relevant.

3.5 State Diagram notation

3.5.1 State Diagram conventions

The operati
functions.TH
domain of g

bn of a protocol may be described by subdividing the protocol intd.a-humber of interrelated
e operation of the functions may be described by state diagrams-Each diagram represents the
function and consists of a group of connected, mutually exclusive states. Only one state of a

function is active at any given time (see figure 1).

l Eﬁet};?q;t;ote Key: ()= cor_1dition, forsexample, (if sequence=FAULT)
[ 1= action, for.example, [reset seq_cnt]

STATE NAME * = logical AND

<Message Sent> + = logicdl/OR

<..> (Condition)
[Actions Taken]

l

Tw = Wait Time, implementation dependent
Td =\Delay Timeout
UCT = unconditional transition

Terms to
Exit State

Figure 1.State diagram notation example

Each state that the function is able to assume is represented by a rectangle. These are divided into two
parts by a hprizontal line. In the~upper part the state is identified by a name in capital letters. The lower part
contains the name of any ONSignal that is generated by the function. Actions are described by short
phrases and enclosed in_brackets.

All permissible transitions between the states of a function are represented graphically by arrows between
them. A trarysitiop-that is global in nature (e.g., an exit condition from all states to the IDLE or RESET state)

enclosed in parentheses.

State transitions and sending and receiving of messages occur instantaneously. The actions inside a state
block execute instantaneously. Actions inside state blocks are atomic (i.e., uninterruptible). When a state is
entered and after performing all the actions listed in a state block one time, the state block then continuously
evaluates its exit conditions until one is satisfied, at which point control passes through a transition arrow to
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the next block. While the state awaits fulfilment of one of its exit conditions, the actions in
implicitly repeat.

Valid state actions may include .indication and .request messages. No actions are taken outside
block.

The following convention is used to describe a term-assignment statement that is associ
transition:

a) The character

b) The character “&

side do not

of any state

ated with a

(colon) is a delimiter used to denote that a term assignment statement follows; and

(left arrow) denotes assignment of the value following the arrow to the term pre-

'H n
CCUNTy Uic artuvw.

The state diagrams contain the authoritative statement of the functions they depict. When‘@appar
between descriptive text and state diagrams arise, the state diagrams are to take precedenc
such precedence does not override any explicit description in the text that has fig parallel
diagrams.

The models presented by state diagrams are intended as the primary specifications of the fun
provided. However, it is important to distinguish between a model and a'real implementation.
are optimized for simplicity and clarity of presentation, while any realisticimplementation may p
emphasis on efficiency and suitability to a particular implementationtechnology. It is the functio
of any unit that shall match the standard, not its internal structure( The internal details of the mod
only to the extent that they specify the external behavior cleatltyand precisely.

3.5.2 State Diagram variables

State variables are of two types, variables with no.default value and variables with a default valu
with no default value, once set retain their value'as long as succeeding blocks contain no rg
them. Variables with default value evaluate to the variable default value in each state where
value is not explicitly set.

3.5.3 State Diagram timers

All timers operate in the same fashion. A timer is reset and starts counting upon entering a state
X_timer" is asserted. Time."x" after the timer has been started, "x_timer_done" is asserted &
asserted until the timer isfeset. At all other times, "x_timer_not_done" is asserted. When explid
a state where "start x_timer" is asserted, the timer is reset and restarted even if the entered state
as the exited state. Iniaddition, a timer is reset and stops counting upon entering a state where
is asserted.

3.5.4 Statetransitions

The fallowing terms are valid transition qualifiers:

ent conflicts
p. However,
in the state

ctions to be
The models
ace heavier
nal behavior
b| are useful

. Variables
ferences to
the variable

Where "start
nd remains
itly entering
is the same
"stop timer"

a) Boolean expressions;

b) An event such as the expiration of a timer: timer_done;
c) An event such as the reception of a message: PMA_UNITDATA.indication;

d) An unconditional transition: UCT;
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e) A branch taken when other exit conditions are not satisfied: ELSE.
Any open arrow (an arrow with no source block) represents a global transition. Global transitions are
evaluated continuously whenever any state is evaluating its exit conditions. When a global transition
becomes true, it supersedes all other transitions, including UCT, returning control to the block pointed to by
the open arrow.
3.5.5 Operators

The state diagram operators are shown in table 2.

Table 2 — State Diagram Operators

Character Meaning
* Boolean AND
+ Boolean OR
A Boolean XOR
! Boolean NOT
< Less than
< Less than or equal to

= Equals (a test of equality)

# Not equals

> Greater than or equal te
> Greater than

0) Indicates precedence

= Assignmentoperator

€ Indicatesimembership

¢ Indicates nonmembership
| Catenate

ELSE No other state condition is satisfied
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4 Structure and concepts

4.1 Overview

19

A vast infrastructure of installed twisted-pair copper cabling systems exists today. High volume has driven
down the cost for copper PHYs and cabling systems to a fraction of their original cost. FC-BaseT is intended
to leverage this economy of scale by permitting communication of Fibre Channel data streams at 1 Gbit/s,

2 Gbit/s, or 4 Gbit/s over balanced twisted-pair copper cabling systems.

1000BASE-T (see IEEE 802.3-2005) pioneered the use of coded multi-level baseband signaling to permit
high data rates to be carried over the relatively narrow bandwidth available on balanced twisted-pair copper
cabling. FC-BaseT uses a simplified version of the field proven and well understood line code of

1000BASE-T.

Twisted-pair cabling systems have limited usable bandwidth available for data transmission.
de-multiplexed spatially across four physical wire pairs to reduce the data rate per wire.by 75%
hybrids are employed to permit signals to be transmitted and received on the same wire p
full-duplex point-to-point transmission. Figure 2 illustrates the full duplex, four{wire configurat

FC-BaseT.

HYBRID o o oo oo oo}

HYBRID (oo oo o oo o>

—>

<R

HYBRID o o> > HYBRID

—»

<R

- -
HYBRID Pooooooooooc]\,

MDI

Full Duplex - i

HYBRID

Full Duplex

HYBRID

Full Duplex

|
|
Full Duplex |
|

HYBRID

V2 V5 V22

MDI

Figure 2 — FC-BaseT topology

-C data are
In addition,
bir enabling
on used for

Muflti-level' baseband signaling (i.€, Pulse Amplitude Modulation or PAM) 1S used on each of the wire pairs.
In a multi-level transmission scheme, multiple bits are transmitted each clock interval. Data rate (i.e., bits

per second) is transformed into symbol rate (i.e., symbols per second).

The following are the objectives of FC-BaseT:

a) bit error rate (BER) better than 10712 (e.g., <10°15);
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b) PHY delay lower than 1 ps;
c) Meet or exceed FCC Class A/CISPR EMC requirements;
d) Support IEEE 802.3-2005 Auto-Negotiation;

e) Support data rates, cable types and lengths as per table 3.

Table 3 — FC-BaseT design goals for data rates and cable reaches
for the cabling channels specified by ISO/IEC 11801:2002/AMD2:2010

FC Data Rate Class D Reach? Class E Reach? Class Ep to Fp Reach?®
1GF(-BaseT 100 m 100 m 100 m
2GF(-BaseT 60 m 70m 100 m
4GF(Q-BaseT 30 mP 40m 100 m

@ gjmilar channels up to Class Ea are specified in TIA/EIA standards as Category 5e, Categ6ry 6 and
Category 6a (see Annex D).

b Expected performance, not guaranteed. 4GFC-BaseT exceeds the rated frequency.performance of
Class D channels (see ISO/IEC TR 24750).

4.2 Relatipnship with other standards

Figure 3 shows the model of the FC-BaseT FC-0 level, and its relationship with the ISO Reference model
and the IEEE 802.3 LAN Model.

oSl
Reference ; :
Model FIBRE CHANNEL ULP
Layers ;
K FC-2 (FC-FS-2) (Ethernet MAC)
A\PPLICATION '

¥ FG-1 (FC-FS-2)

PRESENTATION Iy (Ethernet
Iy /W } Reconciliation
SESSION /«/ Sublayer)
TRANSPORT | //
Iy
NETWORK («"/ XGMil—>
DATALINK |/
PCS
PHYSICAL PMA PHY
___________________ AUTONEG

<— MDI
MEDIUM-

PCS = PHYSICAL CODING SUBLAYER
MDI = MEDIUM DEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
PHY = PHYSICAL LAYER DEVICE AUTONEG = AUTONEGOTIATION

XGMII =10 GIGABIT MEDIA INDEPENDENT INTERFACE (optional)

MAC = MEDIA ACCESS CONTROL

Figure 3 — FC-BaseT relationship to the OSI Reference Model,
the Fibre Channel Levels, and the IEEE 802.3 LAN Model
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An optional XGMII interface is used in this specification because it allows an easy representation of Fibre
Channel data characters and control codes. Implementations are not required to expose nor use this

interface. The XGMII interface is used in this standard as specified in 4.4.
4.3 FC-BaseT PHY logical model

The logical model of a possible FC-BaseT PHY implementation is shown in figure 4.

10b
decoder

g \
! '
! '
Y4 -
P '
d

&

nwOT
>=Z T

X

PAM-8
encoder/decoder

Elasticity
FIFOs

' ' '

36 56

\ ' \

|
|
|
RX :
|
|
|

10b
encoder

nwOT
>Z T

XGMII
(optional)

XGMII
(optional)

4 point

Figure 4 — An FC-BaseT PHY logical model

Fibre Channel is a full duplex continuously transmitting technology (i.e., when no data are to b
and other Ordered Sets are transmitted by the upper layers). An FC-BaseT PHY transmits on
continuous stream of data coming from the upper layers and receives a continuous stream of d
cable. A Fibre Channel data stream is composed of frames and Ordered Sets. In some cases
the particular Fibre Channel logical topology is an Arbitrated Loop, see FC-AL-2) Ordered S¢
continuously in an.information stream.

An FC-BaseTo'PHY may use the same electrical interface specified for the 6 points (see FC-
various Fibte\Channel speeds. In this case, on entering the FC-BaseT PHY the 10b encodin
serial stfeam is removed and the FC data are converted in an internal stream of 36-bit XGM
showsin figure 4.

The Elasticity FIFOs resolve potential clock skews between two connected PHYs and retir

able

b sent, Idles
the cable a
hta from the
(e.g., when
ts are used

P|-2) for the
g of the FC

Il words, as

he the data

stream to be compliant with the FC-PI-2 jitter specification.

The PAM-8 encoder/decoder converts each 36-bit word on the XGMII interface in three 4-dimensional (4D)
PAM-8 symbols. Each 4D symbol is a 4-tuple (A, Bp, Cy,, Dp) of 1-dimensional signals, each taken from the
set {-7, -5, -3, -1, +1, +3, +5, +7}. Each 4D symbol is sent as an 8-level pulse amplitude modulated signal

on each of the four wire pairs, called Bl_DA, Bl_DB, BlI_DC, and Bl_DD.
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This standard defines the FC-BaseT v point (see FC-PI-2) at the MDI, and does not specify requirements
for the host to PHY interface. Implementation of & points is optional (e.g., a PHY may implement a different
host to PHY interface, or the PHY may be integrated in a protocol ASIC). When an FC-BaseT PHY is
integrated in a protocol ASIC, it may be coupled directly with the FC-1 level. System operation from the
perspective of signals at the MDI and management objects shall be independent from the host to PHY

interface.

4.4 FC-BaseT usage of XGMII

The XGMII interface is defined in IEEE 802.3-2005 to support 10 Gbit/s operations, but is used in this
standard to support the Fibre Channel speeds of 4 Gbit/s, 2 Gbit/s, and 1 Gbit/s with the clock frequencies

shown in table 4.

22
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XGMll is a ]
bits (called
the transmit

Table 4 — XGMII frequencies for FC-BaseT

FC Speed XGMII Frequency
4GFC-BaseT 53,125 MHz
2GFC-BaseT 26,562 5 MHz
1GFC-BaseT 13,281 25 MHz

Table 5 — XGMII characters

6-bit interface carrying four characters at a time. Each character isirepresented as eight data
XD in the transmit direction, RXD in the receive direction) and-one control bit (called TXC in
direction, RXC in the receive direction). The XGMII characters-are summarized in table 5.

XGM|l TXC/RXC | XGMII TXD/RXD | 10b Character Description
Ob 00h .. FFh Dxx.y Data characters
1b 07h -2 XGMII Idle character (/1/)
1b 1Ch K28:0 Reserved XGMII character
1b 3Ch K28.1 Reserved XGMII character
1b 5Ch K28.2 Primitive XGMII character (/P/)
1b 7Ch K28.3 Reserved XGMII character
1b 9Ch K28.4 Sequence XGMII character (/Q/)
1b BCh K28.5 Reserved XGMII character
1b BCh K28.6 Reserved XGMII character
1b F7h K23.7 Reserved XGMII character
1b FBh K27.7 Start XGMII character (/S/)
1b FCh K28.7 Reserved XGMII character
1b FDh K29.7 Terminate XGMII character (/T/)
16 FEh K30.7 Error XGMII character (/E/)
1b all others K30.7 Invalid XGMII character (/E/)
@ The XGMII Idle character, denoted as K07, does not have a 10b representation.
|IEEE 802.3-2005, clause 36.2.4.12, defines how to encode the KO7 character for transmission in a
10b encoded serial stream.
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4.5 Operation of FC-BaseT

4.5.1 Overview

FC-BaseT employs full duplex baseband transmission over four pairs of balanced cabling. The aggregate
data rate is achieved by transmitting in each direction simultaneously on each wire pair, as shown in figure
2. Baseband 8-level PAM signaling is used on each of the wire pairs. Transmitted levels on each wire pair
are selected from a 4-dimensional 8-level signal constellation. Each 4-dimensional symbol is a 4-tuple (A,

Bnh, Cph, Dp) of 1-dimensional signals, each taken from the set {-7, -5, -3, -1, +1, +3, +5, +7}. This

modulation

scheme is called 4D PAM-8. The FC-BaseT data rate, symbol rate and symbol period per each of the

supported FC-BaseT speeds is shown in table 6.

Table 6 — FC-BaseT symbol and data rates

FC-BaseT FC-BaseT Symbol
FC Speed FCO0 Data Rate Data Rate Rate per Wire Symbol Pgriod
4GFC-BaseT 4,25 Gbit/s 3,4 Gbit/s 318,75 Ms/s ~3,137 ns?
2GFC-BaseT 2,125 Gbit/s 1,7 Gbit/s 159,375 Ms/s ~6,274 nsP
1GFC-BaseT 1,062 5 Gbit/s 0,85 Gbit/s 79,687 5,Ms/s ~12,549 ps®

@ The exact symbol period is 160/51 ns.
b The exact symbol period is 320/51 ns.

¢ The exact symbol period is 640/51 ns.

Data and control characters are encoded at a rate of 2,75’information bits per PAM-8 symbq
blocks consisting of three 4D PAM-8 symbols are continuously transmitted after link startup.

An FC-BaseT PHY may operate either as a Master PHY or as a Slave PHY. The Master-Slave
between two stations sharing a link segmeptis established during Auto-Negotiation (see 8.4).
PHY uses a local clock to determine the timing of transmitter operations. The Slave PHY recovs
from the received signal and uses it.to>determine the timing of transmitter operations (i.e., it pe
timing).

Medium Attachment (PMA):sublayer, summarized respectively in 4.5.2 and 4.5.3. Figure §
functional block diagram of'the PCS and PMA sublayers.

All FC-BaseT PHY implementations shall be compatible at the MDI (see figure 4). Designerg
implement circditry within the PCS and PMA in an application-dependent manner provided t
specification.is'met. Physical implementation of the XGMII is optional. System operatic

|. Data and

control characters are embedded in a framing scheme-that runs continuously after startup of the link. PHY

relationship
The Master
rs the clock
rforms loop

An FC-BaseT PHY may be funetionally decomposed in a Physical Coding Sublayer (PCS) andl a Physical

shows the

are free to
hat the MDI
n from the
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perspective of signals at the MDI and management objects are identical whether the XGMII is implemented
or not.
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Figure’5 — PCS and PMA functional block diagram
4.5.2 PCS|overview
The FC-BageT Physical Coding Sublayer (PCS) couples the XGMII to the FC-BaseT Physical Medium
Attachment (PMA) sublayer. The PCS supports a normal mode of operation and a training mode.

Furthermore, the PCS contains a management interface.

In the transmit direction, in normal mode (see 5.3), the PCS transcodes each 36-bit XGMII word in a 33-bit
block. Each 33-bit block is divided into three 11-bit transmission characters that are individually scrambled.
Each 11-bit scrambled transmission character is then either Schlafli lattice or Trellis encoded in 12 bits (see
5.3.5 and 5.3.6). The defined Schl&fli lattice coding defined in 5.3.5 is a proper subset of the Trellis coding
defined in 5.3.6. The encoding to be used by the local PHY is dictated by the link partner PHY during
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Auto-Negotiation. The 12 bits obtained after encoding are in turn divided in four groups of three bits, each
identifying a symbol in the PAM-8 symbol set{-7, -5, -3, -1, +1, +3, +5, +7}. The obtained 4D PAM-8 symbols

are passed on to the PMA as a PMA_UNITDATA.request primitive.

In the receive direction, in normal mode (see 5.4), the PCS processes code-groups received from the

remote PHY via the PMA and maps them to the XGMII service interface in the receive path. In
processing scheme, symbol clock synchronization is done by the PMA receive function.

4.5.3 PMA overview

The PMA sublayer couples messages from the PMA service interface onto the balanced cabl

this receive

ing physical

medium _and provides the link management and PHY Control functions. The PMA provides full duplex

communications over four pairs of balanced cabling.

The PMA Transmit function (see 6.2.2) comprises four independent transmitters to generate PA
on each of the four pairs Bl_DA, Bl_DB, BlI_DC, and Bl_DD.

The PMA Receive function (see 6.2.3) comprises four independent receivers forPAM-8 signal
the four pairs BI_DA, BI_DB, Bl_DC and BI_DD. The receivers are responsiblefor acquiring sy
and, when operating in normal mode, for cancelling echo, near-end crosstalk, far-end crg

M-8 signals

5 on each of
mbol timing
sstalk, and

equalizing the signal. The 4D PAM-8 symbols are provided to the PCS receive funcfion via the

PMA_UNITDATA.indication primitive. The PMA also contains functionsfor Link Monitor.
The PHY Control function (see 6.2.4) generates signals that centrol the PCS and PMA sublayer
PHY Control begins following the completion of Auto-Negotiation and provides the start-y
required for successful FC-BaseT operation. It determines whether the PHY operates in ng
enabling data transmission over the link segment, orwhether the PHY sends special PAM-2 ¢
that are used in training mode.
4.6 FC-BaseT service primitives and interfaces
4.6.1 Overview
FC-BaseT transfers data and control information across the following four service interfaces:
a) XGMII Service Interface(see 4.4);
b) PMA Service Interface (see 4.6.2);
¢) Medium Dependent Interface (see 6.4); and
d) Management Function Interface (see 4.6.3).

4.6.2 PMA service interface

4.6:21 Overview

operations.
p functions
rmal mode,
ode-groups

FC-Basel uses the following service primitives to exchange symbol vectors, status indications,
signals across the PMA service interface:

a) PMA_TXMODE.indication (tx_mode);

b) PMA_CONFIG.indication (config);

and control
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c) PMA_UNITDATA.request (tx_symb_vector);

d) PMA_UNITDATA.indication (rx_symb_vector);

e) PMA_SCRSTATUS.request (scr_status);

f) PMA_PCSSTATUS.request (pcs_status);

g) PMA_RXSTATUS.indication (loc_rcvr_status); and

h) PMA_REMRXSTATUS.request (rem_rcvr_status).

These servige primitives are summarized in figure 6.
x|z 4 |3 |4
_____ XeMIl 5 |8 % 5|8 [°
INTERFACE & 18 |2 Ala e
2 & |7 o |z |~
\ v 5
o ) g Y )
< £ > = ) = 3 2
= =
'z Ic:: I% '; > i |:‘§> >
O o = < c s Q 3
_ PMASERVICE ____ a <] & = 3 9 = S
INTERFACE P 5 3 c > g o 7
c c = » > & 5 =
% » c 5 5 3 =3 2 )
8 |3 s g N g & .
£ |8 3 3 g 8 g 8 ;
8 |2 £ |5 N s |5 :
2 2 S 5 @ S s S o =
-~ -~ & =1 :CD g
@ =
4 'm 3
yms
M «Q
PMA =
[N} U
TN
A ]
08
PMA_LINK.request N3
S
PMA_LINK.indication 1~ =
EDIUM 2z
_____ DEPENDENT =1
INTERFACE Ty W Tw O o 3
1
(MDI) s oo oo oo 1 o
ol w) [oXe] o @ > > '
Cy VLY vy T :
Figure 6 — PCS and PMA service interfaces
4.6.2.2 PMA <FXMODE.indication

Semantics of the primitive: PMA_TXMODE.indication (tx_mode)

This primitive specifies to PCS Transmit via the parameter tx_mode what sequence of code-groups the PCS
should be transmitting.

The parameter tx_mode may assume one of the following values:


https://iecnorm.com/api/?name=5fc97c2a9f6417c918f57a79c6c46e86

14165-151 © ISO/IEC 2017 27

a) SEND_Z: This value is continuously asserted when the transmitters are required to be silent;

b) SEND_T1: This value is continuously asserted when transmission of sequences of
PAM-2 symbols representing the training mode is to take place;

c) SEND_T2: This value is continuously asserted when transmission of sequences of
PAM-2 symbols representing the trained mode is to take place;

4D Type-1

4D Type-2

d) SEND_I2: This value is continuously asserted when transmission of sequences of 4D PAM-8 sym-

bols representing the scrambled Idle2 Ordered Set is to take place;

e) SEND 13: This value is continuously asserted when transmission of sequences of 4D PAM-8 sym-

bols representing the scrambled Idle3 Ordered Set is to take place; or

change in tx_mode.
Effect of receipt: Upon receipt of this primitive, the PCS performs its/ fransmit function (see 5

4.6.2.3 PMA_CONFIG.indication
Semantics of the primitive: PMA_CONFIG.indication (config)

operates as a Master PHY or as a Slave PHY. The Master-Slave configuration is determ
Auto-Negotiation.
The parameter config may assume one of thg, following values:
a) MASTER: This value is continuously asserted when the PHY operates as a Master PHY
b) SLAVE: This value is continuously asserted when the PHY operates as a Slave PHY.
When generated: The PMAgenerates PMA_CONFIG.indication messages to indicate a chan

Effect of receipt: PCS-and PMA Clock Recovery perform their functions in Master or Slave ¢
according to the value assumed by the parameter config.

4.6.2.4 PMA .UNITDATA.request
Semantics of the primitive: PMA_UNITDATA.request (tx_symb_vector)

Thisprimitive defines the transfer of code-groups in the form of the tx_symb_vector parameter fr
tothe’PMA. The code-groups are obtained in the PCS Transmit function using the encoding r

f) SEND_N: This value is continuously asserted when transmission of 4D PAM-8 symbols representing
scrambled XGMII words or scrambled Idle3 Ordered Sets in normal mode is to'take place.

When generated: The PHY Control function generates PMA_TXMODE.indication messages {o indicate a

3).

This primitive specifies to the PCS and PMA Transmit fGnctions via the parameter config whether the PHY

ned during

or

je in config.

pnfiguration

pm the PCS
iles defined

N5 3 to rnprncnnf XGMIU data and control streams or other seguences The PMA_UNITD

TA.request

simultaneously conveys to the PMA via the parameter tx_symb_vector the value of the symbol
over each of the four transmit pairs BI_DA, Bl_DB, BI_DC, and BI_DD.

The tx_symb_vector parameter takes on the form:

s to be sent
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a) SYMB_4D: A vector of four multi-level symbols, one for each of the four transmit pairs Bl_DA,
Bl_DB, BI_DC, and BI_DD. Each symbol may assume one of the values in the set {-7, -5, -3, -1, +1,
+3, 45, +7}.

The symbols that are elements of tx_symb_vector are called, according to the pair on which each is
transmitted, tx_symb_vector[BI_DA], tx_symb_vector[BI_DB], tx_symb_vector[BI_DC], and
tx_symb_vector[Bl_DD].

When generated: The PCS generates PMA_UNITDATA.request (SYMB_4D) synchronously with every
transmit clock cycle.

Effect of receipt: Upon receipt of this primitive the PMA transmits on the MDI the signals corresponding to

the indicate
the signals freceived on pairs BI_DA, BI_DB, BI_DC, and BI_DD for cancelling the echo and near-end

Esymbols. The parameter tx_symb_vector is also used by the PMA Receive function to process

crosstalk (NEXT).

4.6.2.5 PMA_UNITDATA.indication
Semantics pf the primitive: PMA_UNITDATA.indication (rx_symb_vector)
This primitiye defines the transfer of code-groups in the form of the rx_symb_vectorparameter from the
PMA to the |PCS. The PMA_UNITDATA.indication simultaneously conveys to the PCS via the parameter
rx_symb_vector the values of the symbols detected on each of the four receive pairs Bl_DA, Bl_DB, BI_DC,
and Bl_DD.
The rx_symp_vector parameter takes on the form:

a) SYMB_4D: A vector of four multi-level symbols that is the\receiver's best estimate of the symbols

that were sent by the remote transmitter across the four, pairs. Each symbol may assume one of the

valueg

The symbol
is received
rx_symb_vsg

in the set {-7, -5, -3, -1, +1, +3, +5, +7}.

5 that are elements of rx_symb_vector are ¢alled, according to the pair upon which each symbol
. rx_symbol_vector[Bl_DA], rx_symbadl vector[Bl_DB], rx_symbol_vector[Bl_DC], and
ctor[BI_DD].

When generrated: The PMA generates PMALUNITDATA.indication (SYMB_4D) messages synchronously

with signals
by the recoy

Effect of re

received at the MDI. The nominal rate of the PMA_UNITDATA.indication primitive is governed
ered clock.

ceipt: The effect of receipt of this primitive is specified in 5.4.1.

4.6.2.6 PM

_SCRSTATUS:request

Semantics pf the primitive: PMA_SCRSTATUS.request (scr_status)

This primiti

is generated by PCS Receive to communicate the status of the descrambler for the local PHY.

The paramgter_scr_status conveys to the PMA Receive and PHY Control functions the information that the
descrambler-has-achieved cynr‘hrnni7n+inn

The scr_status parameter may assume one of the following values:

a) OK: The descrambler has achieved synchronization; or

b) NOT_

OK: The descrambler is not synchronized.
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When generated: PCS Receive generates PMA_SCRSTATUS.request messages to indicate a change in
scr_status.

Effect of receipt: The effect of receipt of this primitive is specified in 6.2.3 and 6.2.4.

4.6.2.7 PMA_PCSSTATUS.request
Semantics of the primitive: PMA_PCSSTATUS.request (pcs_status)
This primitive is generated by PCS Receive to indicate the fully operational state of the PCS for the local

PHY. The parameter pcs_status conveys to the PMA Receive, PHY Control and Link Monitor functions the
information that the PCS is operating reliably in data mode.

The pcs_status parameter may assume one of the following values:
a) OK: The PCS is operating reliably in data mode; or
b) NOT_OK: The PCS is not operating reliably in data mode.

When generated: PCS Receive generates PMA_PCSSTATUS.request messages to indicate fa change in
pcs_status.

Effect of receipt: The effect of receipt of this primitive is specified in.6.2.4.

4.6.2.8 PMA_RXSTATUS.indication

Semantics of the primitive: PMA_RXSTATUS.indication((loc_rcvr_status)
This primitive is generated by PMA Receive to indicate the status of the receive link at the local PHY. The
parameter loc_rcvr_status conveys information onthe status of the receive link to the PCS Transmit, PCS
Receive, PHY Control, and Link Monitor functions: The criterion for setting the parameter loc_rgvr_status is

left to the implementor. It may be based, forexample, on observing the mean-square error at the decision
point of the receiver and detecting errors, during reception of symbol streams.

The loc_rcvr_status parameter may. assume one of the following values:
a) INIT: This value is asserted when operation of the receive link for the local PHY is unreliable;

b) READY: This value.is asserted when the convergence of the local PHY receiver’s adapfjve filter pa-

rameters is completed, but PCS block synchronization is not yet achieved or the link Qit error rate

has not yet pbeen evaluated; or

c) OK: Thiswalue is asserted when operation of the receive link for the local PHY is reliablg.

When generated: PMA Receive generates PMA_RXSTATUS.indication messages to indicate|a change in
loc_rewr_status.

4.6.2.9 PMA_REMRXSTATUS.request
Semantics of the primitive: PMA_REMRXSTATUS.request (rem_rcvr_status)

This primitive is generated by PCS Receive to indicate the status of the receive link at the remote PHY (see
6.2.4). The parameter rem_rcvr_status conveys to the PHY Control function the information on whether
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reliable operation of the remote PHY is detected or not. Beyond the conditions specified in 6.2.4, the

criterion for

setting the parameter rem_rcvr_status is left to the implementor. It may be based, for example,

on asserting rem_rcvr_status as INIT until loc_rcvr_status is OK and then asserting the detected value of

rem_rcvr_st

atus after proper PCS receive decoding is achieved.

The rem_rcvr_status parameter may assume one of the following values:

a)

INIT: This value is asserted when reliable operation of the receive link for the remote PHY is not de-

tected;

b)

READY: This value is asserted when a sequence of code-groups representing a 4D Type-2 PAM-2

sequence is detected at the MDI; or

c) OK:T

When gen
rem_rcvr_s

Effect of re

4.6.3 Man

nis value is asserted when reliable operation of the receive link for the remote PHY is detected.

rated: The PCS generates PMA_REMRXSTATUS.request messages to indicate a change in
tus on the basis of signals received at the MDI.

ceipt: The effect of receipt of this primitive is specified in 6.2.4.

agement function interface

4.6.3.1 Oveérview

FC-BaseT U
the Technol

a) PMA |
b) PMA |

4.6.3.2 PM;]
See |IEEE 8

4.6.3.3 PM;
See |IEEE 8

ses the following service primitives to exchange status indications and control signals across
bgy Dependent Interface as specified in IEEE 802.3-2005, clause 28:

LINK.request (link_control); and
LINK.indication (link_status).

A_LINK.request
D2.3-2005, clause 28.2.6.2.

\_LINK.indication
D2.3-2005, clause 28.2.6.1.
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4.7 FC-BaseT Nomenclature

The nomenclature for the FC-BaseT physical variants is specified in figure 7.

400-TP-BT-S

SPEED
400 — 400 MBytes/s
200 200 MNPt /L

o
Z OO0 ZUUVIDYyItC TS

100 — 100 MBytes/s

MEDIA
TP — Twisted-Pair

TRANSMITTER
BT — BaseT Technology (e.g., PAM-8 signaling)

DISTANCE
S — Short Distance (i.e., 900 m)

Figure 7 — FC-BaseF.nomenclature
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5 Physical Coding Sublayer (PCS)
5.1 Overview

The FC-BaseT Physical Coding Sublayer (PCS) couples the XGMII to the FC-BaseT Physical Medium
Attachment (PMA) sublayer. The PCS supports a normal mode of operation and a training mode.

The PCS comprises one PCS Reset function and two simultaneous and asynchronous operating functions.
The PCS operating functions are PCS Transmit and PCS Receive. All operating functions start immediately
after the successful completion of the PCS Reset function.

The PCS reference diagram, shown in figure 8, illustrates how the two operating functions relate to the
messages of the PCS-PMA interface. Connections from the management interface to other layers afe
pervasive and are not shown in figure 8.

2 = X IR R
______ xemi-— . |® |& |& s |5 |3
INTERFACE A E=II 518 |8
w w [ o = el
(=} = X v o
\% o \
v
PCS PCS
RECEIVE TRANSMIT
y y
812083 |3 5|2 |(®
| = |
L T = N 'n 1> |3
8 |c 2 |5 8 |c|&
s |2 L S |z |°®
- | d (%) & @ =
ElE g2 g
c
|3 |7 >
SE )
g |2 a
7 8 &
= (2]
S =
2 <
|§ )
2 3
3 o
_______ PWA SERVICE ___ = <
INTERFACE S 8
q 5}
] =
v v v

Figure 8 — PCS reference diagram

5.2 PCS reset function

PCS Reset [initializes.all"PCS functions. The PCS Reset function shall be executed whenever one of the
following copditions.eccur:

a) Powef on;,and

b) The receipt of a request for reset from the management entity.

PCS Reset sets pcs_reset=ON while any of the above reset conditions hold true. The reference diagrams
do not explicitly show the PCS Reset function.
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5.3 PCS transmit function

5.3.1

The PCS Transmit function maps XGMII words, composed by data and control characters, from the XGMII
signals TXD<31:0> and TXC<3:0> to the PMA service interface format. The resulting code-groups are

Overview

33

passed to the PMA Transmit function via the parameter tx_symb_vector.

The PCS Transmit bit ordering shall be as shown in figure 9, that shows the mapping from XGMIl to a 33B

block for an XGMII word composed by four data characters.

IXC<3> IXC<2> IXC<1> TXC<0>
1 T 1 T T T T T 11 T T T T T 11 I L
TXD<31:24> TXD<23:16> TXD<15:8> TXD<7:0>
[ [ I T O N T T N AN
36/33 Transcoding
Data/Ctrl bit v
T Dl | | T 1 Dl T T 1 Dl [ — N Dl T
7 9, 1007y AN 7)1 |2! L a0lr 8 o
| | | I
| | | I
T 1 [ — T T 1 T T T 1 T T T 1T_T 1 1
Sg SO S100 S:J 81 110 S 82 120
L1 L1 L1 [ I [ | [ T T A L1
Characters serialization
and scrambling
T T 1 |K T T
O 1 n|+2| L 110
T T 1 T T T 1
v O 11 q+1| L
T |K | T 1
O | o L
11 to 12 bit Schl&fli or Trellis coding
; Dimension
1 1 [ B Bit mapper to : Dimension
> _— . .
O | [ LM 4D PAM-8 : Dimension
. i .
PMA service
interface

Figure 9 — PCS transmit bit ordering
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When operating in normal mode, the PCS Transmit process continuously generates 33-bit (33B) blocks
based upon the TXD <31:0> and TXC <3:0> signals on the XGMII. Each 33B block is divided into three
11-bit transmission characters that are individually scrambled. Each 11-bit scrambled transmission
character is converted in a 4D PAM-8 symbol, transferred to the PMA.

In each symbol period, when communicating with the PMA, PCS Transmit generates a code-group (A, Bp,
Ch, Dp) that is transferred to the PMA via the PMA_UNITDATA.request primitive. The PMA transmits
symbols A, By, Cp,, Dy over dimensions A, B, C, and D respectively. The integer, #, is a time index that is
introduced to establish a temporal relationship between different symbol periods. A symbol period, T, is as
specified in table 6.

If a PMA_TXMODE.indication message has the value SEND Z, PCS Transmit keeps the transmitters

silent.

Ifa PMA_TAMODE.indication message has the value SEND_T1 or SEND_T2, PCS Transmit generates’'the
sequences pf code-groups (TA,,, TB,, TC,, TD,) defined in 5.3.7 and passes them to the PMA via the
PMA_UNITDATA.request primitive. These code-groups are used for training mode and onlytransmit the
values {-5, 15} to keep the transmit power in the training mode roughly the same as the transmit power in
normal mode.

If a PMA_TKMODE.indication message has the value SEND_12 or SEND_13, PES Transmit generates
sequences [of 4D PAM-8 symbols representing respectively the scrambledddle2 Ordered Set or the
scrambled Ifle3 Ordered Set (see 6.2.4), symbols generated as in normal mede*of operation.

In the normal mode of operation, the PMA_TXMODE.indication message ‘has the value SEND_N, and the
PCS Transnit function uses a 36/33 transcoding technique to generate) 33B blocks that represent data or
control. Eagh 33B block is divided into three 11-bit transmissien characters, S0, S1, and S2. SO is
transmitted first, followed by S1 and after by S2. Each 11-bit trafismission character is scrambled and then
either Schl&fli lattice or Trellis encoded, with 12 bits. The 12 bits are in turn divided in four groups of three
bits, each identifying a symbol in the PAM-8 symbol set {-7,-<5, -3, -1, +1, +3, +5, +7}. The four identified
symbols forfn a 4D PAM-8 symbol, transferred to the PMA!

Either 4D PAM-8 Trellis encoding (see 5.3.6) or 4D-PAM-8 Schlafli lattice encoding (see 5.3.5) is employed.
Schlafli lattige is the densest 4-dimensional lattice} using half points (i.e., 2048) of a 4096 points 4D PAM-8
constellation. This encoding ensures that theinimum squared Euclidean distance between points of the
Schlafli lattice is 2 times the minimum squared Euclidean distance between points of the complete 4D
PAM-8 congtellation. For both Trellis and-Schlafli lattice encoding the resulting modulation rate is of 2,75
bits per sympbol.

5.3.2 36/38 transcoding

Fibre Channel uses two types of words, data words and Ordered Sets, summarized in table 7 using a 40-bit
representatipn.

Table 7 — Fibre Channel words

Word Type 10b Representation

Data Word Dxx.yg Dxx.y4 Dxx.y, Dxx.y3
FC Ordered Set K28.5 Dxx.yq Dxx.yo Dxx.y3
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XGMII represents Fibre Channel words as 36-bit XGMII words, as shown in table 8.

Table 8 — XGMII representation of Fibre Channel words

XGMII Representation

TXC<3>|TXD<31:24> | TXC<2> | TXD<23:16> | TXC<1> | TXD<15:8> | TXC<0> | TXD<7:0>
Word Type |RXC<3>|RXD<31:24>|RXC<2>|RXD<23:16>|RXC<1>|RXD<15:8>|RXC<0>|RXD<7:0>

Data Word Ob Do Ob D4 ob D, Ob D3
FC Ordered Set| 1b BCh Ob D4 Ob D, Ob D3

NOTE 1 - This standard follows the Fibre Channel convention for bit numbering, rather than the IEEE
802.3-2005 convention.

The transcoding of a 36-bit XGMII word in a 33B block is performed as shown in table &

Table 9 — 36/33 transcoding

313(3/2/2222/222 221111111111

2/1/0/9/8/7|6/5 432109876 54/ 3210987 6543210
Data Word 0 Do D1 D2 D:
FC Ordered Set [1]Y] 000b | Dy Yy| | Dy | YY] Dj
Transmission 0..10 0..10 0..10
Character bits (Character SO0) (Character S1) (Character $2)
Dimension Dl c | B ] A [D]col B] A |D|[cC]| B[l A

A Data/Ctrl bit (i.e., bit 32 in table 9) specifies if the 33B"block transcodes a data word or a contrpl word (i.e.,
an FC Ordered Set). For data words, byte D3 in table 8 is mapped in bits 7 .. 0 of the 33B block, byte D5 is
mapped in bits 15 .. 8 of the 33B block, byte Dj.is mapped in bits 23 .. 16 of the 33B block, and byte Dy is
mapped in bits 31 .. 24 of the 33B block. For:FC Ordered Sets, byte D3 in table 8 is mapped in|bits 7 .. 0 of
the 33B block, byte D, is mapped in bits 17 .. 11 and in bit 8 of the 33B block, byte D4 is mapped in bits
27 .. 22 and in bits 19 .. 18 of the 33Bblock, and bits 30 .. 28 of the 33B block are set to zero.

Bits 31,21 .. 20, and 10 .. 9 of a 33B block transcoding a control word, denoted with an “Y” in table 9, contain
an error detecting code (EDC)lcomputed as specified in 5.3.3. These bit positions allow to haye the Data/
Ctrl bit and the EDC bits in.dimension D for all transmission characters S0, S1 and S2, and this property
helps the effectiveness of-the error detecting code.

Table 10 shows some 36/33 transcoding examples.

Table 10 — 36/33 transcoding examples

XGMII representation® P Transcoded representationf
SO S$1 52

0/11100111/0/00111100/0]11000011/0/00011000}]01110011100{11110011000 [ 01104011000
10111100|{0{10010101{0{10110101{0|{10110101{|1Y000100101 {YY011011010|YY110110101

@ The data word is D07.7 || D28.1 || D03.6 || D24.0, the Ordered Set is K28.5 || D21.4 || D21.5 || D21.5.
b All numbers are binary.

—_
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5.3.3 Error detecting code

Referring to table 9, the bits of the 11-bit transmission characters S0, S1 and S2 are respectively denoted
0 1 1 2

0
aSSO.S S ..S ,SO

-8,,° S, 10 . 8120 . With this notation the bits specifying the error detecting code are S? , S:) ,

81 , Sz , and Sf. These bits shall be computed as a function of the bits of the 33B block as follows:

0_ a0, a0, a0, a0 0 1 1 1 1 1 2 a2 020 020 a2
S, —S3®S4®SSGBSG@Sm@Sz@S3®S7®89®S10®S4®86®87®Sg®Sg

S,=5,05.®5 ®©S @S ®S_ @S5 ©S,05 ®S. ®S 5 ©S @S- ®S.0S.0S.®S
5, =S,0/S ®S,®5)©S ®S, 5 ®5,05 ®S.0S S ©S.0S.05.05.05. 05
S -S,0s ®S ®S ©S ®S,) 5, ®5.©S,®5. 05 5, ©5.9S.®S. 05,0505
s’-s,els @S @S ©5 ®S,05205.05”

The EDC bits are computed in this way to satisfy the following equation, based’on a parity check matrix
meant to defect as many as possible small errors:

010111100010011000101100004011110 1 0
001100110111001101111000011110011 So 0
001011011010110110110180101101101|®| . [=]0
000001111110011111100010111000111 s’ 0
000001110000011100000001000000111 120 0
SO
SZ

The FC-BadeT error detecting'\code detects the following errors over a single transmission character:
a) All 1-hit errors;

b) All 2-Qit errors:

A) twp™{=bit errors over 2 dimensions; and

B) one 2-bit error over 1 dimension;
c) The most probable 3-bit errors:

A) three 1-bit errors over 3 dimensions; and
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B) one 2-bit error over 1 dimension + one 1-bit error over 1 dimension;
d) The most probable 4-bit errors:
A) four 1-bit errors over 4 dimensions; and

B) one 2-bit error over 1 dimension + two 1-bit errors over 2 dimensions.

The FC-BaseT error detecting code detects the following errors over multiple transmission characters in the

same 33-bit block:

a) All 1-bit errors;

b) All 2-bit errors:
A) two 1-bit errors over two characters;
c) Most 3-bit errors:
A) three 1-bit errors over a single dimension of the three charactersj’and

B) most two 1-bit errors over two dimensions of a character ¥ one 1-bit error on an adjac
ter;

d) Most trapezoid error patterns:

A) two 1-bit errors in the same dimension of two.adjacent characters + two 1-bit error
two other dimensions of the same characters’

5.3.4 PCS scrambling

The FC-BaseT PCS Transmit function employs side-stream scrambling. The scrambler for the
shall produce the same result as the implementation shown in figure 10, that implements th

polynomial Gy(x) = 1 + x'3 + x33 using linear-feedback shift registers.

SCRy[0]  SCRy[1] SCRy[12] SCR[13] SCR[31] SCRy[32]
T M T —s--— T » T H—»--—— T > T
Ne
U™

Figure 10 — Side-stream scrambler for the Master PHY

ent charac-

5 in each of

Master PHY
e scrambler
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The scrambler for the Slave PHY shall produce the same result as the implementation shown in figure 11,
that implements the scrambler polynomial Gp(x) = 1 + x20 + x33 using linear-feedback shift registers.

SC

Rpl0]  SCRy[1] SCRA[19] SCR,[20] SCR[31] SCRy[32]

T T

—>--— T

»
L

T

—> - - —>

T

T

»
L

D

Ne
DN

NOTE
40).

The bits sto
the shift reg

The transmi
executed, a
initialization
initialized to

The bits stoj
Qn[0 .. 10].
of the same
varying delg
among the

FIgUIE r1T—Side-stream scrambler for the Stave PHY

P - These scrambling polynomials are the same used in 1000BASE-T (see 802.3-2005, clause

ed in the shift register delay line at time n are denoted by Scr,[0 .. 32]. At each,symbol period,
ster is advanced by one bit, and one new bit Scr,[0] is generated.

fter side-stream scrambler is reset upon execution of the PCS Reset function. If PCS Reset is
| bits of the 33-bit vector representing the side-stream scrambler state are arbitrarily set. The
of the scrambler state is left to the implementor. In no case the<scrambler state shall be
all zeros.

red in the shift register delay line at time n are used to construct an 11-bit scrambling vector
By construction, the eleven bits of the scrambling vector,Q,[0 .. 10] are derived from elements
maximum-length shift register sequence of lengthy233-1 as Scr,[0], but shifted in time by

ys. The associated delays are all large and different so that there is no apparent correlation
DL[0 .. 10] bits. For both Master and Slave PHY:$'the scrambling vector Q[0 .. 10] is obtained

by the following linear combinations of bits stored in the-transmit scrambler shift register delay line:
Qn[0] = Scry[0]

Qp[1] = Scry[3] @ Scr,[8]

Qp[2] = Scry[6] ® Scr,[16]

Qp[3] = Scry[9] @ Scry[14] @ Scry[19] @ Scr,[24]

Qp[4] = Scr[1] @ Scr,[5]

Qn[5] = Scr[4] ® Scr,{8]+® Scry[9] ® Scry[13]

Qp[6] = Scr[7] @ Scr,[11] ® Scr,[17] ® Scry[21]

Q[7] = Scrif-e-Serqf6l

Qn[8] = Scr[7] ® Scr,[9] @ Scry[12] @ Scry[14]

Qu[9] = Scry

[10] @ Scr,[12] @ Scry[20] ® Scry[22]

Qn[10] = Scry[13] @ Scry[15] @ Scr,[18] @ Scry[20] @ Scr,[23] @ Scr,[25] @ Scr,[28] @ Scr,[30]
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NOTE 3 - The bits of the scrambling vector Qp[0 .. 10] are computed in the same manner as bits
Synl[3:0], Sgn[2:0], and Sxp[3:0] in IEEE 802.3-2005, clause 40.3.1.3.2.

The scrambling vector of time n is used to scramble the 11-bit transmission character to be transmitted at
time n (e.g., if SO has to be transmitted at time n, Q,, is used to scramble S0, Q+1 is used to scramble S1,

and Qp+o is used to scramble S2). The result of the scrambling is an 11-bit scrambled transmission
character K,. Each bit of K, is obtained by performing a ‘XOR’ operation between each bit of the
unscrambled transmission character Sx and the corresponding bit of the scrambling vector at time n (e.g.,

K[0] = sg ® Q[0]; K[1] = sf ® Qu[1]; ... ; K [10] = 3100 ® Q,[10]).

5.3.5 SohiifliLaty "

If selected (see 8.4), each 11-bit scrambled transmission character K, is Schiafli lattice_encoded with 12
bits, using the encoder shown in figure 12.

P ————— = - a
Kal10] ; ; 2
! D ! a N
\ () | ' n
I Py I ap )
; @ : b
\ ! 2
I I !
I N | b‘] ' I. B
I N\ | b ) n
l O 0
| | C2
I | cq ;
e | L of
1 O 0 .
\ ] do /
X = o
ol - o
| | N do L
| | (" 2

Figure 12 — 4D PAM-8 Schlafli Lattice encoder

The 11 bits of eachtscrambled transmission character K, are processed in the order shown |n figure 12,
from bit O to bit #0..K[0] is mapped to bit d, in figure 12, to ensure that bit 0 of transmission gharacter SO
(i.e., the Data/Ctribit) is mapped into the MSB of the PAM-8 symbol transmitted on dimension ID. Bit a,, by,
and ¢, arefespectively generated equal to bits K[10], K [7], and K,[4]. Bit a4, b4, and ¢4 are fespectively
generatedyby XORing bits ap with K[9], bits by with K,[6], and bit co with K,[3]. Bit ag, bg,| and cq are
respectively generated by XORing bits a4 with K,[8], bits b4 with K,[5], and bit ¢4 with K,[2]. Bit d4 is
generated by XORing bit do with K,[1]. Bit dg is generated by XORing bits ag, bg, and cg.
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of three bits x3 X1 Xg (where x may be a, b, c, or d) identifies a symbol in the PAM-8 symbol set

{-7,-5, -3, -1, +1, +3, +5, +7}. The bits to PAM-8 symbol mapping is shown in table 11.

Table 11 — Bit to symbols mapping

As an exan
(+7, +5, -5,

Bits (x2 X1 Xo) Symbol
111b +7
110b +5
101b +3
100b +1
011b 1
010b -3
001b -5
000b -7

ple, the 11 bits 10010100111b are Schl&fli lattice coded to the 4-dimensional-PAM-8 symbol
+1).

5.3.6 Trellis coding

If selected (
the 8-states

Kn[10]

bee 8.4), each 11-bit scrambled transmission character K, is Trellis encoded with 12 bits, using
Trellis encoder shown in figure 13.

Knl0]

e a2
| |
aq
—@ I An
| Py | ap
: () : b
! ! 2
I I
! D ! b1 B
| U | bO n
|
. D
| | 02
| | C1
—>® : Cn
I > S I Co
T A T
| | d2
| | ds
y D) 1 D
. U | d n
. . W 0
i Gray to Natural 1 4
)
T>ES TS T b

Figure 13 — 4D PAM-8 Trellis encoder
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5.3.7 Generation of PMA training sequences

The FC-BaseT PMA training provides for pair swap, polarity, and skew detection and

allows the

convergence of decision feedback equalizers. PMA training is based on sequences of PAM-2 uncorrelated
symbols having identical power spectral density as data signals, within 0,75 dB. The PCS Transmit function

generates PAM-2 PMA training sequences as shown in figure 14.

Figure 14 — Generation of PMA training PAM-2-sequences

PMA training signals are based on the generation, at time n, of the“four bits Sa,,, Sb,, Sc,, S
bits Sap,, Sby, Scy,, Sd, are mapped to a 4D symbol (TA,,, TB,¢TE;, TD,) by selecting the valusg
is zero, or the value +5 if the bit is one, as shown in figure 14.

Two PMA training sequences are defined, denoted Type-1 PAM-2 and Type-2 PAM-2. The fq
Sby,, Sc,,, Sd,, are generated from the scrambling vector Q, (see 5.3.4) for both Type-1 and Ty
training sequences as shown in table 12.

Table 12 €£PMA training sequences

Type-1.RPAM-2 Type-2 PAM-2
Sap, = Qp0] Sap = Qu[0]
Sby=Qp[1] Sb,, = Qu[4]

Sch = Qul2] Scn, = Q2]
Sd,, = Qq[3] Sdp = Qp[3]

For the Type-1 PAM=2 training sequence, two PMA training modes are defined, normal and p
PMA training modgTis selected during Auto-Negotiation.

In periodic mode the scrambler state is reinitialized after every 16 384 symbol periods, to
periodically repeating pattern with period 16 384. The initial (i.e., when n = 0) 33 bit values of th
state-shall be generated by combining the 22 low order bits from the value 39A422h for the 21
therandom value SB10 .. SBO from table 41 generated by the local device for the 11 LSBs. Th

state shall bhe reset to this same 33 hit values whenever nmod 16 384 =0

Sap, 0.5 TAp
: —
1:+45
Generation of Sbp, 0.5 TBn
main 4 i = ————
Modulation n sequence r.mo
symbol and
counter derived Scn 0:-5 Sy
sequences 1:+45
Sd 0.5 1D,
1+%5

H,. The four
-5 if the bit

ur bits Sa,
be-2 PAM-2

eriodic. The

generate a
e scrambler
P MSBs and
e scrambler

The scrambler synchronization obtained by the PMA training function is used in the normal mode of

operation.
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The PCS Receive function accepts received code-groups provided by the PMA Receive function via the
parameter rx_symb_vector. The PCS Receive function uses knowledge of the encoding rules to correctly
align the 33B blocks (see 5.4.4). The received 33B blocks are converted to the signals RXD<31:0> and
RXC<3:0> for transmission to the XGMII.

The PCS Receive bit ordering shall be as shown in figure 15, that shows the mapping from a 33B block to
XGMII for a block containing four data characters.

TXC<3> TXC<2> TXC<1> TXC<0>
T T T T 11 T T T T T T 1 D T T T T T 1
TXD<31:24> TXD<23:16> TXD<15:8> TXD<7:0>
1 T T O T O N T O I T Y O
33/36 Transcoding
Data/Ctfl bit
T T Dl [ T 1 Dl [ T 1 Dl T 1 T 1 DI T 1
7] | |0| L1917 4 |1| L1907 4 |2| L1007 1\Y |3| |10
A A
| I ] I
| ] I |
T T T T T T 1 T T T T T T T T 1 T 3 T T T T T T 1
s, SO 10| Ss S1 oS S2 S5
| L1 T A T I I O N A L T I O N N
A
Characters deserialization
and descrambling
T T |K T T T 1
0 A B
T 1 |K T T T T 1
A r]+1| | L0
T 1 |K T T T T 1
0 n|+2| L1
11 to 12 bit Schl&fli or Trellis decoding
Dimensipn A :
DimensipnB : Bit Mapper to T T T T T T T T T 11
. . e >
Dimensiea-& : 4D-PAM-8 S e ) S S
Dimension D |
PMA service
interface

Figure 15 — PCS receive bit ordering
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During PMA training mode, the PCS Receive function synchronizes to the remote scrambler and signals the

reliable acquisition of the descrambler state by setting the parameter scr_status to OK.

When the PCS Synchronization process has obtained synchronization (see 5.4.5), the PCS Receive
function decodes in a 11-bit scrambled transmission character the 4D PAM-8 symbol transferred to the PCS
by the PMA_UNITDATA.indication primitive via the parameter rx_symb_vector. Each 11-bit scrambled
character is descrambled and three consecutive descrambled characters are assembled in a 33B block.
The 33B block is evaluated and transcoded, as specified in 5.4.4, in a 36-bit XGMII word, to be sent over

the XGMII receive interface.

5.4.2 Decoding

The PCS Receive function accepts received code-groups provided by the PMA Receive fun
parameter rx_symb_vector. If the link partner is using Schl&fli lattice encoding, each regeiveq
symbol is Schl&fli lattice decoded in a 11-bit scrambled character as shown in figure 16.

A4
PN

a i L
2 | 1 Knl1
A LA ! D )
n \ | A\ ]
ap I P4 [
T \J T
_ b2 | |
' | |
B " b1 ! S ‘
n ] | U I
v by I N \
. @ ‘
@ : l
b I !
I . o I D \
n . | > ‘
I ) | X |
[ o \
do | \
T | | ><
Dy | — ; o KnlO
[ do | |
| |

Figure 16 — 4D PAM-8 Schlafli Lattice decoder

If the link partner is_using Trellis encoding, each 4D PAM-8 symbol is decoded in a 11-bi
character with a 8-state Viterbi decoder. The Viterbi decoder is self-synchronizing, therefore
need to specify\an initial state for the Trellis encoder. This standard does not define the 8-
decoder.

NOTE 4 - Information on Viterbi decoding may be found in the book “Error-Correction Coding for|
Communications”, of George C. Clark, Jr. and J. Bibb Cain, 1981. ISBN: 0306406152.

tion via the
4D PAM-8

]

scrambled
there is no
state Viterbi

Digital

After pnrfnrming the rinr-nding each received 11-hit scrambled character KII is descrambled
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5.4.3 PCS descrambling

The FC-BaseT PCS Receive function employs side-stream descrambling. The descrambler for the Master
PHY shall produce the same result as the implementation shown in figure 17, that implements the
descrambler polynomial G’y (x) = 1 + x29 + x33 using linear-feedback shift registers.

SCRA[0] SCRp[1] SCRA[19] SCR,[20] SCRy[31] SCR,[32]
T T —>--—» T M T —>-—— T T
(D
U™

Figure 17 — Side-stream descrambler for the Master PHY

The descrainbler for the Slave PHY shall produce the same result as the implementation shown in figure
18, that implements the descrambler polynomial G’g(x) = 1 + x'3 + x33 using linear-feedback shift registers.

SCRA0]  SCRy[1] SCR,[12] SCR[13] SCR[31] SCRp[32]
T M T —>--— T » T H—»--——» F > T
P
N

Figure 18 — Side-stream descrambler for the Slave PHY

NOTE p - The descrambler for the Master PHY is the same as the scrambler for the Slave PHY and the
descrambler for the Slave PHY is the same as the scrambler for the Master PHY.

The bits stofed in the shift register delay line at timé& n are denoted by Scr,,[0 .. 32]. At each symbol period,
the shift regjster is advanced by one bit, and one new bit Scry[0] is generated. The bits stored in the shift

register delay line at time n are used to coristruct an 11-bit descrambling vector Q’,[0 .. 10] in the same
manner as the scrambling vector defined in'5.3.4.

The descrambling vector of time n is Used to descramble the 11-bit trasmission character K,, received at

time n. The|result of the descrambling is an 11-bit uncrambled transmission character Sx (i.e., SO, S1 or
S2). Each bit of Sx is obtained by performing a ‘XOR’ operation between each bit of the received
transmissign character K,-and the corresponding bit of the descrambling vector at time n (e.g.,

S, = Kn[0] ® Qn[0]; S7=Kn[1] ® Q[1]; ... ; Kn[10] = S = Ky[10] © Q'[10]).
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5.4.4 33/36 transcoding
The PCS Receive function shall evaluate each received 33B block as follows:

a) DATA: if the 33B block is a data block (i.e., if the Data/Ctrl bit is set to zero, see table 9);

b) VALID: if the 33B block is a control block (i.e., if the Data/Ctrl bit is set to one) and the EDC check is

successful; or

c) INVALID: if the 33B block is a control block (i.e., if the Data/Ctrl bit is set to one) and the
is unsuccessful.

EDC check

The EDC shall be checked by computing the EDC bits as specified in 5.3.3 and verifying that
same as the ones received in the 33B control block.

\When operating in normal mode (i.e., when PCS Receive achieved block synchronization, see

hey are the

5.4.5):

a) each DATA or VALID 33B block shall be transcoded to its 36-bit XGMII tepresentation by reversing

the mapping specified in 5.3.2; and

b) each INVALID 33B block shall be transcoded to the current Fill Word (see 7.2) when
Block Masking bit of the management Control register (see 9.3)-is set to one, or to the
word (i.e., K30.7 || K30.7 || K30.7 || K30.7) when the Invalid Block Masking bit of the m
Control register is set to zero.

An implementation may attempt to classify additional 33B.blocks as INVALID using the know
structure of a Fibre Channel stream of traffic. The error.detecting code specified in 5.3.3 is defi
33B control blocks and therefore does not protect froman error on the Data/Ctrl bit. In particular

the Invalid
XGMII error
anagement

edge of the
hed only for
if the Data/

Ctrl bit of a 33B control block is erroneously received as zero, the 33B block is interpreted as & data block

and no EDC check is performed.

To detect these errors an FC-BaseT receiver may use the knowledge of the structure of a Filpre Channel

stream of traffic, and in particular of the-following rules (see FC-FS-2):
a) data words occur only insidé)a Fibre Channel frame;
b) the minimum size of @Fibre Channel frame is seven words;
c) Fibre Channel frames are delimited by the SOFx and EOFx Ordered Sets; and
d) the minimuminter-frame gap at a receiver is of two Fill Words.
These rules‘mean that a stream of Fibre Channel traffic is valid only if:

a)~there are at least seven consecutive data words following a transition from Ordered §
words; and

bets to data

b) there are at least four Ordered Sets following a transition from data words to Ordered Sets.

An FC-BaseT receiver may then detect an error when:

a) there are less than seven consecutive 33B data blocks following a transition from 33B control blocks

to 33B data blocks; and
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b) there are less than four 33B control blocks following a transition from 33B data blocks to 33B control
blocks.

In particular, a 33B data block preceded and followed by 33B control blocks may be evaluated as an

INVALID 33

545 PCS

The PCS R

B block.
synchronization

eceive function shall operate according to the state diagram shown in figure 19 in order to

achieve 33B block synchronization.

PCS Receive begins its operations in the NO PCS SYNC state and unconditionally transitions in the

VERIFY_B
valid_block]
INVALID blg
when valid_|

When PCS
the VERIFY
block and ¢

| OCK_1 state, where each received 33B block is evaluated as specified in 5.4.4. The
| count counter is incremented on receiving a VALID block and set to zero on receiving an
ck. PCS Synchronization is achieved, and PCS Receive transitions in the PCS_SYNC)state,
block_count exceeds the parameter U.

Synchronization is achieved, PCS Receive continues to evaluate each receivédy33B block in
| BLOCK_2 state. The invalid_block_count counter is incremented on receiving an INVALID
ecremented on receiving a VALID block. PCS Synchronization is lost,l/and PCS Receive

transitions ipf the NO_PCS_SYNC state, when invalid_block count exceeds the parameter U.

The purposg of the PCS Synchonization process is the timely detection of persistent error conditions at the

physical lay
and should

br (e.g., a loss of descrambler synchronization). The value of the-parameter U is vendor specific
be chosen in a way that avoids detecting transient errors as¢pérsistent ones. The value chosen

for the paraeter U should be in the range 16 .. 64.

5.5 State

A state diag
are shown i

Diagrams

ram is provided for the PCS Synchronization proeess. The variables used in the state diagram
N table 13.

Table 13 — PCS synchronization state variables

Viariable Description

pcs_status See 4.6.2.7.

Specifies thé status of a received 33B block. Each received 33B block is

evaluated-as specified in 5.4.4.

This_variable may assume the following values:
block_gtatus UNKNOWN: status not yet evaluated;

VALID: the 33B block is valid;

INVALID: the 33B block is invalid; or

DATA: the 33B block is a data block.
valid_bjock!.count Used to count the number of valid 33B blocks
invalid_[bleck_count | Used to count the number of invalid 33B blocks
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The PCS Synchronization state diagram is shown in figure 19.

link_control # ENABLE +
pcs_reset = ON

v
NO_PCS_SYNC

pcs_status &NOT_OK
valid_block_count <0

UCT

A y v
VERIFY_BLOCK_

block status <UNKNOWN
block_status <Jeval block]

block_status = DATA

block_status = INVALID block_status = VALID

v

VERIFY_SYNC

valid_block_count++

valid_block_count <U

valid_block_count > U

v

PC8-8YNC

pcs_status <OK
invalid *block_count <0

ucCT

v A 4
VERIFY_BLOCK_2

block status <UNKNOWN
block_status <Jeval block]

block_status = DATA

block_status = INVALID block_status = VALID

\ 4 v
VERIFY_SYNC_LOSS_ VERIFY_SYNC_LOSS_2

invalid_block_count++ invalid_block count--

—_

invalid_block count <U invalid_block count >0

invalid_block_count > U invalid_block_count <0

Figure 19 — PCS synchronization state diagram
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6 PMA Sublayer and Medium Dependent Interface

6.1 PMA Overview

The PMA sublayer couples messages from the PMA service interface specified in 4.6.2 to the baseband
medium via the Medium Dependent Interface (MDI).

The PMA sublayer comprises one PMA Reset function and five simultaneous and asynchronous operating
functions. The PMA operating functions are PHY Control, PMA Transmit, PMA Receive, Link Monitor, and
Clock Recovery. All operating functions are started immediately after the successful completion of the PMA
Reset function.

The PMA rgference diagram, shown in figure 20, illustrates how the five operating functions relate to the
messages qf the PMA Service interface and the signals of the MDI. Connections from the management
interface to pther layers are pervasive and are not shown in figure 20.
A A A A A
Jile |z 0 = o = 3
)§> Ig‘ 2 )§> |’:r S.. g lg
— e |3 [ @ & 5|3
c|y (< c & o [
N Zl|lc |” zZ =3 < o)
________ PMABERVICE |5 |6 |a 5 5 N
INTERFACE ols|& o )
3|8 |& 3 g
D > @
2 (& g
S =
= |><
x n
2 3
3 °
i P
g S
recovered_clock |
A A A A
7 3
@ (]
cLoc PMA PMA LINK PHY o=
RECOVHRY [Teceived | RECEIVE TRANSMIT | | MONITOR CONTROL m a3
clock mas
mg
YY Y A A ® <
S o
PMA_LINK.request N &
h y (link_control)  ¥°Q
N3
X i PMA_LINK.indication & §
MEDIUM i (link_status) 5 =
__________ DEPENDENT __ o« . \N\" . v VvV VY o 3
INTERFACE el er el O i s %
(MDI) N O ®
o0 O T® > > N8
L L L -
Figure 20 — PMA Reference Diagram
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6.2 PMA Functions

6.2.1 PMA Reset function

The PMA Reset function shall be executed whenever one of the two following conditions occur:

a) Poweron; and

b) The receipt of a request for reset from the management entity.

PMA Reset sets pma_reset=0ON while any of the above reset conditions hold true. The reference diagrams

do not explicitly show the PMA Reset function.

6.2.2 PMA Transmit function

The PMA Transmit function comprises four synchronous transmitters to generate four PAM-
each of the four pairs BI_DA, Bl_DB, Bl DC, and BlI_DD. The PMA Transmit funttion shall

signals on
ontinuously

transmit onto the MDI pulses modulated by the PAM-8 symbols given by tx *symb_vector[Bl_DA],
tx_symb_vector[Bl_DB], tx_symb_vector[BI_DC], and tx_symb_vector[Bl (BB], respectively. The four

transmitters shall be driven by the same transmit clock, TX_TCLK. The signals generated by P
shall comply with the electrical specifications given in 6.3.

When the PMA_CONFIG.indication parameter config is MASTER;the’PMA Transmit function
TX_TCLK from a local clock source. When the PMA_CONFIG/indication parameter config is
PMA Transmit function shall source TX_TCLK from the recovered clock of 6.2.6.

6.2.3 PMA Receive Function

The PMA Receive function comprises four independent receivers for PAM-8 signals on each
pairs BI_DA, BI_DB, BI_DC, and BI_DD. PMA\Receive contains the circuits necessary to
PAM-8 symbol sequences from the signals received at the MDI over receive pairs Bl_DA, BI_|
and Bl_DD and to present these sequenges to the PCS Receive function. The PMA shall t
signals received on pairs BI_DA, BI_DB)BI_DC, and BI_DB over a channel meeting the requ
6.5 into the PMA_UNITDATA.indication parameter rx_symb_vector, with a symbol error rate
with the BER specified by the BER requirement bits of the Management Control Register (see
Schlafli lattice coding is used, this'process involves finding the point in the 4D PAM-8 Schlafli I3
minimum Euclidean distancefrom the signals received on pairs Bl_DA, Bl_DB, BI_DC, and Bl

To achieve the indicated performance, it is highly recommended that PMA Receive include the
signal equalization, echo and crosstalk cancellation, and, when Trellis coding is used, sequence
The sequence of ‘code-groups assigned to tx_symb_vector is needed to perform echo and s
crosstalk cancellation.

The PMA~Receive function uses the scr_status parameter and the state of the equalization, g

A Transmit

shall source
SLAVE, the

of the four
both detect
DB, Bl_DC,
anslate the
irements of
compatible
9.3). When
ttice having
| DB.

functions of

estimation.
pIf near-end

ancellation,

and estimation functions to determine the quality of the receiver performance, and g

erates the

e
loc revr_status variable accordingly. The precise algorithm for generation of loc_rcyr_status is
implémentation dependent.

The PMA Receive function shall use the sequence of symbols received during PMA training to detect and
correct for pair swaps and crossovers. The receiver pairs Bl_DA, Bl _DB, Bl_DC, and Bl_DD may be
connected in any manner described in 6.4.2 to the corresponding transmit pairs. The PMA Receive function
shall also detect and correct for polarity mismatches on any pairs and corrects for differential delay
variations across the wire-pairs.
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6.2.4 PHY Control Function

PHY Control generates the control actions that are needed to bring the PHY into the normal mode of
operation. The PHY Control function shall operate according to the state diagram shown in figure 22. An
example of the resulting link establishment process is shown in figure 21.

During Auto-Negotiation, PHY Control is in the DISABLE_TRANSMITTER state and the transmitters are
disabled. When the Auto-Negotiation process asserts link_control=ENABLE, PHY Control enters the
SILENT state.

Upon entering the SILENT state, maxwait_timer, minwait_timer, and loc_rcvr_timer are started, while
transmitters _are kept silent by setting tx mode=SEND Z. The Slave PHY performs most of its receiver

convergenc
descramble

In Master m

Slave mode|,

e functions in the SILENT state, converging its decision feedback equalizer (DFE) and achieving
synchronization when the Master PHY is in the TRAINING state.

ode, PHY Control transitions to the TRAINING state upon expiration of the minwait"timer. In
PHY Control transitions to the TRAINING state after the Slave PHY has converged its DFE,

acquired tinjing, achieved descrambler synchronization (i.e., set scr_status=0OK), the minwait_timer has

expired, ang

the loc_rcvr_timer has not expired. If the loc_rcvr_timer expires, the Slave RHY remains in the

SILENT stafe until a subsequent Auto-Negotiation is performed.

Upon enter

ng the TRAINING state, the minwait_timer is started and transmissjon of a Type-1 PAM-2

training se

uence is forced by setting tx_mode=SEND_T1. The Master-FHY performs its receiver

convergence functions in the TRAINING state, converging echo and NEXT cancellers while the Slave PHY
is still in thg SILENT state, and converging its DFE and achieving descrambler synchronization (i.e., set
scr_status=PK) when the Slave PHY is in the TRAINING state. The Slave PHY completes the convergence
of the adaptive filter parameters in the TRAINING state, with the<convergence of the echo and NEXT

cancellers,

In Master m
parameterg
loc_rcvr_tim

t which time it sets loc_rcvr_status=READY.

bde, PHY Control transitions to the TRAINED state when the convergence of the adaptive filter
is completed (i.e., loc_rcvr_status=READY), the minwait_timer has expired, and the
er has not expired. If loc_rcvr_timer expires, the Master PHY remains in the TRAINING state

until a subse¢quent Auto-Negotiation is performed. In<Slave mode, PHY Control transitions to the TRAINED

state when
and the min

Upon enteri
sequence is
partner thg

he convergence of the adaptive filter\parameters is completed (i.e.,
ait_timer has expired.

loc_rcvr_status=READY)

ng the TRAINED state, the minwait_timer is started and transmission of a Type-2 PAM-2 training
forced by setting tx_mode=SEND_T2. The TRAINED state is used to explicitly signal to the link
completion of the convergence of its adaptive filter parameters (i.e., to signal that

loc_recvr_stgtus=READY).

PHY Contro
sequence,

transitions to the LINK_QUALIFICATION state when the PCS detects a Type-2 PAM-2 training
at whichdime it sets rem_rcvr_status=READY, the minwait_timer has expired, and

loc_recvr_stgtus=READY.

Upon enter
Ordered S

ng. the LINK QUALIFICATION state the linkeval tlmer is started and transmission of Idle2

Master and Slave PHYs achleve PCS bIock synchronlzatlon (i.e., set pcs_ status= =0K) and performs SNR
estimations to verify that the bit error rate requirements specified in the BER requirement bits of the
Management Control register may be satisfied.

PHY Control transitions to the LINK_QUALIFIED state when PCS block synchronization is achieved (i.e.,
pcs_status=0K), the receiver has determined that it satisfies the bit error rate requirements specified in the
BER requirement bits of the Management Control register, and the linkeval_timer has expired. PHY Control
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sets loc_rcvr_status=OK when PCS block synchronization is achieved and the bit error rate is satisfactory.
If the bit error rate is determined to be not satisfactory, the PHY remains in the LINK_QUALIFICATION state

until a subsequent Auto-Negotiation is performed.

Upon entering the LINK_QUALIFIED state, minwait_timer is started and transmission of Idle3 Ordered Sets
is forced by setting tx_mode=SEND _I3. The LINK_QUALIFIED state is used to explicitly signal to the link
partner that PCS block synchronization is achieved and the bit error rate is satisfactory (i.e., to signal that

loc_rcvr_status=0K).

PHY Control transitions to the SEND_DATA state from the LINK_QUALIFIED state when the PCS detects
Idle3 Ordered Sets from the link partner (at which time it sets rem_rcvr_status=0K), loc_rcvr_status is set

to OK, pcs status is set to OK, and the minwait timer has expired.

Upon entering the SEND_DATA state, the maxwait_timer is stopped and transmission.0f d
Ordered Sets is forced by setting tx_mode=SEND_N. The SEND_DATA state corresponds td
mode of operation of an FC-BaseT PHY. In the SEND_DATA state the data (i.e., XGMII worq
from the host are sent to the link partner, otherwise Idle3 Ordered Sets are sent when no datd
from the host. Situations in which no data are received from the hosts include the'case in whic
not yet synchronized with the FC-BaseT PHY at the selected link operating speed.

When in the SEND_DATA state, if the minwait_timer has expired and-pcs_status becomes d
OK or loc_rcvr_status becomes different than OK or rem_rcvr_status’becomes different thg
Control transitions to the SILENT state. PHY Control remains in the SILENT state until the expi
minwait_timer. If the link partner was in the SEND_DATA state, this silent period causes the li
rem_rcvr_status to the value INIT, forcing the link partner's to"enter the SILENT state. PHY (
attempts to re-acquire communication with the same AutotNegotiation parameters until the mg
expires. The Auto-Negotiation process begins again upon expiration of the maxwait_timer.

ata or Idle3
the normal
s) received
is received
n the host is

fferent than
n OK, PHY
Fation of the
hk partner's
Control then
xwait_timer

PHY Control may force the transmit scrambler state to be initialized to an arbitrary value by requesting the

execution of the PCS Reset function defined in<5:2.

The Idle2 and Idle3 Ordered Sets are shown in table 14.

Table14 — Idle2 and Idle3 Ordered Sets

Transcoded Representation (see 5.3.2)
Name Ordered Set SO $1 S2
Idle2 | K28.5]|'D7.0 || D9.1]| D9.1 | 10000000001b | 01110010100b | 01100101001b
Idle3 | K28.5'| D7.0 || D9.5]| D9.5 | 10000000001b | 00111010100b | 00110101001b
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Master Actions

Slave Actions

RX | TX

X RX

DISABLE_TRANSMITTER state

loc_rcvr_status=INIT
rem_rcvr_status=INIT

SILENT state

DISABLE_TRANSMITTER state

loc_rcvr_status=INIT
rem_rcvr_status=INIT

| SEND_Z SILENT state
TRAINING state SEND_Z
Convergg echo/NEXT SEND_T1 On detecting PAM-2 signals:
cancellerg Converge equalizers
Acquire descrambler synch
(i.e., set scr_status=0K)
TRAINING state
On detecjing PAM-2 signals: SEND_T1 | Converge echo/NEXT
Convergg equalizers cancellers
Acquire descrambler synch loc_rcvr_status=READY
(i.e., set gcr_status=0K)
loc_rcvr_ptatus=READY .
TRAINED state 3
On PCS detecting T2 sequence: SEND_T2
rem_rcvr| status=READY
TRAINED state
SEND_T2 On PCS detecting T2 sequence:

rem_rcvr_status=READY

L

On detecting PAM-8 signals:
Achieve PCS synch

(i.e., set pcs_status=0K)
Ensure BER is satisfactory
loc_rcvr_ptatus=OK

NK_QUALIFICATION state
SEND-12

LINK_QUALIFICATION state
SEND_I2

On detecting PAM-8 signals:
Achieve PCS synch

(i.e., set pcs_status=0OK)
Ensure BER is satisfactory
loc_rcvr_status=0OK

LINK_QUALIFIED state

On PCS dletecting Idle3: SEND_I3
rem_rcvr| status=0OK
| INK_QUALIFIED state
\Y SEND_I3 Qn PCS detecting-ldie3:
rem_rcvr_status=OK
SEND_DATA state SEND_DATA state
SEND_N || SEND_N

Figure 21 — Example of Link Establishment
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6.2.5 Link Monitor Function

Link Monitor determines the status of the underlying receive channel and communicates it via

the variable

link_status. Failure of the underlying receive channel typically causes the PMA’s clients to suspend normal
operation. The Link Monitor function shall operate according to the state diagram shown in figure 23.

Upon power on, reset, or release from power down, the Auto-Negotiation algorithm sends fas
to signal its presence to a remote station. If the presence of a remote station is sensed through
fast link pulses, the Auto-Negotiation algorithm exchanges Auto-Negotiation information with

t link pulses
reception of
the remote

station. During this period, link_status=FAIL is asserted. If a remote FC-BaseT station is detected, the
Auto-Negotiation algorithm permits full operation by setting link_control=ENABLE. As soon as reliable
transmission is achieved, the variable link status=OK is asserted, upon which further PHY operations may

take place.

Link Monitor begins its operations in the LINK_DOWN state with the same conditions that
Control to enter the DISABLE_TRANSMITTER state. Link Monitor remains in the LINK: DOW
PHY Control enters the SEND_DATA state. Link Monitor transitions to the LINKNUP state wi
conditions that cause PHY Control to enter the SEND_DATA state. Link Nlohitor transitig
LINK_DOWN if the maxwait_timer has expired and pcs_status#zOK ‘or loc_rcvr_stg
rem_rcvr_statuszOK.

6.2.6 Clock Recovery Function
The Clock Recovery function shall provide clocks suitable for signal sampling on each line

when training has been completed (loc_rcvr_status=0K). The received clock signal is supplied
Transmit function by the variable received_clock.

The Clock Recovery function may provide independent clock phases for sampling the signals
the four pairs.

6.2.7 State Diagrams

State diagrams are provided for the PHY Control and the Link Monitor functions. The variables
state diagrams are shown in table 15.

Table .15 — PHY Control and Link Monitor State Variables

cause PHY
N state until
h the same
ns to state
tuszOK or

so that the

symbol-error rate indicated in 6.2.3 is achieved. The received clock signal shall be stable and r¢ady for use

to the PMA

on each of

used in the

Variable Description
tx_mode See 4.6.2.2.
config See 4.6.2.3.
scr_status See 4.6.2.6.
pcs( status See 4.6.2.7.
foc: revr_status See 4.6.2.8.
fem_rcvr_status | See 4.6.2.9.
link_control See |IEEE 802.3-2005, clause 28.2.6.2.
link_status See IEEE 802.3-2005, clause 28.2.6.1.
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The timers used in the state diagrams are shown in table 16.

Table 16 — PHY Control and Link Monitor Timers

Timer Description

Used to limit the amount of time during which an attempt is made to establish link
connectivity via the PHY Control function described in 6.2.4. This timer shall
expire (2 000 +2) ms after being started. This timer is used in both the PHY
Control and Link Monitor state diagrams. The maxwait_timer is tested by the Link
Monitor function to force link_status to be set to FAIL if the timer expires and
pcs_statuszOK or loc_rcvr_status#OK or rem_rcvr_statuszOK.

maxwait_timer

Used to determine the minimum amount of time the PHY Cantrol function dwells

minwaitr imer in most of its states. This timer shall expire (1 +0,1) ms after being started.

Used to ensure that the startup time budget is divided appropriately, so that both
the Master and Slave PHYs have a defined minimum useful training period,to
loc_rcvil_timer | converge their respective receivers. For a Master PHY this timer shall expire

(1 884 £2) ms after being started. For a Slave PHY this timer shall expire (693
2) ms after being started.

Used to ensure a minimum period for which Idle2 Ordered Sets are transmitted,
linkeval[ timer | in order to achieve PCS block synchronization and to perform BER estimations.
This timer shall expire (100 +2) ms after being started.
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The PHY Control state diagram is shown in figure 22.

l link_control # ENABLE + pma_reset = ON

DISABLE_TRANSMITTER

link_control = ENABLE

v

SILENT <

start maxwait_timer
start minwait_timer

PO "
S dAlt1ou__TUVIE__UTTICT

tx_mode <SEND _Z

min_wait_timer_done * (config = MASTER +
(config = SLAVE * scr_status = OK * loc_rcvr_tim-
er_not_done))

v
TRAINING

start minwait_timer
tx_mode <SEND_T1

minwait_timer_done *

loc_rcvr_status = READY ¥ (config = SLAVE +
(config = MASTER * loc_revr_timer_not_done)
v
TRAINED

start minwait_timer
tx_mode <SEND_T2

minwait.timer_done *
loc_reve status = READY *
remp,rcvr_status = READY

LINK_QUALIFICATION

start linkeval_timer
tx_mode<=SEND_I2

linkeval_timer_done *
pcs_status = OK * loc_rcvr_status = OK

v
LINK_QUALIFIED

start minwait_timer
tx_mode <SEND_I3

minwait_timer_done *
pcs_status = OK * loc_rcvr_status = OK *
rem_rcvr_status = OK

v
SEND_DATA

btUp I IdAVVd;‘l_t;l 11T
start minwait_timer
tx_mode <SEND_N

minwait_timer_done *
(pcs_status # OK + loc_rcvr_status # OK +
rem_rcvr_status # OK)

Figure 22 — PHY Control State Diagram
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nitor state diagram is shown in figure 23.

l link_control # ENABLE + pma_reset = ON

LINK_DOWN <
link_status <FAIL

minwait_timer_done *
pcs_status = OK *
loc_rcvr_status = OK *

rem-rovrstatus = QK

6.3 PMAE
6.3.1 lIsolz
An FC-Base
Systems cd
EN61000-4-

MHz) to levg
to meet CIS

6.3.2 Test/Modes

6.3.2.1 Overview

The test m
waveform, t

These test 1
electrical an
modes shal

v
LINK_UP

link_status <OK

maxwait_timer_done *
(pcs_status # OK +

loc_rcvr_status # OK +
rem_rcvr_status # OK)

Figure 23 — Link Monitor State Diagram

lectrical Specification
tion and EMC Requirements
T PHY shall provide electrical isolation as definediin IEEE 802.3-2005, clause 40.6.1.1.

ntaining FC-BaseT PHYs should be abl€\to meet the EMC susceptibility test defined in
6 (i.e., conducted immunity up to 80 MHz) and EN61000-4-3 (i.e., radiated immunity above 80
Is specified in CISPR 24 and/or EN55024. Systems containing FC-BaseT PHY's should be able
PR/FCC Class A EMC emissions requirements.

bdes described in-this subclause shall be provided to allow for testing of the transmitter
ansmitter distortion; transmitted jitter, and transmitter droop.

hodes shall only change the data symbols provided to the transmitter circuitry and not alter the
d jitter characteristics of the transmitter and receiver from those of normal operation. These
be enabled by setting bits 2 .. 0 of the Test register (i.e., management register 16, see table
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35), as shown in table 17.

Table 17 — Management Register Settings for Test Modes

Value of bits 2 .. 0 of Register 16 Mode
000b Normal operation
001b Test mode 1 - Transmit droop test mode
010b Test mode 2 - Transmit jitter test in MASTER mode
011b Test mode 3 - Transmit jitter test in SLAVE mode
100b Test mode 4 - Transmitter distortion test
1010 Festmode-5=Normatoperatiomwith-mopowerbackoff,
used for the PSD mask and power level test
110b Reserved, operations not defined
111b Reserved, operations not defined

Test mode 1 is for testing transmitter droop. When test mode 1 is enabled, the-PHY shall transn
+7 symbols followed by sixty-four -7 symbols. This sequence is repeated continuously.

\When test mode 2 is enabled, the PHY shall transmit the data symbal sequence {+7, -7} repe
channels. The transmitter shall time the transmitted symbols from .a$§ymbol rate clock in the M
mode.

\When test mode 3 is enabled, the PHY shall transmit the data sequence {+7, -7} repeatedly on §
The transmitter shall time the transmitted symbols froma symbol rate clock in the Slave timing

When test mode 4 is enabled, the PHY shall transmit at its maximum supported power the s
symbols generated by the scrambler generator polynomial g¢1 = 1 + x? + x'1. The maximum
register used to generate the sequences defined by this polynomial shall be updated once
interval. The bits stored in the shift registerdelay line at a particular time n are denoted by Scr|
each symbol period the shift register is\advanced by one bit and one new bit represented L
generated. Bits Scry[8] and Scry[10]care XORed together to generate the next Scry[0] bit.
symbols to be transmitted shall be ‘obtained as specified in table 11 from the bit sequences x
x2,,, generated from the following.eombinations of the scrambler bits:

X0,, = Scry[0]
X1, = Scry[1] ® Scry[4]
X2, = Scry[2] &\Stry[4]

The PAM-8 Symbol sequence shall be presented simultaneously to all transmitters. The tran
time the.transmitted symbols from a symbol clock in the Master timing mode.

hit sixty-four

htedly on all

aster timing

Il channels.
mode.

equence of
Hlength shift
per symbol
L[O .. 10]. At
y Scr,[0] is
The PAM-8
D, X1,, and

smitter shall

sk and the

Testmode 5 is for checking whether the transmitter is compliant with the transmit PSD m
mmWration at its

maximum supported power. The sequence of 4D PAM-8 symbols to be transmitted in this mode shall be
constructed from the Master side-stream scrambler, shown in figure 10. The initial state of the scrambler
shall be any arbitrary non-zero value. The 11-bit scrambling vector Q,[0 .. 10] (see 5.3.4) shall be Schl&fli
lattice encoded as shown in figure 12 to form four 3-bit values A, By, C,,, Dy. These values shall be mapped

to PAM-8 symbols as specified in table 11 and transmitted while in test mode 5.
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6.3.2.2 Test Fixtures
The fixture shown in figure 24, or an equivalent one, shall be used for measuring the transmitter

specifications defined in 6.3.3 for droop, jitter and PSD mask.

High impedance
differential probe

Transmitter 100 Q

under test

Digital
. oscilloscope or
Transmitter clock data acquisition
module

Figure 24 — Transmitter Test Fixture A

shown in figure 25, or an equivalent one, shall be used“for measuring the transmitter

The fixture
specifications defined in 6.3.3 for distortion.
50 Q
[ransmitter !
inder test \ Vg
50 Q
High impedance
differential probe
Digital
. | oscilloscope or Post-
Transmitter clock data acquisition processing
module

Figure 25 — Transmitter Test Fixture B

To allow for measurement of transmitted jitter in Master and Slave modes, the PHY shall provide access to
the transmit symbol clock that times the transmitted symbols. The PHY shall provide a means to enable this

clock output if it is not normally enabled.
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The disturbing signal V4 shall have a differential amplitude of 4 Vpp and a frequency as shown

Table 18 — Disturbing Signal Frequency

Mode Frequency
4GFC-BaseT 54 MHz
2GFC-BaseT 27 MHz
1GFC-BaseT 13,5 MHz

in table 18.

The generator of the disturbing signal shall have sufficient linearity and range in order to not introduce any

appreciable distortion when connected to the transmitter output.

6.3.3 Transmitter Electrical Specifications

6.3.3.1 Overview

The PMA shall operate with AC coupling to the MDI. Where a load is not specified, thetransmitte
the requirements of this subclause with a 100 ohm resistive differential load corihected to each
output.

6.3.3.2 Transmitter Output Droop

\When the transmitter is operating in test mode 1, using the transmitter test fixture A, the magni
the positive and negative droop measured with respect to an jnitial peak value after the zero ¢
final value before the next zero crossing shall be as shown jintable 19.

Table 19 — DroopRequirements

Mode Droop
4GFC-BaseT <12%
2GFC-BaseT <23%
1GFC-BaseT <39%

Figure 26 shows an example of the eutput of the test mode 1. Symbol periods are shown in ta

64 Symbol Periods

Ve K

r shall meet
transmitter

ude of both
rossing and

le 6.

Droop =100 * (V¢/Vpi) %

Figure 26 — Test Mode 1 Output (not to scale)
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6.3.3.3 Transmitter Distortion

The transmitter peak distortion is determined by sampling the differential signal output with the symbol rate
clock at an arbitrary phase and processing a block of any 2 047 consecutive samples with the MATLAB code
given in IEEE 802.3-2005, clause 40.6.1.2.4. Optionally, the data may first be processed by a digital filter
meant to model the receive filter (including high pass). The MATLAB code removes the disturbing signal
from the measurement and measures the peak distortion.

When in test mode 4 and observing the differential signal output at the MDI using transmitter test fixture B,
for each pair, with no intervening cable, the peak distortion as defined in this subclause shall be less than
10 mV in all supported modes.

N TE 40 \L e o — ok o lid adl £ ol : ot lo £ o .
O = TU TV dic SUlniviTTit TUT TTTTUpTIrauvllity Wil a 1dl ©IHU TTUTIVTT UUL TTIdy TIUL DT SUTTHUITTIU TUIT

local e¢ho cancellation. Local echo cancellation is a receiver issue and is left to the implementor.

6.3.3.4 Trapsmitter Timing Jitter

When in teqt modes 2 and 3, the PHY transmits the levels {+7, -7} continuously at 5 dBm. Jittér shall be
measured gver an integration time interval of not less than 1 ms. RMS jitter is defined as/the root mean
square perigd difference from the average period (T - T,,g), accumulated over a sample ‘size of at least 1
ms in duratipn, as defined by the following equation:

2
o /XT —Tavg)
] Sanple Size
The RMS pgriod jitter at either the Master or Slave MDI output shall be less than 20 ps in all supported
modes.
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6.3.3.5 Transmitter Power Spectral Density (PSD) and Power Level

In test mode 5, the average transmit power shall be (5 £0,25) dBm.

For 4GFC-BaseT the power spectral density of the transmitter, measured into a 100 Q load, shall be
between the following upper and lower masks, where f is in MHz:

-76 dBm/Hz 0<f<100 MHz
Upper PSD(f) | -76 — (f— 100) x % dBm/Hz 100 MHz < f 850 MHz

113 dBm/Hz 850 MHz < f

-79 dBm/Hz 300 kHz < f <40 MHz
Lower PSD(f) = (f — 40)

79~ =20 gBmikz 40 MHz < <160 MHz

The 4GFC-BaseT upper and lower masks are shown in figure 27, with an\éxample of transmitter PSD at 5
dBm.

Typical PSD at 5dBm [
= = = pper PSD Mask
Lower PSD Mask

I

~

o
T

~ . 4

| | |
400 500 600 700 800 90 1000

| | |
0 100 200 300

Frequency (MHz)

Figure 27 — 4GFC-BaseT Transmitter PSD at 5dBm
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For 2GFC-BaseT the power spectral density of the transmitter, measured into a 100 Q load, shall be
between the following upper and lower masks, where f is in MHz:

-73 dBm/Hz 0<f<50 MHz
Upper PSD(f) g -73 - (f_,]% dBm/Hz 50 MHz < f <450 MHz
-113 dBm/Hz 450 MHz < f
[ -76 dBm/Hz 300 kHz <f<20 MHz
Lower PSO(f) = (f—20)
-76—T dBm/Hz 20 MHz < f<80 MHz

The 2GFC-BaseT upper and lower masks are shown in figure 28, with an example of transmitterPSD at 5
dBm.

—70 b Typical PSDaf'6dBm |
: : : = = = Upper PSD\Mask
LowerPSD Mask H

-75

-80

-85

-90

-95

PSD (dBm/Hz)

1100

105

110

1115

0 100 V 200 300 400 500 600
Frequency (MHz)

Figure 28 — 2GFC-BaseT Transmitter PSD at 5dBm
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For 1GFC-BaseT the power spectral density of the transmitter, measured into a 100 Q load, shall be
between the following upper and lower masks, where f is in MHz:

-70 dBm/Hz 0<f<25 MHz
Upper PSD(f) | 70— (f— 25) x % dBm/Hz 25 MHz < f <250 MHz
113 dBm/Hz 250 MHz < f
| 73 dBm/Hz 300 kHz < f<10 MHz
Lower PSD(f) > 2
-73—(f—10)xﬁdBm/Hz 10 MHz < f<40 MHz

The 1GFC-BaseT upper and lower masks are shown in figure 29, with an example of transmitter PSD at 5
dBm.

Typical PSD at 5dBm
= =_="Upper PSD Mask
Lower PSD Mask B

-95

PSD (dBm/Hz)

-100

-105

-110

-115

100 150 200 300

Frequency (MHz)

Figure 29 — 1GFC-BaseT Transmitter PSD at 5dBm
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6.3.3.6 Transmitter Power Schedule

The nominal power of the PMA transmitted signal shall be varied with the cable length according to the
transmitter power schedule shown in table 20, that shows the maximum transmitter power.

Table 20 — Transmitter Power Schedule

Mode Maximum Transmitter Power Cable Length
2,50 dBm Om<L<10m
3,00 dBm 10m <L <20m
4GFC-BaseT?
4,00 dBm 20m <L <40m
5.25dBm 40m <L
2,50 dBm Om <L <30m
2GFC-BaseT 4,00 dBm 30m <L <50m
5,25 dBm 50m <L
2,50 dBm Om <L <60m
1GFC-BaseT
5,25 dBm 60m <L

@ Transmitting at the maximum transmitter power in 4GFC-BaseT mode may.
create some interference issues in certain situations. See Annex C for a
recommended power schedule.

6.3.3.7 Trapsmit Clock Frequency

The symbol|transmission rate on each pair of the Master PHY shall be\within the range shown in table 21.

Table 21 — Transmitter Frequency Requirements

Mode Frequency
4GFC-BaseT 318,45 MHz + 50ppm
2GFC-BaseT 159,375 MHz + 50ppm
1GFC-BaseT 79,6 875 MHz +50ppm

6.3.4 Receiver Electrical Specifications

6.3.4.1 Oveérview

The PMA shall provide the PMAReceive function specified in 6.2.3 in accordance with the electrical
specifications of 6.3.4 and using)the interconnecting cabling and hardware that is within the limits specified
in 6.5.

6.3.4.2 Redgeiver Differential Input Signals

Differential|signals-received at the MDI that were transmitted from a remote transmitter within the
specifications 0f'6:3.3 and have passed through a link having the characteristics specified in 6.5 shall be
received with a'‘BER less than the one specified by the BER requirement bits of the Management Control
Register (see 9.3) and sent to the PCS. This specification shall be satisfied by a frame error ratio for the
FC-BaseT speeds as follows:

a) 4GFC-BaseT: frame error ratio less than 4 096 times the specified BER, for 512 byte frames;
b) 2GFC-BaseT: frame error ratio less than 2 048 times the specified BER, for 256 byte frames; and
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c) 1GFC-BaseT: frame error ratio less than 1 024 times the specified BER, for 128 byte frames.

6.3.4.3 Receiver Frequency Tolerance

The receiver shall properly receive incoming data with a symbol rate within the range shown in table 22.

Table 22 — Receiver Frequency Requirements

Mode Frequency
4GFC-BaseT 318,75 MHz + 50ppm
2GFC-BaseT 159,375 MHz + 50ppm
1GFC-BaseT 79,6 875 MHz + 50ppm

6.3.4.4 Alien Crosstalk Noise Rejection

\While receiving data from a transmitter compliant with the specifications in 6.3.3 through a li
compliant with the specifications in 6.5, a receiver shall operate with a BER lower thah the one

hk segment
specified by

the BER requirement bits of the Management Control Register (see 9.3) with_four noise solirces at the

specified levels representing alien crosstalk, one connected to each of the fourpairs.

Independent noise sources should be injected into each MDI input using ‘eouplers that do not
alter the link segment characteristics. Each noise source shall have’a flat noise spectrum
bandwidth of at least 2 MHz to 250 MHz, and a power spectral density such that at the MD
devices under test the power spectral density of the injected noise shall be as shown in table 2

Table 23 — Alien Noise Requirements

Mode Alien Noise PSD
4GFC-BaseT -129 dBm/Hz
2GFC-BaseT -123 dBm/Hz
1GFC-BaseT -120 dBm/Hz

A flat noise source is chosen to modelthe sum of all alien noise sources (see IEEE 802.3an-2
55.5.4.4).

significantly
, with 3 dB
port of the
3.

006, clause
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6.4 MDI Specification
6.4.1 Overview

This subclause defines the FC-BaseT MDI. Each FC-BaseT device shall conform with the mated connector
requirements to allow interoperability within an FC-BaseT environment.

6.4.2 MDI Mechanical Specification

The mechanical interface to the balanced cabling used by FC-BaseT shall be an eight-pin connector
meeting the requirements of:

a) IEC 60603-7-2 or IEC 60603-7-3 for 1GFC-BaseT and 2GFC-BaseT; and
b) IEC 6p603-7-4 or IEC 60603-7-5 for 4GFC-BaseT.

The jack cgnnector shall be used on the FC-BaseT PHY and the plug connector shall be used on the
balanced cgbling. These connectors are informatively shown in figure 30 and figure 31.

Figure 30 — MDI Jack Connector

E

PIN 1

Figure 31 — Balanced Cabling Plug Connector
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The assignment of PMA signals to MDI and MDI-X (i.e., crossover MDI, see 6.4.3) contacts for the

FC-BaseT PHY is shown in table 24.

Table 24 — Assignment of PMA Signals to MDI and MDI-X Contacts

Contact PMA Signal in MDI | PMA Signal in MDI-X
1 BI_DA+ BI_DB+
2 BI_DA- BI_DB-
3 BI_DB+ BI_DA+
4 BI_DC+ BI_DD+
5 BL DC— Bl DD-
6 BI_DB- BI_DA-
7 BI_DD+ BI_DC+
8 BI_DD- BI_DC-

6.4.3 Automatic MDI/MDI-X Configuration

Automatic MDI/MDI-X configuration is intended to eliminate the need forlerossover cables bety
devices. Automatic MDI/MDI-X configuration is required for FC-BaseT devices and shall comp
802.3-2005, clauses 40.4.4.1 and 40.4.4.2.

6.4.4 MDI Electrical Specification

The FC-BaseT MDI electrical requirements when the MDI jack connector is mated with a balar
plug connector are defined by the references shown in‘table 25.

Table 25 — FC-BaseT MDI Electrical Requirements

veen similar
y with IEEE

ced cabling

FC Speed FEXT Return Loss Impedance Balance
torcamer | 1S 02 | EEE s | IECE A e 200
rorcemer | SRS | EEEw0zonos | e o0z 020y
toroamer [(EEC2oans | EEE w0z ozt | eEE o)

@ The requitements for 4GFC-BaseT are limited to a maximum frequency of 250 MHz.

6.4.5 MDI Fault tolerance

The FC:BaseT MDI shall meet the MDI fault tolerance requirements defined in IEEE 802.3-2

40.873,4.

65 LintcS o -

6.5.1 Overview

005, clause

The link distances specified in table 3 are based on insuring interoperability between FC-BaseT PHYs. ltis
the implementor's responsibility to ensure that the cable assemblies are within the operating limits defined
in this subclause. Greater link distances may be obtained by specifically engineering a link based on
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knowledge of the technology characteristics and conditions under which the link is installed and operated.
However, these link distance extensions are outside the scope of this standard.

6.5.2 FC-BaseT Link Topology
An FC-BaseT link consists of a horizontal cable component, two connection end points, and two patch cords

connected to the FC-BaseT PHYs. The FC-BaseT link is between the connection points shown in figure 32
and include the permanent link as defined in ISO/IEC 11801:2002 and TIA/EIA-568-B.2-2001.

A

FC-BaseT Link

A 4

FC-BageT FC-BaseT
PHY EU@ @U c PHY

Figure 32 — FC-BaseT Link Topology

6.5.3 FC-BaseT Cable Plant Requirements

The FC-BageT cable plant requirements for the different cable types are defined by the references shown
in table 26.

Table 26 — FC-BaseT Cable Plant Requirements

Internal Impairments )
(Insertion Loss, NEXT, ELFEXT, Alien Crosstalk
Cable Type Return Loss, Delay, Delay Skew) | (Alien NEXT and Alien ELFEXT®)

IEEE 802.3-2005,
Clause 40.7.64

Class O/ Category 5e ISO/IEC 11801:2002, Annex A?

ISO/IEC TR 24750

. a

Class H/ Category 6 ISO/IEC 11801:2002, Annex A or TIA/EIA TSB-1558

Class Eb / Cateaory 6a | |SO/IEC 11801:2002+A1:2008 ISO/IEC 11801:2002+A1:2008
A gory or TIA/EIA-568-B.2-10P or TIA/EIA-568-B.2-10

@ For determining insertion loss the equations in Annex A are used. The length of the two patch cords
timgs 1,2 shall be included.in‘the length calculation in Annex A. The 20% increase is to account for the
increased insertion loss (Of patch cords. The FC-BaseT link should include two connectors in the
insgrtion loss calculationt

b The length used inithese references assume a 100 meter maximum length.

C The|Alien crosstalk is specified as a power sum of all disturbers. In ISO/IEC the term PS AACR-F is
usedl for Power'Sum Alien ELFEXT.

d Thelnoise specified includes both Alien NEXT and Alien FEXT.
€ ThelAlier crosstalk may require mitigating procedures to meet the requirements defined in these

references.
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7 Elasticity FIFO
7.1 Overview

FC-BaseT uses Elasticity FIFOs (E-FIFO) to solve potential clock skews between two connected PHYs and
to retime the data stream in order to be compliant with the FC-PI-2 jitter specification. The E-FIFO performs
speed matching between the incoming word stream and a local reference clock that may differ by = 100
ppm. The operations of the Elasticity FIFO shall be compliant with FC-FS-2 and FC-AL-2. Figure 33 shows
the Elasticity FIFOs in an FC-BaseT PHY.

|
|
|

[

[

TX |
i

[

Elasticity PAM-8 '
FIFOs encoder/decoder :

RX :

|
r
|

Refeféence
* = optional E-FIFO @

Figure 33 — FC-BaseT elasticity FIFO

The E-FIFOs are driven by:a.local reference clock in order to perform speed matching and reget the jitter.
Speed matching is achieved by insertion or deletion of FC Idles or of other FC Ordered Sets (sge 7.2). The
E-FIFO on the FC-BaseT PHY receiving path, denoted with an asterisk in figure 33, is not requirg¢d for speed
matching but may be:required for jitter compliance.
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7.2 Ordered sets processing

An Elasticity FIFO recognizes and processes the Ordered Sets shown in table 27 (see FC-FS-2) as
Extended Fill Words. Speed matching between the incoming word stream and a local reference clock is
performed by inserting or removing Extended Fill Words as needed.

Table 27 — Extended Fill Words

Abbreviation Description
Idle Idle

ARBff Arbitrate

ARByx Arbitrate

ARB(val) Arbitrate

NOS Not_Operational

OLS Offline

LR Link_Reset

LRR Link_Reset Response

LIP(F7,F7) Loop Initialization - F7,F7
LIP(F8,F7) Loop Initialization - F8,F7

LIP(F7,x) Loop Initialization - F7,x

LIP(F8,x) Loop Initialization - F8,x

LIPyx Loop Initialization - reset

LIPfx Loop Initialization - reset all

LIPba Loop Initialization - reserved LIPba
LPByx Loop Port Bypass

LPBfx Loop Port Bypass all

LPEyx Loop Port:Enable

LPEfx Loop Port Enable all

Figure 34 shows an example of Elasticity FIFO implementation.

Level 0 |
|

Level 4 Level 3 Level 2 Level 1

m

-FIFO Input
—

E-FIFO Output
— >

Figure 34 — Example of E-FIFO implementation

This implementation has the following 5 states, depending on how full the buffer is:

a) Level 0 - High Priority Insertion Pending;
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b) Level 1 - Low Priority Insertion Pending;

c) Level 2 - Quiescent;

d) Level 3 - Low Priority Deletion Pending; and

e) Level 4 - High Priority Deletion Pending.
When the E-FIFO operates in Level 2, no action is needed. When the E-FIFO operates in Level 1 or Level
3, it respectively inserts or removes FC Idles. When the E-FIFO operates in Level 0 or Level 4, it respectively

inserts or removes Extended Fill Words (see table 27). The insertion or removal of Extended Fill Words shall
not corrupt the FC data traffic.

Different E-FIFO implementations are allowed by this standard if they meet the requirempéents|of FC-FS-2
and FC-AL-2.

7.3 Clock skew compensation

Symbols on an FC-BaseT link are transmitted and received over the same ‘wire pairs in a synchronous
manner. During Auto-Negotiation (see clause 8) one of the two connected:FC-BaseT PHY becomes the
Master PHY and the other one the Slave PHY. The Master PHY sets the clock signaling on the cable, the
Slave PHY recovers the clock information from the signals on the cableHowever, the frequency with which
an FC-BaseT PHY transmit 33B blocks over the cable may differfrom the frequency with which it receives
the XGMII words to be transmitted by =100 ppm. Figure 35 shows-how the Elasticity FIFO solvgs this issue.

Master FC-BaseT PHY

| |
I I
| g v |
| N\ I
| > |
P —— R — " !
: 1 2 : ! . : f2 f3 or f2 :
| — |
| [ o |
| Elasticity PPAC'\:AéS (- b PéCI\;/IS-S Elasticity |
| FIFOs [ Co FIFOs :
| PMA ;oo T PMA |
>
I T 1 I
| | ' ' | |
e [ | L -« U
| f2 f2 ———P 2 4 |
| ! ! |
I ' I
| |
| |

cable
Reference Reference
clock - f2 clock - f3
* = optional E-FIFO

= 20 [f a3 =] FH
rryurc JJ LI el = (<1144 0]

The Master FC-BaseT PHY transmits 33B blocks to and receives 33B blocks from the cable with the
frequency f2 of its reference clock. On the transmission path of the Master PHY the E-FIFO absorbs
possible differences between the reference clock frequency f2 and the frequency 1 with which the XGMII
words are sent to the E-FIFO after the 10b decoding. On the receiving path of the Master PHY the XGMI|
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words arrive with the reference clock frequency f2. If an E-FIFO is present on the receiving path, the
received XGMII words are re-timed to the frequency 2 of the local reference clock.

The Slave FC-BaseT PHY transmit 33B blocks to and receives 33B blocks from the cable with the frequency
f2 recovered from the signals on the cable. On the transmission path of the Slave PHY the E-FIFO absorbs
possible differences between the frequency f2 and the frequency f4 with which the XGMII words are sent to
the E-FIFO after the 10b decoding. On the receiving path of the Slave PHY the XGMII words arrive with the
reference clock frequency f2. If an E-FIFO is present on the receiving path, the received XGMII words are
re-timed to the frequency f3 of the local reference clock, otherwise the received XGMII words have the
frequency 2.
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8 PHY startup procedure
8.1 Overview

The FC-BaseT startup procedure is based on IEEE 802.3-2005 Auto-Negotiation and co

nsiders the

properties of the cable in the speed selection. Each PHY maintains a list of speed capabilities that it is able
to support (e.g., 4GFC-BaseT, 2GFC-BaseT, and 1GFC-BaseT), each up to a certain reach. The procedure

operates as follows:

1) Each PHY determines the speeds supported by the host and keeps the intersection with its speed

capabilities (see 8.2);

2) Each PHY performs Auto-Negotiation (see 8.4). As part of the Auto-Negotiationp
involved PHYs, after determining that they both support FC-BaseT, perform/a.c
estimation. Each PHY advertises to the other one the speeds that it is ablé)to suy
estimated cable length. The higher speed in the intersection between the advertise
selected as tentative link operating speed;

3) When the tentative link operating speed is selected, each PHY attempts to establ
according to the process described in 6.2.4. The link establishment'process includes trg

PMA and qualification of the link. If link qualification fails (i.e., aPHY determines that t

rocess, the
hble length
port at the
] speeds is

sh the link
ining of the
ne available

SNR margin is not enough to achieve the specified bit error rate);the PHY retries to establish the link

or goes back to step 2, to perform again Auto-Negotiation; as described in 8.5. In this
Auto-Negotiation process the PHY advertises speeds lower than the tentative link oper
that failed the link qualification. If link qualification succeeds, the successful tentative lir
speed is selected as the link operating speed; and

When the link operating speed is selected, thevPHY begins to operate in nhormal mod

subsequent
ating speed
k operating

e. The host

synchronizes its speed with the selected link.operating speed (see 8.3) and the startup procedure is

completed.

This scheme allows the building of completely interoperable implementations differing only in
different speeds, assuming the same reach for the lowest speed (i.e., 1GFC-BaseT). A lower re
speeds allows power efficient implementations. Support for 100m reach at the 1GFC-Bas
mandatory, in order to guarantee(interoperability among all FC-BaseT implementations.

8.2 Host speeds determination
An FC-BaseT PHY determines the speeds supported by the host to which it is connected frg
Speeds bits (i.e, bits'2 .. 0) of the Management Control register. A host supporting FC-Bas
required to repoft its supported speeds to the PHY by writing in the Management Control regist

8.3 Hostisynchronization

When an FC-BaseT PHY operates in normal mode, the selected link operating speed is end
Speed Resolution bits (i.e., bits 8 .. 7) of the Status register (see 9.4). A host may use this in

ch at higher
T speed is

t{eir reach at

m the Host
eT PHYs is
br (see 9.3).

oded in the
ormation to

e\]/nr\hrnni?n with-the PHY

Alternatively, if an FC-BaseT PHY implements 6 points, a host may synchronize with the PHY using the
clock information extracted from the words transmitted by the PHY to the host at the selected link operating

speed when the Host Synch Mode bits of the Control register are not set to zero (see 9.3).
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It is strongly recommended that an FC-BaseT PHY implementing & points supplies the content of the
Rx_LOS bit of the Status register (see 9.4) also as a signal, to provide a feature analogous to the Rx_LOS
signal defined in FC-PI-2.

8.4 FC-BaseT auto-negotiation

8.4.1 Overview

The FC-BaseT Auto-Negotiation shall be performed on the cable according to the rules specified in IEEE
802.3-2005, clause 28, as modified by this subclause and with the following qualifications:

a) FC-BaseT Auto-Negotiation is mandatory;

b) FC-BgseT Auto-Negotiation supports the NLP Receive Link Integrity Test function but does not)im-
plement a 10BASE-T PMA,;

c) FC-B3seT Auto-Negotiation does not support parallel detection of either 100BASE-TX or
100BASE-T4 PMAs;

d) FC-B3seT Auto-Negotiation does not support the IEEE 802.3-2005 clause 22 Mij;

e) Registers comparable to MII registers 0 .. 8 (see IEEE 802.3-2005, clause 22), that are used by
IEEE [802.3-2005 clause 28 Auto-Negotiation, are implemented by the FC-Base-T Management
Registers 0 .. 8;

f) The link_fail_inhibit_timer (see IEEE 802.3-2005, clause 28.3.2)-shall have a default value of 2 192
ms; and

g) All link test pulses in the FLP Burst sequence shall meet the template requirements of IEEE
802.312005, figure 14—12, when measured across a 400 ohm * 1% resistive test load; both with the
load donnected directly to the MDI and with the load*connected through all of the cable types and
distances supported by the advertised capabilities.

The FC-BageT Auto-Negotiation is based on the:exchange of four 16-bit Pages, one Base Page and three
Unformatteq Pages, according to the following. steps:

1) FC-BaseT support. The Base Page-exchange verifies that both PHY's support FC-BaseT (see 8.4.2).
If one|of the two PHY's does naot support FC-BaseT, the Auto-Negotiation process ends (see 8.4.2).
Furthgr exchanges are possible, but outside the scope of this standard. If both PHYs support FC-Ba-
seT, Auto-Negotiation continues;

2) Master-Slave relationship. The first Unformatted Page exchange is used to pass the information
required to determine the Master-Slave relationship between the two PHYs (see 8.4.3);

3) Cable|length-estimation. The second Unformatted Page exchange is used to pass the cable length
estimTtion information (see 8.4.4); and

4) Tentative operating speed determination. The third Unformatied Page exchange allows the two
PHYs to exchange the speeds compatible with the estimated cable length and other parameters
(see 8.4.5). The best common speed exchanged is selected as tentative link operating speed.

The Acknowledge 2 bit (see figure 37) is not utilized and has no meaning when used for the FC-BaseT
message page exchange.
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8.4.2 FC-BaseT support

Support for FC-BaseT is determined via a Base Page exchange. Figure 36 shows the Base Page encoding.

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

SO | S1|S2|S3|S4|A0|A1 | A2 | A3 | A4 | A5 | A6 | A7 | RF |Ack | NP

A
\ 4
A
v

Selector Field Technology Ability Field

Figtre-36—DBasepage-encoding
The fields composing the Base Page shall be used as follows:
Selector field: shall be set to the value 00101b.
NOTE 7 - This value indicates INCITS, as specified in http://www.ieee802.org/3/selectors/selectors.html.

Technology Ability field: the bits AO .. A7 shall have the semantic shown'in table 28.
Table 28 — Technology Ability Eield

Bit Description
A0 .. A5 | Reserved to INCITS

1b: FC-BaseT supported
Ob: FC-BaseT not supported

1b: Extended Next Pages\(XNP) supported?@
Ob: Extended Next Pages(XNP) not supported

@ See IEEE 802.3an-2006, clause28.2.1.2.3, for the definition of Extended Next Pages.

A6

A7

Remote Fault (RF): see IEEE 802.3-2005, clause 28.2.1.2.3.
Acknowledge (Ack): see IEEE 802.3-2005, clause 28.2.1.2.4.
Next Page (NP): see IEEE;802.3-2005, clause 28.2.1.2.5.

Extended Next Pagésmay be supported by a PHY, but they are not used by the FC-BaseT AutoiNegotiation
procedure.

A PHY indicates support for FC-BaseT by setting the Selector field to the value 00101b and bit A6 of the
Technology-Ability field to one.

If the_Selector Field of the Link Partner does not match the one of the local PHY and the Nex{ Page bit of
theLink Partner Base Page is set to one, the local PHY shall transmit Null Message Pages after its Base
Page and shall not transmit the three FC-BaseT Unformatted Next Pages. An FC-BaseT PHY may restart
Auto-Negotiation at any time.
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8.4.3 Master-Slave relationship

All FC-BaseT PHYs are capable of operating as Master or Slave. All FC-BaseT PHY's are single-port
devices. The Master-Slave relationship is determined during Auto-Negotiation by exchanging two seed
values. The seed values are exchanged via Unformatted Pages. Figure 37 shows the Unformatted Page
encoding.

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

Uo | U1 |U2|U3|U4 U5 |UG|U7|U8|U9 UIO| T [Ack2| MP |Ack | NP

Unformatted Code Field

Figure 37 — Unformatted page encoding

The fields composing the Unformatted Page shall be used as follows:

Toggle (T):|see IEEE 802.3-2005, clause 28.2.3.4.6.

Acknowledge 2 (Ack2): see IEEE 802.3-2005, clause 28.2.3.4.5. This bit is not,used by FC-BaseT.

Message Page (MP): see IEEE 802.3-2005, clause 28.2.3.4.4. For use with(FC-BaseT this bit shall be set
to zero, to irjdicate that the page is an Unformatted Page.

Acknowledge (Ack): see IEEE 802.3-2005, clause 28.2.3.4.3.
Next Page {NP): see IEEE 802.3-2005, clause 28.2.3.4.2.

The bits of the Unformatted Code field of the first Unformatted Page have the semantic shown in table 29.

Table 29 — Unformatted code field of the first unformatted page

Bit Description
uo FC-BaseT MASTER-SLAVE Seed Bit 0 (SBO, LSB)
U1 FC-BaseT MASTER-SLAVE Seed Bit 1 (SB1)
u2 FC-BaseT\MIASTER-SLAVE Seed Bit 2 (SB2)
U3 FC-BaseT MASTER-SLAVE Seed Bit 3 (SB3)
u4 FE-BaseT MASTER-SLAVE Seed Bit 4 (SB4)
us FC-BaseT MASTER-SLAVE Seed Bit 5 (SB5)
)
)
)

(
U6 FC-BaseT MASTER-SLAVE Seed Bit 6 (SB6
u7 FC-BaseT MASTER-SLAVE Seed Bit 7 (SB7
us8 FC-BaseT MASTER-SLAVE Seed Bit 8 (SB8

H9——FE-BaseT MASTER-StAVE SeedBit9(SBS)
U10 | FC-BaseT MASTER-SLAVE Seed Bit 10 (SB10, MSB)

When receiving the first Unformatted Page after the Auto-Negotiation signal ability _match is set to true (see
IEEE 802.3-2005, figure 28-16), the PHY determines a tentative Master-Slave resolution. This intermediate
resolution is not to be confused with the actual Master-Slave resolution that is performed in the FLP LINK
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GOOD CHECK state of the Auto-Negotiation Arbitration state diagram (see IEEE 802.3-2005, figure 28-16),

even though the resolution mechanisms are the same. The tentative resolution assignment:

a) is based on decoding the FLP bursts of the first Unformatted Page that caused ability_match to be

set to true; and

b) is ignored by the Auto-Negotiation process. It is generated solely for the purpose of sy

nchronizing

the cable length estimation algorithm with Auto-Negotiation and it only has meaning in the context of

cable length estimation (see 8.4.4).

The Master-Slave Seed is assigned as follows. A random or pseudo random number, rand_va
to a sequence of independent, identically distributed integer numbers with a uniform distribution

en 4. nll

I, belonging
in the range
to minimize

Ul'U U £ - 1, ib gc:l IUIdtUU‘. Ti 1< aigulit;llll UDCUI tU ycllwatc t;lb‘ IIulIIIUCI D;IUUiUI IUC db‘biyllcd
the correlation between the number generated by any two devices at any given time. The

Enable bit (i.e., bit 4) and Master-Slave Test Configuration Value bit (i.e., bit 3) of the manag
register (see 9.6), as shown in table 30.

Table 30 — Master-Slave seed assignment

aster-Slave

Seed is assigned based on the value of rand_val and the values of the Master-Slave -Test Cpnfiguration

ement Test

after the tentative Master-Slave resolution as follows:

1) Tentative Slave PHY enables 'Clock Loopback' mode on transmit pair Bl_DC: it detects ¢
Link Pulses (NLPs) withip-the Auto-Negotiation Fast Link Pulse (FLP) bursts (see IEEE
clause 28) and retransmits them after a specified delay on transmit pair Bl_DC (see figu

2) Tentative Mastér, PHY enables 'Clock Detect' mode on receive pairs Bl_DC and Bl_DD:
the time duration for the return of Auto-Negotiation clock NLPs (see figure 38);

'COMPLETE ACKNOWLEDGE' (see IEEE 802.3-2005, clause 28); and

4)~ Tentative Slave PHY disables 'Clock Loopback' mode at end of Auto-Negotiation state '

Test Register
bits 4 .. 3 value Master-Slave Seed Description
11b rand_val OR 10000000000b Preference for PHY to be configured
as Master
10b rand val AND 01111111111b Preference for PHY to be configured
- as Slave
No preference for PHY to be
Oxb rand_val :
configured as Master or Slave
8.4.4 Cable length estimation
Cable length estimation is performed in\parallel and synchronously with the FC-BaseT Auto{Negotiation

ock Normal
B02.3-2005,
e 39);

it measures

3) Tentative-'Master PHY determines cable length estimate before end of Auto-negofiation state

COMPLETE

ACKNOWLEDGE!' (see IEEE 802.3-2005, clause 28).

NOTE 8 - Transmit pair BI_DA of one PHY has to be connected to the receive pair BI_DA of its link
partner, and vice versa, in order to perform Auto-Negotiation. However this does not guarantee that
transmit pair BI_DC of one PHY is connected to the receive pair BI_DC of its partner, because the cable
pairs associated with BI_DC and BI_DD may not be crossed over in the same way as the cable pairs
associated with BI_DA and BI_DB. Therefore a PHY looking for NLPs transmitted by its link partner PHY
on BI_DC should monitor the receive pairs Bl_DC and Bl_DD to detect the transmitted NLPs.
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With this algorithm the tentative Master PHY measures the cable round trip delay. For the purposes of this
standard, the cable length in meters shall be computed from this delay estimate using the following formula:

cable length = roundtrip_cable_delay x é—l

NOTE 9 - This formula assumes a nominal velocity of propagation of a signal over a cable of 0,697 3c.
Measurements have shown that the value of the velocity of propagation for a specific cable may differ
from this value by up to + 7,5%.

When the measure of the round trip delay is complete, the tentative Master sends the measured delay to
the tentative Slave in the second Unformatted Page. The Unformatted Page encoding is shown in figure 37.

The bits of the Unformatted Code field of the second Unformatted Page have the semantic shown in Table
31.

Table 31 — Unformatted code field of the second unformatted page

Bit Description

uo FC-BaseT Round Trip Cable Delay Bit 0 (RTCDBO, LSB)
U1 FC-BaseT Round Trip Cable Delay Bit 1 (RTCDB1)

u2 FC-BaseT Round Trip Cable Delay Bit 2 (RTCDB2)

U3 FC-BaseT Round Trip Cable Delay Bit 3 (RTCDBJ3)

U4 FC-BaseT Round Trip Cable Delay Bit 4 (RTCDB4)

us FC-BaseT Round Trip Cable Delay Bit 5 (RTCDB5)

U6 FC-BaseT Round Trip Cable Delay Bit6 (RTCDB6)

u7 FC-BaseT Round Trip Cable Delay,Bit 7 (RTCDB?7)

us FC-BaseT Round Trip Cable Delay Bit 8 (RTCDBS)

U9 FC-BaseT Round Trip Cable’Delay Bit 9 (RTCDB9, MSB)
u10 Reserved to T11

For the teniative Master, the value reported in the Unformatted Code field is the value of the 10-bit
roundtrip_cable_delay variable (see table 33).\For the tentative Slave, the value reported in the Unformatted
Code field ig 514.

8.4.5 Tenfative Operating Speed Determination

Each PHY shall advertise in thethird Unformatted Page the speeds it supports at the estimated cable
length. Thege speeds shall be a subset of the speeds indicated by the Fallback Speed bits of the Speed
Downshift register (see 9:5): The subset is selected to eliminate the speeds that the PHY does not support
based on thg estimated{cable length.
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The Unformatted Page encoding is shown in figure 37. The bits of the Unformatted Code field of the third
Unformatted Page have the semantic shown in table 32.

Table 32 — Unformatted code field of the third unformatted page

Bit Description

1b: 1GFC-BaseT supported
Ob: 1GFC-BaseT not supported

1b: 2GFC-BaseT supported
Ob: 2GFC-BaseT supported

1b: 4GFC-BaseT supported

uo

U1

U2

8.4.6 Configuration resolution

Since a local FC-BaseT PHY and a link partner may,support multiple configurations, a mg
resolve which one to use is necessary. This mechanism is called Configuration Resolution and
entrance to the FLP LINK GOOD CHECK state.of the Arbitration state diagram (see IEEE

GIU 4GFC'BGDCT IIUt DUPPUITCUI
U7 .. U3 | Reserved to T11
Requested link partner PCS Transmit encoding:

us 1b: Trellis coding requested
Ob: Schlafli Lattice coding requested

Requested link partner PMA training mode:
U9 1b: Periodic PMA training requested
Ob: Normal PMA training requested

1b: Other Data carried
Ob: Fibre Channel Data carried

u10

chanism to
is made on
802.3-2005,

figure 28-16). Configuration Resolution resolves the Master-Slave configuration, the transnpitter power

schedule, the Other Data configuration and.the tentative link operating speed as follows:

a)

b)

c)

Master-Slave configuration resolution: If the local and link partner Master-Slave Seed va
equal, the device with the higher seed value is configured as Master, the other one as
two seeds are equal the Master-Slave configuration resolution fails;

Transmitter power schedule resolution: The transmitter power schedule shall be selecte
20 using the cable fength estimate described in 8.4.4 for the cable length. If no valid cabl
timation has been determined, the transmitter power schedule resolution fails;

Other Data. eonfiguration resolution: If the value of the link partner Other Data bit is equa
Other Data-bit, the Other Data resolves to the common value. If the value of link partner
bit is different to the local Other Data bit then the Other Data resolution fails; and

JTentative link operating speed resolution: The highest advertised common speed shall
as the tentative link operating speed. Speeds are ordered from highest to lowest as follo

ues are not
BSlave. If the

 from table
e length es-

to the local
Other Data

be selected
VS

) 4GFC-Basel;
II) 2GFC-BaseT; and

1) 1GFC-BaseT.
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If the resolution of any of the Master-Slave configuration, the transmitter power schedule, the Other Data
configuration or the tentative link operating speed fails, Auto-Negotiation fails.

8.5 Speed downshift function

An FC-BaseT PHY uses an Auto-Negotiation Speed Downshift function to progressively fall back to
advertise lower speeds than its maximum capability if it fails to establish a link (see 6.2.4) after a successful

Auto-Negot
capabilities

iation. For Speed Downshift, the PHY first tries Auto-Negotiation by advertising its speed
in accordance with the Fallback Speeds bits in the Management Speed Downshift register and

the cable length estimate acquired during Auto-Negotiation, as described in 8.4.5. After three failed
attempts to establish the link, the PHY sets the highest supported speed of the Fallback Speeds bits to zero
and restarts the Auto-Negotiation process. This process continues through all supported speeds of the

Fallback Sp
starts again
Control regi

NOTE
Auto-N

tentatiy
8.6 State
State diagrd
T318.75 MHz
Ndelay linkp

Auto-Negoti
is T318.75 M

beds bits to the minimum supported speed. When there are no lower speeds to try the process
with the Fallback Speeds bits set to the values of the Host Speeds bits of the Management
ster.

10 - A failed attempt to establish a link in the context of the Speed Downshift function means-that
egotiation successfully completed but the PHY was unable to establish the link (see 6:2:4) at the
e link operating speed.

liagrams

ms are provided for the Clock Detect and Clock Loopback functions.

is the period of a 318,75 MHz clock with a maximum frequency-offset of £ 50 ppm.

ulse is the delay to the nearest integer between the arrival of the positive edge of an
ation clock link pulse and the assertion of the linkpulse.signal to true. The unit of measurement
Hz-
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The variables used in the state diagrams are shown in table 33.

Table 33 — Cable length estimation state variables (part 1 of 3)

Variable Description
ability_match See IEEE 802.3-2005, clause 28.3.
ack_finished See IEEE 802.3-2005, clause 28.3.
linkpulse See |IEEE 802.3-2005, clause 28.3.
TD_AUTONEG See IEEE 802.3-2005, clause 28.3.

Controls the exit from the CHECK CONSISTENCY state of the
Clock Detect state diagram. 1t is set to false on entry to the CHECK

CONSISTENCY state. It is subsequently set to true in this|state
once checking has been completed.
check_complete? This variable may assume the following values:
false: consistency check is not started or is notrcomplete (fefault);
or
true: indicates that the last received link pulse has been chgcked for
consistency and consistency ok has been‘updated accordingly.

Controls the enabling of the cable length estimation clock detection
circuit on receive pairs BI_DC and Bl_DD. Its value is true only
when the PHY is engaged in FC<BaseT Auto-Negotiation, the PHY
has resolved that it is the tehtative Master, the signal ability_match
clen_clock_detect_enable® P | has been set to true for thefirst Unformatted Page and thg signal
ack_finished has not yet been set to true for the first Unfoymatted
Page. This variable.may assume the following values:
false: disable cable length estimation clock detect circuit; or
true: enable cable length estimation clock detect circuit.

Controls the.enabling of the cable length estimation clock Ipopback
circuit. ItSyvalue is true only when the PHY is engaged in F¢-BaseT
Auto-Negotiation, the PHY has resolved that it is the tentative
Slave, the signal ability_match has been set to true for thq first
clen_clock_loopback_enable® | Unformatted Page and the signal ack_finished has not yet been set
to true for the first Unformatted Page.

This variable may assume the following values:
false: disable cable length estimation clock loopback circuft; or
true: enable cable length estimation clock loopback circuit|

Indicates that a valid link pulse has been detected on receive pair
BI_DC or BI_DD. This variable may assume the following jvalues:
false: linkpulse_on_cd is set to false after any Clock Detegt State
Diagram state transition (default); or
true: linkpulse_on_cd is set to true when a link pulse has lheen
received.

linkpulse_en:cd?

@ Variable set by its definition; not explicitly set in the state diagrams.

b The clock loopback and clock detect circuits are enabled using signals derived from Auto-Negotidtion. The

enable signals have been selected so that they synchronize the measurements between the two PHYs
and guarantee a minimum overlap of 5 FLP bursts with clock NLPs that may be looped back and detected.
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Table 33 — Cable length estimation state variables (part 2 of 3)

Variable Description

This variable is evaluated in the CHECK CONSISTENCY state and
is only valid if the signal check_complete = true. Itis used to indicate
the consistency of the last five detected link pulses. Link pulses are
consistent if the absolute value of the difference between the mean
delay of the pulses and the maximum and minimum delay of the
pulses is less than or equal to 3 x T31g.75 MHz- The delay of a link
pulse is calculated by measuring the time interval (in units of
T318.75 MHz) between the positive edge of a transmitted

H a
consistency_ok Auto-Negotiation clock NLP and positive edge of the looped back

clock NLP. This interval is then adjusted by 640 x T318.75 MHz t0
remove the fixed delay added by the link partner PHY.

This variable may assume the following values:

false: less than five link pulses have been detected or five or'more
link pulses have been detected and the last five are not consistent
(default); or

true: the last five link pulses are consistent.

This variable qualifies the Auto-negotiation linkpulse variable
indicating whether the current NLP is a clock pulse or not. This
variable is only valid when linkpulse is true.

This variable may assume the following/values:

false: indicates that the link pulse signaled by linkpulse is not a
clock pulse; or

true: indicates that the link pulse, signaled by linkpulse is a clock
pulse.

nlp_is_dock?®

If a valid estimate of the cable length has been made, this variable
is a measure of the roundtrip cable delay in units of T31g8.75 MHz- In
this case the value ofthe variable is the rounded and saturated
mean value of thexdelay of the five link pulses that caused
consistency_okto be set to true. Rounding is to the nearest positive
integer. Mean&alues greater than 511 shall be saturated to 511.
If no valid-estimate of the cable length has been made this variable
is used toindicate the reason why no estimate is available.
roundtrip_cable_delay?® Thisvariable is conveyed to the link partner in the second
Unformatted Page. This variable may assume the following values:
0 .. 511: valid estimate;

512: no_resolution. This is the value reported by a PHY if it was
unable to resolve the tentative Master-Slave relationship;

513: incomplete_estimate. This is the value reported by the
tentative Master to indicate unsuccessful cable length estimation;
514: no_estimate. This is the value reported by the Slave PHY;; or
515 .. 1023: reserved.

@ Varigbleset by its definition; not explicitly set in the state diagrams.

b The clock Toopback and ClOCK detect Cifcults are enabled using signals derived from Auto-INegotaton. The
enable signals have been selected so that they synchronize the measurements between the two PHYs
and guarantee a minimum overlap of 5 FLP bursts with clock NLPs that may be looped back and detected.
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Table 33 — Cable length estimation state variables (part 3 of 3)

Variable Description

Controls the signal sent by cable length estimation loopback circuit
to the link pulse generation circuit on transmit pair BI_DC.

This variable may assume the following values:

TD_CLEN_EST idle: cable length estimation prevents transmission of all link pulses
on the MDI for BI_DC; or

link_test_pulse: cable length estimation causes a single link pulse
to be transmitted on the MDI for transmit pair BI_DC.

Indicates if the Auto-Negotiation Transmit state machine (see IEEE
802-3-2005figure-28-14} is-in-the-state TRANSMIT CLOCK BIT.

This variable may assume the following values:
transmit_state is tx_clock_bit?| false: the Auto-negotiation Transmit state machine isot ip the
state TRANSMIT CLOCK BIT; or
true: the Auto-negotiation Transmit state machine'is in the state
TRANSMIT CLOCK BIT.

@ Variable set by its definition; not explicitly set in the state diagrams.

b The clock loopback and clock detect circuits are enabled using signals derived from Auto-Negotidtion. The
enable signals have been selected so that they synchronize the measurements between the twg PHYs
and guarantee a minimum overlap of 5 FLP bursts with clock NLPs/that may be looped back and|detected.

The timers used in the state diagrams are shown in table 34.

Table 34 — Cable length estimation timers

Timer Description

Timer for theqmaximum time between transmitting a clock link pulse
on transmitpair Bl_DA and detecting the return link pulse on receive
clock_pulse_detect_max_timer| pair BI_DC or BI_DD.
This timer shall expire (1 372 - Ngelay linkpuise) X T318.75 MHz after
being started.

Timer for the minimum time between transmitting a clock link pulse
on transmit pair Bl_DA and detecting the return link pulse on receive
clock_pulse_detect_min_titner | pair BI_DC or Bl_DD.
This timer shall expire (630 - Ngejay linkpulse) X T318.75 MHz[after
being started.

Timer for measuring the time duration between transmitting a clock
link pulse on transmit pair Bl_DA and detecting the return link pulse
clock_pulse ‘stopwatch_timer | on receive pair BI_DC or Bl_DD.
The timer shall expire (1 372 - Ngelay linkpulse) X T318.75 MH after
being started.

Timer to ensure a fixed delay between the rising positive edge of a
received NLP clock pulse and the rising positive edge of a
retransmitted NLP pulse. The timer shall take into account the

delay_pulse_timer latency of the link pulse detection and the transmitter so that there
is a fixed latency of (640 +2) x T315.75 mHz between the positive
edge of the link pulse appearing at the MDI and the positive edge of
the link pulse being retransmitted at the MDI.
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