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bdata = max(bdata, -2"(m-1));

idx n = find(bdata < 0);
rdata = bdata;
rdata(idx_n) = 2”m + rdata(idx_n);

rdata = bitand(rdata, 2"m - 1);

% FixFixed-point to floating-point formal definition
% Parameters—Parameters:

% rdata—rdata: Row data in fixfixed-point

% m—m : Word length # of bits

% AN : Integer part # of bits, including sign
% faata—1fdata: FleatFloating-point format

function fdata = fix2float (rdata, m, n)

% Sign extension

bdata = bitand(rdata, 2"m - 1);

idx n = find(bitand(bdata, 2" (m-1)) ~= 0);
bdata(idx n) = bdata(idx n) - 2"m;

% Fix to float conversion
fdata = bdata / (2" (m - n));

114.3.5 GleckTFoleranece
114.4 OAM channel

The opt10na1 OAM (Operatlons Adnnnlstratlon and Management) channel Weqmicemen%feesemeﬁapph-

e-g hannel-provides a mecha-
nism to rehably exchange messages between m&nagemen%en{ﬂy%ME}Management Entity peers residing-in
attached to link partners. The OAM message exchange does not impact the normal data transmission GMII
to GMII. Moreover, OAM message exchange is not affected by EEE operation.

The format of OAM messages are-is not specified in this standard-but-may-be-speeified-for-speetfic-apphea-
tiensstandard. OAM message exchange occurs in the Physical Coding Sublayer (PCS), as part of the Physi-

cal Header Data (PHD)--.

The OAM channel is-a—peer-to-peer—communication—eapabiity—Fhe—channelutilizes OAM transmit and

receive registers accessible via the MDIO as well as capabilities specified in the following channel descrip-

tions. All MDIO accessible registers and-bits-in-the-foHowing-deseription-are specified in clauses 45.2.3.48-
A-eomprehensive-speetfieation-of the-OAM-ehannel-folows and 45.2.3.49.
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The OAM channel uses several control bits (MSGT, MERT, PHYT) for message identification, message

delivery notification and for flow control.

114.4.3 OAM message transmission protocol

Whenever-When the Management Entity attached-connected to the local PHY swishes-needs to transmit a
new message;-message it shall proceed asfeHewsfollowing the next steps:

1) Step+-Wait until TXO_REQ bit +5-of register 3.500 (FXREQ™)-is zero, which indicates that the
OAM Fx-transmit registers are free and that a new OAM message can be aceepted-by-theloeal
PHYfortransmisstonwritten.

2)  Step2:=-Write the 128 user data bits of the OAM message into OAM-DATALtregister 3.501 through
OAM-DATAStransmitregisters3.508.
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3)  Write the OAM message data type to TXO_TYPE bits of register 3.500, setting bit TXO REQ to
one at the same time to request the transmission of the new message.

When the local PHY accepts the message for transmission it shall noltify it to the local Management Entity

by setting to zero bit TXO_REQ of register 3.500. Simultaneously it shall also perform the following opera-
tions:

1) It shall toggle bit TXO MSGT bit of 3.500 register, and copy the new toggled value to
PHD.OAM.MSGT field of the PHD.

2) It shall copy the rest of the message to the PHD. Bits TXO_TYPE of register 3.500 shall be copied

to PHD.OAM.TYPE field of the PHD. Contents of registers 3.501 through 3.508 shall be copied to
PHD.OAM.DATA1 through PHD.OAM.DATAS fields of the PHD.
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Table 114—4—L.ist of all possible OAM channel status

12th July 2015

TXREQ | PHYT | MERT | MSGT Message K+1 Message KStatus Message K-1
Status Status
0 a a a Not sent Sent Sent
ACK by remote ACK by remote
PHY PHY
ACK by remote ME | ACK by remote ME
0 ~a ~a a Not sent Sent Sent
ACK by remote ACK by remote
PHY PHY
ACK by remote ME | ACK by remote ME
0 a ~a a Not sent Sent Sent
ACK by remote ACK by remote
PHY PHY
ACK by remote ME | ACK by remote ME
0 ~a a a Not sent Sent Sent
ACK by remote ACK by remote
PHY PHY
ACK by remote ME | ACK by remote ME
1 a a a Written by local Sent Sent
ME ACK by remote ACK by remote
Pending transmis- PHY PHY
sion by local PHY ACK by remote ME | ACK by remote ME
1 ~a ~a a Written by local Sent Sent
ME ACK by remote ACK by remote
Pending transmis- PHY PHY
sion by local PHY ACK by remote ME | ACK by remote ME
1 a ~a a Written by local Sent Sent
ME ACK by remote ACK by remote
Pending transmis- PHY PHY
sion by local PHY ACK by remote ME | ACK by remote ME
1 ~a a a Written by local Sent Sent
ME ACK by remote ACK by remote
Pending transmis- PHY PHY
sion by local PHY ACK by remote ME | ACK by remote ME

The local PHY shall not accept a new message for transmission until the previous OAM message has been
accepted by the remote PHY. This happens when PHD.OAM.PHYT field of the last correctly received PHD

is equal to PHD.OAM.MERT field of the PHD being transmitted by the local PHY.

Upon PHY reset, all the fields in the PHD dedicated to OAM channel implementation and all the bits in the
MDIO OAM transmit registers shall be set to 0.

The fields PHD.OAM.MSGT, PHD.OAM.TYPE and PHD.OAM.DATAX of the PHD shall always maintain
the values corresponding to the last message accepted by the local PHY for transmission, or the reset value if
either OAM is not enabled or no message has been accepted for transmission since the last PHY reset.
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114.4.5 OAM message reception protocol

When the local PHY receives a new message on a correctly received PHD and the OAM receive registers

are free, it shall copy the content of the new message to the OAM receive registers. It shall also perform the
following operations:

1) It shall set to one RXO VAL bit of register 3.509 to indicate the presence of a new message in the
OAM receive registers to the Management Entity attached to the PHY.

2) It shall copy the value of MSGT bit of the new receive OAM message to the PHD.OAM.PHYT field
of the transmit PHD to indicate the remote PHY that the new message has been copied to the OAM
receive registers and is available for processing by the Management Entity attached to the PHY.

When the Management Entity connected to the local PHY needs to read a new OAM message it shall pro-
ceed following the next steps:
1)  Wait until RXO VAL bit of register 3.509 is one, which indicates that a new OAM message is pres-
ent on the OAM receive registers. When RXO VAL is one, the management Entity will capture the
RXO MSGT and RXO TYPE bits of the new OAM message, as they are also stored in register
3.509.

2)  Read the rest of the message which is stored in registers 3.510 to 3.517. To guarantee the integrity of

the OAM message register 3.517 should be the last register to be accessed by the Management
Entity. This is because the read of register 3.517 triggers the read acknowledge of the Message to the

remote partner, and the local PHY might update the OAM receive registers with a new OAM mes-
sage right after register 3.517 is read.

When the local Management Entity processes the message by first reading register 3.509 having bit
RXO VAL set to one, and then reading register 3.517, the local PHY shall notify it to the remote PHY by

copying the MSGT bit of the message that has been read by the Management Entity to PHD.OAM.MERT
field of the transmit PHD.

Upon PHY reset, fields PHD.OAM.PHYT, PHD.OAM.MERT and all the bits of the OAM receive registers
shall be reset to zero.

The field PHD.OAM.PHYT of the PHD shall always maintain the value corresponding to the last message
copied to the OAM receive registers, or zero when OAM is disabled or no message has been copied to OAM

receive registers since last PHY reset.

The field PHD.OAM.MERT of the PHD shall always maintain the value corresponding to the last message
processed by the Management Entity, or zero when OAM is disabled or no message has been processed by
the Management Entity since last PHY reset.

114.4.6 OAM channel state diagrams descriptions
114.4.6.1 OAM Tx control state -:diagram

The OAM transmit state diagram that governs PHY OAM transmission shall be implemented as shown in
Figure 114-82.

Upon reset, disconnection of the PMA from the PMD or determination of an unreliable PHD eemmuni-
eat3-503-50ten-communication link, OAM Tx registers are reset (OAMTX_ RESET state). Moreover, the
transmitted PHD shall have all the fields reserved for OAM messages transmission set to 0.

Once the transmission and reception of PHD blocks is reliable (rcvr_hdr_lock = OK), and OAM channel is
enabled, the local PHY waits for a new OAM message transmission request from the local MEManagement
Entity. Meanwhile, whenever a new PHD block is correctly received from the remote PHY, the local PHY
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pma_reset = ON +
link_control # ENABLE +
revr_hdr_lock = NOT_OK

OAMTX_RESET

txr_txreq <= 0
txr_mert <0
txr_phyt <0
txr_msgt < 0
txr_oamudata < 0
txphd_oamudata < 0
txphd_msgt < 0

revr_hdr_lock = OK*
| oam_cap = TRUE

OAMTX_NEWMSG_WAIT

rxphd_phyt = txphd_msgt

new_rxphd_event = TRUE *
hdr_crc16_status = OK txr_mert < rxphd_mert

txr_phyt < rxphd_phyt
new_rxphd_event = TRUE *

hdr_crc16_status = OK
txr_txreq =1

’ " ﬁ
OAMTX_TRANSMIT ueT OAMTX_PHYT_WAIT

txphd_msgt & ~txr_msgt txr_mert < rxphd_mert

txr_msgt < ~txr_msgt txr_phyt < rxphd_phyt

txr_txreq <0

txphd_oamudat < txr_oamudat |—

Figure 114-82—PHY OAM Tx control state diagram

shall update the value of TXO_MERT bit of PHY- MERTefthe TXOAM-CTREregister 3.500 with that of
the received PHD.OAM.MERT bit and PHYT-TXO PHYT bit of register 3.500 with that of the received
PHD.OAM.PHYT bit. By doing so, the local PHY notifies the attached ME-Management Entity of the status
of current and previous transmissions. This corresponds to OAMTX NEWMSG_ WAIT state.

As soon as the first OAM message transmission is requested by the local ME-Management Entity (te—txreq
=txr_txreq = 1), the local PHY accept it, entering the OAMTX_ TRANSMIT state. This causes the content
of the—eight- OAM-DATAxtransmit registers 3.501 to 3.508 and the 12-bit FXOAMHBR-TXO TYPE
field of theTFXOAM-CTRE—register are—transmitted—within—3.500 to be copied to the corresponding
PHD.OAM.DATAx and PHD.OAM.HBR-TYPE fields of the transmitted PHD. AddittenalySimultane-
_sly the-bit PHD OAM MSGT b-l-t—lS toggled as—the—&a—nsm—nssteﬂ—and comed to bit TXO MSGT of anew

§ eglste

3 500, %he%eal—PH%LshaH—tegg}e%é@AngPRIrfegﬁteHﬁEMSG%and set—trhe—T%éREQ—blt TXO_REQ of
register 3.500 is cleared to Ozero. Thus, the local PHY indicates to the attached ME the MSGT assigned to

the message and also that the OAM Tx registers are free to accept a new message.

From then on, the local PHY shall keep transmitting the same OAM message within the PHD until the
remote PHY acknowledges its reception (OAMTX PHYT WAIT state). Simultaneously, whenever a new
PHD block is correctly received from the remote PHY, the local PHY shall update the value of PHYF
TXO _PHYT and MERF-TXO MERT of the FXOAM—CTFRE-register 3.500 with reeeived-the value of
fields PHD.OAM.PHYT and PHD.OAM.MERT of the received PHD. As soon as the OAM message that is
being currently transmitted within the PHD is acknowledged by the remote PHY, the local PHY can accept
anew OAM message for transmission. The transition from state OAMTX PHYT WAIT to state OAMTX-
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_NEWMSG WAIT occurs when the field PHD.OAM.PHYT of the received PHD takes the same value as
that of the field PHD.OAM.MSGT of the transmitted PHD (sxphd—phyt—=rxphd phyt = txphd msgt)-.

pma_reset = ON +
link_control # ENABLE +
rovr_hdr_lock = NOT_OK

OAMTX_RESET

ir_tereg 4= 0
or_medn = 0
br_phyt <= 0
br_msgt <=0
tr_oamudata <= 0
tphd_oamudata = 0

phd_msgt <=0
—l roNT_hdr_lack = OK
OAMTX_NEWMSG_WAIT
- _ h at
new_mphd_event = TRUE * |, ™phd_phyt = bphd,_msgt
hdr_crc16_status = OK bo_mer <= rxphd_mart
Ler_phyt &= rephd_phyt

l tr_treq = 1

b

OAMTX_TRANSMIT uer OAMTX_PHYT_WAIT
L T 1 new_ngphd_avent = TRUE *
tophad_mesgt 4= ~tr_masgt tr_mer <= ngphd_meart hdr_crci6 status = OK
tr_magt & ~r_magt Lir_phiyl €= rephd_pt
tar_txreq <=0

txphd_oamudat <= txr_oamudat |

Figure 114—83—PHY OAM Tx control state diagram

Fhe-All the variables used in the state diagram efFigure+H4—82-that have not been previously introduced
are defined asfellowsin 114.4.6.2.

114.4.6.2 OAM Tx control state variables

oam_ca
Controls the enable of OAM channel functionality. This variable is set to TRUE when
PHD.CAP.OAM of both transmit and receive PHD is TRUE. Otherwise it is FALSE.
Values: TRUE: both local and remote PHY have OAM ability and OAM functionality is
enabled in both PHY's
FALSE: either local or remote PHY do not have OAM ability or it is disabled

txr_txreq
Value of FXOAM-CTRETFXREQ-bitTXO REQ bit of register 3.500. It indicates whether the
local ME is requesting the transmission of a new OAM message.
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Values: 0: there is no message transmission request from the local ME
1: the local ME has written a new message into the OAM Fxtransmit registers
and-is-and
is requesting the local PHY to transmit it
txr msgt
Value of FXOAMCTRETXMSGTb#TXO MSGT bit of register 3.500. This bit is written
by-the-OAM-Txupdated in OAMTX TRANSMIT state —to reflect the toggle bit of the mes-
sage being {ertast)-sent by the local PHY--.
Values: It alternates between values 0 and 1
txr_phyt
Value of TXO PHYT bit FXOAM-CFREPHY T bitof register 3.500. This bit is writtenby
the-OAM-Tx-updated in OAMTX TRANSMIT state —to reflect the identifier of the last mes-
sage that has been acknowledged by the remote PHY.
Values: It alternates between values 0 and 1
txr_mert

Value of TXO MERT bit FXOAM-CFREMERTof register 3.500. This bit is writtenby-the
OAM-Txupdated in OAMTX TRANSMIT state —to reflect the identifier of the last message
that has been acknowledged by the remote ME.
Values: It alternates between values 0 and 1

txr_oamudat
OAM message data written in OAM transmit registers 3.501 to 3.508 and to be-transmitted—t

is-the-ceneatenation-field TXO TYPE of the- OAMDATA - through-OAM - DATAS transmit

registersregister 3.500.
Values: Any value

txphd_msgt
Identifier of the message being transmitted by the local PHY. It corresponds to field
PHD.OAM.MSGT of the PHD.
Values: It alternates between values 0 and 1
txphd_oamudat
Content of the PHD fields PHD.OAM.HBR-TYPE and PHD.OAM.DATAX being transmitted

by the local PHY.
Values: Any value
rxphd phyt
Content of the field PHD.OAM.PHYT of the last PHD that has been correctly received by the
local PHY.
Values: It alternates between values 0 and 1
rxphd_mert
Content of the field PHD.OAM.MERT of the last PHD that has been correctly received by the
local PHY.
Values: It alternates between values 0 and 1
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oK . . .
Feati )

114.4.6.3 OAM Rx control state diagram

The OAM receive state diagram that governs PHY OAM reception shall be implemented as is shown in
Figure 114-84.

link_control # ENABLE +

pma_reset = ON +
revr_hdr_lock = NOT_OK l

OAMRX_RESET

rxr_rxval <=0
txphd_phyt <= 0
txphd_mert < 0
rxr_msgt < 0
rxr_oamudat < 0

revr_hdr_lock = OK*
|, oam_cap = TRUE

OAMRX_NEWMSG_WAIT

new_rxphd_event = TRUE *
hdr_crc16_status = OK

ucT rxphd_msgt # rxr_msgt
OAMRX_MERT_UPDT OAMRX_RXR_UPDT
txphd_mert <= rxr_msgt rxr_rxval < 1
rxr_rxval <0 rxr_msgt < rxphd_msgt
y rxr_oamudat < rxphd_oamudat
txphd_phyt ¢ rxphd_msgt

OAMRX_RXR_LOCK

read_RXOAM_DATA8_event = TRUE read_RXOAM_CTRL_event = TRUE

Figure 114-84—PHY OAM Rx control state diagram

Upon reset, disconnection of the PMA from the PMD or determination of an unreliable PHD, OAM Rx
receive registers are reset (OAMRX RESET state). Moreover, transmitbits settoreeeived-OAM-values-val-
#es-PHD.OAM.MERT and PHD.OAM.PHYT shall also be set to 8zero.

Once the transmission and reception of PHD blocks is reliable (revr—hdi—teek—rcvr_hdr lock = OK), the
local PHY waits until the field PHD.OAM.MSGT of a correctly received PHD block takes a value that is
different from that of the RXO_MSGT bit FXOAM-CTREbitMSGTof register 3.509. This indicates that a
new OAM message has been received from the remote PHY. As soon as this event occurs, transition from
state OAMRX NEWMSG WAIT to state OAMRX RXR UPDT takes place.

In the state OAMRX RXR UPDT, the content of the fields PHD.OAM.DATAx and PHD.OAM.HBR
TYPE of the received PHD are and stored in the-eorresponding- OAM-—DATAXOAM receive registers; reg-
isters 3.510 to 3.517 and the42-bit RXOAM—HDR-field RXO_TYPE of RXOAM—CTRE-s-alse-validregis-
ter 3.509. Fhe RXMSGT-Simultancously bit RXO VAL of RXOAM—CTRE-register 3.509 is set to the

recetved—PHDP—one, and field RXO MSGT of register 3.509 is updated with value of field
PHD.OAMMSGT field;—which—is—used—for—message—identification—The—toeal PHY —also—sets—of the
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R o eg DIV A S o—matcate—tnat-ahewOA Aavirm age re—1k—parth
availablereceived PHD. Additionally, the local PHY shall notify the remote hnlepartner-PHY of the recep-
tion of the message by assigning-setting the field PHD.OAM.PHYT of the transmit PHD to the value of the
reeetved PHD-PHD.OAM.MSGT #ield-of the received PHD (txphd_phyt <= rxphd msgt).

R 1ctar hit P A o—inds O-AN

Vi

OAMRX RXR UPDT state exits when register 3.509 is read (read OAMCTRL _event = TRUE). The

RXO_VAL bit being equal to one indicates to the local Management Entity that a new message is available
in the OAM receive registers. The local PHY locks these registers (transition to OAMRX RXR LOCK

state) until register 3.517 is read (read OAMDATAS_event = TRUE). This event is the acknowledgment by
the local Management Entity that the OAM message has been successfully received. Thus, state
OAMRX MERT UPDT sets bit RXO VAL of register 3.509 to zero indicating that no valid message is
stored in the OAM receive registers. Moreover, the local PHY shall notify the reception of the message by

the local management entity by assigning field PHD.OAM.MERT of the transmit PHD to the value of
RXO_MSGT bit of register 3.509 (txphd mert < rxr_msgt).
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The local PHY then again-waits for a new message to be received (OAMRX NEWMSG WAIT)—.

pma_reset = ON +
link_control # ENABLE +
revr_hdr_lock = NOT_OK

OAMRX_RESET

rr_reval <= 0
txphd_phyt <= 0
txphd _mert <0
mr_msgt <= 0
rr_oamudat <= 0

revr_hdr_lock = OK

OAMRX_NEWMSG_WAIT

new_rxphd_event = TRUE *
hdr_crci6_status = OK

ucT rxphd_msgt # mr_msgt
OAMRX_MERT UPDT OAMRX_RXR_UPDT
txphd_mert <= rxr_msgt rer_reval += 1
r_meval <= 0 rdr_msgt < rphd_msgt
mr_oamudat < mphd_ocamudat
txphd_phyt <= rxphd_msgt

OAMRX_RXR_LOCK

read_RXOAM_DATA8 = TRUE read_ RXOAM_CTRL = TRUE

Figure 114-85—PHY OAM Rx control state diagram

Fhe-All the variables used in the state diagram Figure1H4—84-that have not been previously introduced as
foltews:are defined in 114.4.6.4

114.4.6.4 OAM Rx control state variables

rxr_rxval
Value of RXOAM—CTRE-RXO VAL bit of register bitRXVAL3.509. This bits-bit indicates
the presence of a valid message in the OAM Rxreceive registers.
Values: 1: there is a valid message in the Rx-receive registers, which is pending preeess-

ing-byprocessing

-by the local MEManagement Entity
0: there is no valid message in the Rx-receive registers

rxr_msgt
Value of RXOAM-CTRE-RXO MSGT bit of register bi+-MSGTF3.509. This bit is the toggle
bit identifier of the message contained in the RxOAM receive registers.
Values: It alternates between values 0 and 1
rxr_oamudat
The received OAM message data. It is the eeneatenation—content of registers 3.510 to 3.517,
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and field RXO_TYPE of the OAM-DATAI-threugh- OAM-DATAS reeetveregistersregister
3.509.

Values: Any value
txphd_phyt
Value of the PHD field PHD.OAM.PHYT being transmitted by the local PHY. It indicates to
the remote PHY the PHB-OAM-MSGTtoggle bit identifier of the last valid message written to
the Recreceive registers.
Values: It alternates between values 0 and 1
txphd_mert
Content of the PHD field PHD.OAM.MERT being transmitted by the local PHY. It informs
the remote PHY whieh-is-the toggle bit identifier of the last message that has been received by
the local MEManagement Entity.
Values: It alternates between values 0 and 1
rxphd_msgt
Value of the PHD field PHD.OAM.MSGT of the last valid received PHD. It contains the tog-
gle bit identifier of the OAM message carried in that PHD.
Values: It alternates between values 0 and 1
rxphd oamudat
Content of fields PHD.OAM.HBR-TYPE and PHD.OAM.DATAX of the last PHD correctly
received by the local PHY. It is the payload of the OAM message.
Values: Any value
read RXOAM_CTRL event
Event to indicate that the OAM receive register RXOAM—-CTRE-3.509 has been read.
Values: TRUE: register RXOAM—-CTRIE-3.509 has been read
FALSE: register RXOAM—-CTRIE-3.509 has not been read
read RXOAM_DATAS8 event
Event to indicate that the OAM receive register OAMDATFAS-3.517 has been read.
Values: TRUE: register RXOAM-DATFASL-3.517 has been read
FALSE: register RXOAM-DATAL-3.517 has not been read

114.5 Energy Efficient Ethernet (EEE)

Each PHY thatsupperts-EEE-shall advertise its EEE capability when-it-is-eonneeted-to a-the link by-setting
partner in the +-bit-field PHD.CAP.LPI of-thePhysical Header Data—as one (PHDsee Table 114-2) te—+
when the local PHY implements EEE and it is enabled (see Fable+44-—345.2.3.50.4). EEE functionality
shall be enabled when both link partners indicate PHD.CAP.LPI = 1. PHD.CAP.LPI = 1 advertisement indi-
cates to the link partner that the local PHY can generate Transmit Blocks according to LPI mode of opera-
tion and it is able to accept Transmit Blocks from the link partner that conform to LPI operation-.

If the link partner PHY does not advertise EEE capability (PHD.CAP.LPI = 0), then the link will
always operate in normal mode in both transmit and receive directions even if “Assert LPI” encod-
ing is detected on the GMII. Therefore, when two link partners do not agree on enabling LPI capa-
bility, the PCS encoding will be transparent alewing-carrying the LPI signaling GMII to GMII,
but the PHY will not enter quiet mode.

As shown in Figare H4—87Figure 114-86, 1000BASE-H LPI mode consists of alternating refresh and quiet
periods. Refresh is provided by transmitting all the pilot and physical header sub-blocks; and quiet is pro-
vided by suspending transmission of the payload data sub-blocks. In quiet periods, the local PHY may turn
off much of the PCS, PMA and PMD transmitter. No (er-minimab-optical power is injected into the fiber
during these periods of quiet resulting in reduced power consumption. Quiet shall not be entered or exited in
the middle of a payload data sub-block--.
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