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Goals

* Leverage as much of Clause 149 OAM text and state
machines as possible

* Preserve state machines but redefine the meaning of a few variables

* Introduce a framing layer for symbol serialization and
deserialization

* Balance being efficient without complicating implementation
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Clause 149 OAM Frame

 10-bit symbol sent per PCS RS-
Frame

 10-bit symbol sent per EEE Refresh
« OAM RS(16, 14, GF(219))
 Correction Optional

e Useful only when symbols sent
during EEE refresh

e RS encoder size on the order of a 20-
bit CRC generator

D8 used for framing the 16 symbols
* D9settoO
* Parity computed on 10-bit symbols
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Symbol 0
Symbeol 1
Symbol 2
Symbol 3
Symbol 4
Symbol 5
Symbol &
Symbol 7
Symbol 8
Symbol 9
Symbol 10
Symbol 11
Symbol 12
Symbol 13
Symbol 14
Symbol 15

D9 D& o7 D6 D5 D4 D3 D2 D1 Do
Reserved 0 Reserved | Reserved| Reserved |Reserved | PingRx | PingTx | SNR<1>|SNR<0=>
Reserved 1 Valid Toggle Ack Toghck Message Mumber<3:0>
Reserved 1 Message<0><7.0>
Reserved 1 Message<1=<7-0>
Reserved 1 Message<2><7:0>
Reserved 1 Message<3><7.0>
Reserved 1 Message<4=<7-0>
Reserved 1 Message<b><7:0>
Reserved 1 Message<6><7:0>
Reserved 1 Message<7=<7:0>
Reserved 1 Message<8><7:0>
Reserved 1 Message<9><7:0>
Reserved 1 Message<10=<7:.0>
Reserved 1 Message<11><7:0>

RS(16,14) parity

RS(16,14) parity

Figure 149-22—0AM frame
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Issue for Baselined PCS

 Each PCS RS-Frame carries only 1 bit and not one 10-bit symbol

 Need to frame serialized bit stream of 160 bits and not just 16 10-bit symbols

* Reserved bits are not used, so be more efficient and just send 144 bits per OAM
frame. (Don’t transmit D9 and some D8)

e (Clause 149 OAM frame re-annotated below

D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Symbol 0 0 0 Res7 Res6 Res5 Res4 PingRx PingTx SNR<1> SNR<0>

Symbol 1 0 1 Valid Toggle Ack TogAck MsgNum<3>| MsgNum<2>[ MsgNum<1>| MsgNum<0>
Symbol 2 0 1 M<0><7> | Msg<0><6> [ Msg<0><5> [ Msg<0><4> | Msg<0><3> | Msg<0><2> | Msg<0><1> [ Msg<0><0>
Symbol 3 0 1 Msg<1><7> | Msg<1><6> | Msg<1><5> | Msg<1><4> [ Msg<1><3> [ Msg<1><2> | Msg<1><1> | Msg<1><0>
Symbol 4 0 1 Msg<2><7> | Msg<2><6> | Msg<2><5> [ Msg<2><4> | Msg<2><3> | Msg<2><2> | Msg<2><1> | Msg<2><0>
Symbol 5 0 1 Msg<3><7> [ Msg<3><6> | Msg<3><5> | Msg<3><4> | Msg<3><3> | Msg<3><2> [ Msg<3><1> [ Msg<3><0>
Symbol 6 0 1 Msg<d><7> [ Msg<d><6> | Msg<4><5> | Msg<4><4> | Msg<4><3> | Msg<4><2> [ Msg<4><1> [ Msg<4><0>
Symbol 7 0 1 Msg<5><7> [ Msg<5><6> | Msg<5><5> | Msg<5><4> | Msg<5><3> | Msg<5><2> [ Msg<5><1> [ Msg<5><0>
Symbol 8 0 1 Msg<6><7> [ Msg<6><6> | Msg<6><5> | Msg<6><4> | Msg<6><3> | Msg<6><2> [ Msg<6><1> [ Msg<6><0>
Symbol 9 0 1 Msg<7><7> [ Msg<7><6> | Msg<7><5> | Msg<7><4> | Msg<7><3> | Msg<7><2> | Msg<7><1> [ Msg<7><0>
Symbol 10 0 1 Msg<8><7> [ Msg<8><6> [ Msg<8><5> | Msg<8><4> | Msg<8><3> | Msg<8><2> | Msg<8><1> [ Msg<8><0>
Symbol 11 0 1 Msg<9><7> [ Msg<9><6> | Msg<9><5> | Msg<9><4> | Msg<9><3> | Msg<9><2> [ Msg<9><1> [ Msg<9><0>
Symbol 12 0 1 Msg<10><7>|Msg<10><6>[Msg<10><5>|Msg<10><4>|Msg<10><3>[Msg<10><2>|Msg<10><1>|Msg<10><0>
Symbol 13 0 1 Msg<11><7>|Msg<11><6>[Msg<11><5>[Msg<11><4>|Msg<11><3>|Msg<11><2>|Msg<11><1>|Msg<11><0>
Symbol 14 P<1><9> P<1><8> P<1><7> P<1><6> P<1><5> P<1><4> P<1><3> P<1><2> P<1><1> P<1><0>

Symbol 15 P<0><9> P<0><8> P<0><7> P<0><6> P<0><5> P<0><4> P<0><3> P<0><2> P<0><1> P<0><0>
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The 144 Serialized Bits Transmitted

e Compact 160 bits to 144 bits

e Serialize only the lower 9 bits of each symbol for the first 12 symbols

e Serialize only the lower 8 bits for the next 2 symbols

* Serialize the two 10-bit parity symbols

e Transmit order shown below

1st bit 9th bit
transmitted transmitted
1st row transmitted 0 Res7 Res6 Res5 Res4 PingRx PingTx SNR<1> SNR<0>
1 Valid Toggle Ack TogAck MsgNum<3> MsgNum<2> MsgNum<1> MsgNum<0>
1 M<0><7> Msg<0><6> Msg<0><5> Msg<0><4> Msg<0><3> Msg<0><2> Msg<0><1> Msg<0><0>
1 Msg<1><7> Msg<1><6> Msg<1><5> Msg<1><4> Msg<1><3> Msg<1><2> Msg<1><1> Msg<1><0>
1 Msg<2><7> Msg<2><6> Msg<2><5> Msg<2><4> Msg<2><3> Msg<2><2> Msg<2><1> Msg<2><0>
1 Msg<3><7> Msg<3><6> Msg<3><5> Msg<3><4> Msg<3><3> Msg<3><2> Msg<3><1> Msg<3><0>
1 Msg<4><7> Msg<4><6> Msg<4><5> Msg<4><4> Msg<4><3> Msg<4><2> Msg<4><1> Msg<4><0>
1 Msg<5><7> Msg<5><6> Msg<5><5> Msg<5><4> Msg<5><3> Msg<5><2> Msg<5><1> Msg<5><0>
1 Msg<6><7> Msg<6><6> Msg<6><5> Msg<6><4> Msg<6><3> Msg<6><2> Msg<6><1> Msg<6><0>
1 Msg<7><7> Msg<7><6> Msg<7><5> Msg<7><4> Msg<7><3> Msg<7><2> Msg<7><1> Msg<7><0>
1 Msg<8><7> Msg<8><6> Msg<8><5> Msg<8><4> Msg<8><3> Msg<8><2> Msg<8><1> Msg<8><0>
1 Msg<9><7> Msg<9><6> Msg<9><5> Msg<9><4> Msg<9><3> Msg<9><2> Msg<9><1> Msg<9><0>
Msg<10><7> Msg<10><6> Msg<10><5> Msg<10><4> Msg<10><3> Msg<10><2> Msg<10><1> Msg<10><0> Msg<11><7>
Msg<11><6> Msg<11><5> Msg<11><4> Msg<11><3> Msg<11><2> Msg<11><1> Msg<11><0> P<1><9> P<1><8>
P<1><7> P<1><6> P<1><5> P<1><4> P<1><3> P<1><2> P<1><1> P<1><0> P<0><9>
16th row transmitter P<0><8> P<0><7> P<0><6> P<0><5> P<0><4> P<0><3> P<0><2> P<0><1> P<0><0>
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Finding the OAM Frame Boundary

* Take every 9t bit and search for 0111 1111 1111 xxxx pattern.
* Once pattern match check the parity. If good then assume locked

 Otherwise offset 1 bit and try searching for the pattern again

* Once locked — deserialize and expand to present 10-bit symbols

1st bit 9th bit
—transiaieet— transmitted
1st row transmitted 0 Res7 Res6 Res5 Res4 PingRx PingTx SNR<1> SNR<0>
1 Valid Toggle Ack TogAck MsgNum<3> MsgNum<2> MsgNum<1> MsgNum<0>
1 M<0><7> Msg<0><6> Msg<0><5> Msg<0><4> Msg<0><3> Msg<0><2> Msg<0><1> Msg<0><0>
1 Msg<1><7> Msg<1><6> Msg<1><5> Msg<1><4> Msg<1><3> Msg<1><2> Msg<1><1> Msg<1><0>
1 Msg<2><7> Msg<2><6> Msg<2><5> Msg<2><4> Msg<2><3> Msg<2><2> Msg<2><1> Msg<2><0>
1 Msg<3><7> Msg<3><6> Msg<3><5> Msg<3><4> Msg<3><3> Msg<3><2> Msg<3><1> Msg<3><0>
1 Msg<4><7> Msg<4><6> Msg<4><5> Msg<4><4> Msg<4><3> Msg<4><2> Msg<4><1> Msg<4><0>
1 Msg<5><7> Msg<5><6> Msg<5><5> Msg<5><4> Msg<5><3> Msg<5><2> Msg<5><1> Msg<5><0>
1 Msg<6><7> Msg<6><6> Msg<6><5> Msg<6><4> Msg<6><3> Msg<6><2> Msg<6><1> Msg<6><0>
1 Msg<7><7> Msg<7><6> Msg<7><5> Msg<7><4> Msg<7><3> Msg<7><2> Msg<7><1> Msg<7><0>
1 Msg<8><7> Msg<8><6> Msg<8><5> Msg<8><4> Msg<8><3> Msg<8><2> Msg<8><1> Msg<8><0>
1 Msg<9><7> Msg<9><6> Msg<9><5> Msg<9><4> Msg<9><3> Msg<9><2> Msg<9><1> Msg<9><0>
Msg<10><7> Msg<10><6> Msg<10><5> Msg<10><4> Msg<10><3> Msg<10><2> Msg<10><1> Msg<10><0> Msg<11><7>
Msg<11><6> Msg<11><5> Msg<11><4> Msg<11><3> Msg<11><2> Msg<11><1> Msg<11><0> P<1><9> P<1><8>
P<1><7> P<1><6> P<1><5> P<1><4> P<1><3> P<1><2> P<1><1> P<1><0> P<0><9>
16th row transmitter P<0><8> P<0><7> P<0><6> P<0><5> P<0><4> P<0><3> P<0><2> P<0><1> P<0><0>
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Clause 149 tx boundary Variable Redefinition

 tx_boundary is asserted once every 9, 9, 9, 9,
9,9,9,9,9,9,09,09,8, 8,10, 10 PCS RS-
Frames.

* |n other words, get a new 10-bit symbol when it is
needed.

 Behavior during EEE refresh to be determined
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¢ reset + (link_status = FAIL)

TRANSMIT_INIT

tx_toggle <= 0

tx_lp_ready <1
tx_oam<0><9:0> < 0x000
tx_oam<13 to 1><9:0> « 0x100
tx_oam_field<9:0> < 0x000
mr_tx_valid <=0
mr_tx_toggle < 0
mr_tx_received <=0
mr_tx_received_toggle < 0
mr_tx_| in%c 0
mr_tx_SNR[1:0] < 00

tx_boundary
A

CHECK_ACK

if ((rx_ack = 1) * (rx_ack_toggle = tx_toggle)) then
tx_toggle < mr_tx_toggle
t_lp_ready <1
tx_oam<1><7> <0
mr_tx_received < 1
mr_tx_received_toggle < rx_ack_toggle

UcTt
Y

LOAD_TRANSMIT_PAYLOAD

mr_tx_SNR[t{(]]] = SNRQ :OE'

tx_oam<0><1:0> < SNR[1:0]

t_oam<0><2> & mr_tx_ping

tx_oam<0><3> «= rx_Ip_ping

tx_oam<1><5> < rx_lp_ack

tx_oam<1><4> < mr_rx_lp_toggle

t_oam<1><6> < tx_toggle

tx_oam<n+2><7:0> < mr_tx_message[8n+7:8n]
where n = 8 to 11

if ((mr_tx_valid = 1) * (tx_Ip_ready = 1)) then
tx_oam<1><7> <1
t_oam<1><3:0> < mr_tx_message_num[3:0
t_oam<n+2><7:0> <= mr_tx_message[Bn+7:5n]

wheren=0to 7

mr_tx_valid <=0
mr_tx_toggle < ~mr_tx_toggle
tx_lp_ready <0

ucT
Y

CALC_RS_PARITY

tx_oam<15 to 14> < rs(tx_oam<13 to 0>)
tx_cnt<=0

v UcT

TRANSMIT_SYMBOL

tx_oam_field<9:0> < tx_oam<ix_cnt><9:0>
t_cnte=tx_cnt+ 1

(tx_cnt = 16)

tx_boundary

———ligure=-448=28—Transmit state diagram
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Clause 149 rx_boundary Variable Redefinition

* rx_boundary is asserted once every 9, 9, 9, 9,
9,999909,9,09,8,8, 10, 10 PCS RS-
Frames once the frame alignment is known

* |n other words, output a new 10-bit symbol when it
is ready.

 Behavior during EEE refresh to be determined
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¢ reset + (link_status = FAIL)

RECEIVE_INIT

X
X
rx
rx _ack <=0
i_:
X
i

cnt =0

_Ip_valid =0
__Ip_toggle =0
Ip_ping <0
p_ack =0

_ack_toggle =0
_exp_toggle =0

mr_r¢_|p_valid =0
mi_x_lp_toggle <= 0

mr_rx_ping =0
mr_rx_lp_SNR[1:0] <= 00
mr_ni_lp_message_num[3:0] =0
mr_r¢_lp_message[95:0] = 0

v

irx_bounda ry

CHECK_READ

if _cnt = 16 then
rx_oam=0to 13= =
rs_correct{rk_oam=0 to 15>&
if ((n_Ip_valid =0) + (r_lp_ack = 0))
then

rx_exp_t toggle-.:nt Ip_foggle
ni_lp_ack =0

(r=_cnt = 16) * (rs_check = GOOD)
= I'rame_boundana

LOAD_RECEIVE_PAYLOAD

n_cnt =0
mr_rx Ip_SNR[1:D] &= r_oam=0=<=1:0>

_lp_t togg\e«.: r%_opams<1=<6=
n_ack < rx_opam=1=<5=
r_ack_toggle < nx_oam=1><4=>
mr_rx_lp_messaage[35:64] < rx_ocam=<13 fo 10=<7:0=
if (fmr_nClp_valid=0) * (x_ocam=1><7==1)*
(rx_oam=1=<6> = ri_exp_toggle)) then
mr_rx_lp_message_num[3:0] = rx_oam=1==30=
mr_rx_lp_message[Bn+7:8n] <= m_oam=n+2=<7:0=
w‘nelre {1 ?to? 15<6
mr_rx, e = ni_oam<1><6=
mr, rx"lg vo%g
ri_exp_toggle = ~rx oam=1=<G=
r_lp_ack <1

frame_boundary *
v (rx_cnt !=16)

LOAD_FIRST_SYMBOL

rx_oam=0=<9:0>= = rnx_oam_field=9:0=
rx_ente=1

else

ri_boundary

4

LOAD_SYMBOL

r¥_oam=n{_cnt==9.0= = rx_ocam_field=9:0=

m_cnte=rx_cnt+ 1

L 1

r%_boundary

r¥_boundary +
(rx_cnt = 16) * ((rs_check = BAD) rx_cnt = 16)
v fframe_boundary >
BAD_FRAME
_ent=0
n_boundary

Figure 149-24—Receive state diagram
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OAM During Low Power Idle

* Not limited to sending one bit during each EEE refresh

Do we want to take advantage of the OAM RS-FEC correction?
* Send aligned 10-bit symbol during refresh
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Alternative Solution 1

* Be less efficient and do not compact the 160 bits and serialize as is
 tx_boundary is asserted once every 10 PCS RS-Frames

* rx_boundary is asserted once every 10 PCS RS-Frames once the frame
alignment is known
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Alternative Solution 2

 Be more efficient and compact to 132 bits

* Serialize only the lower 8 bits for the first 14 symbols
* Serialize the two 10-bit parity symbols

* Find alignment by testing for good parity
* s aliasing possible (incorrect alignment but good parity)??
 tx _boundary is assertedonce §, §, 8,8, 8,8, 8,8,8,8, 8,8, 8,8, 10,
10 PCS RS-Frames

* rXx_boundaryis assertedonce§, §, 8,8, 8,8,8,8,8,8,8,8,8,8, 10,
10 PCS RS-Frames once the frame alignment is known
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THANK YOU
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