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Insert 45.2.3.9a.a and 45.2.3.9a.b before 45.2.3.9a.1 (as inserted by IEEE Std 802.3bq-2016) as follows:

45.2.3.9a.a 400GBASE-R EEE fast wake supported (3.21.5)

If the PCS supports EEE fast wake operation for 400GBASE-R, this bit shall be set to a one; otherwise this 
bit shall be set to a zero.

45.2.3.9a.b 200GBASE-R EEE fast wake supported (3.21.3)

If the PCS supports EEE fast wake operation for 200GBASE-R, this bit shall be set to a one; otherwise this 
bit shall be set to a zero.

45.2.3.13 BASE-R and 10GBASEMultiGBASE-T PCS status 1 register (Register 3.32)

45.2.3.13.1 BASE-R and 10GBASEMultiGBASE-T receive link status (3.32.12)

Change the last sentence of 45.2.3.13.1 (as modified by IEEE Std 802.3by-2016, IEEE Std 802.3bq-2016,
and IEEE Std 802.3bz-2016) as follows:

This bit is a reflection of the PCS_status variable defined in 49.2.14.1 for 10/25GBASE-R, in 126.3.7.1 for 
2.5GBASE-T and 5GBASE-T, in 55.3.7.1 for 10GBASE-T, in 113.3.7.1 for 25GBASE-T and 40GBASE-T, 
and in 82.3.1 for 40/100GBASE-R, and in 119.3 for 200/400GBASE-R.

45.2.3.17 BASE-R PCS test-pattern control register (Register 3.42)

Change the fifth sentence of 45.2.3.17 (as modified by IEEE Std 802.3by-2016) as follows:

Scrambled idle test patterns are defined for 25/40/100/200/400GBASE-R PCS only.

45.2.3.46 Lane 0 mapping register (Register 3.400)
Copyright © 2017 IEEE. All rights reserved.
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Change the text of 45.2.3.46 as follows:

The assignment of bits in the Lane 0 mapping register is shown in Table 45–160. When the multi-lane PCS 
described in Clause 82 or Clause 119 detects and locks the alignment marker for service interface lane 0, the 
detected PCS lane number is recorded in this register. The contents of the Lane 0 mapping register is valid 
when Lane 0 aligned bit (3.52.0) is set to one and is invalid otherwise.

Insert 45.2.3.47h through 45.2.3.47p after 45.2.3.47g (as inserted by IEEE Std 802.3bv-201x) as follows:

45.2.3.47h PCS FEC symbol error counter lane 0 (Register 3.600, 3.601)

The assignment of bits in the PCS FEC symbol error counter lane 0 register is shown in Table 45–160h. 
Symbol errors detected in PCS lane 0 are counted and shown in register 3.600.15:0 and 3.601.15:0. These 
bits shall be reset to all zeros when the register is read by the management function or upon PHY reset. 
These bits shall be held at all ones in the case of overflow. Registers 3.600, 3.601 are used to read the value 
of a 32-bit counter. When registers 3.600 and 3.601 are used to read the 32-bit counter value, the register 
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Table 119–5—MDIO/PCS status variable mapping 

MDIO status variable PCS register name
Register/ bit 

number PCS status variable

BASE-R and 10GBASEMul-
tiGBASE-T receive link status

BASE-R and 10GBASEMultiG-
BASE-T PCS status 1 register

3.32.12 PCS_status

Lane x aligned Multi-lane BASE-R PCS align- 3.52.7:0 am_lock<x>
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119.4 Loopback

When the PCS is in loopback, the PCS shall accept data on the transmit path from the 200GMII/400GMII 
and return it on the receive path to the 200GMII/400GMII. In addition, the PCS shall transmit what it 
receives from the 200GMII/400GMII to the PMA sublayer, and shall ignore all data presented to it by the 
PMA sublayer. If a Clause 45 MDIO is implemented, then the PCS is placed in the loopback when the 
loopback bit from the PCS control 1 register (bit 3.0.14) is set to a one.

119.5 Delay constraints

The maximum delay contributed by the 200GBASE-R PCS (sum of transmit and receive delays at one end 
of the link) shall be no more than 160 256 BT (313 pause_quanta or 801.28 ns). The maximum delay 

ment status 3 and 4 registers 3.53.7:0

PCS lane alignment status Multi-lane BASE-R PCS 
alignment status 1 register

3.50.12 align_status

Lane x mapping Lane x mapping register 3.400 through 
3.415

pcs_lane_mapping<x>

PCS FEC bypass indication 
ability

PCS FEC status register 3.801.1 FEC_bypass_indica-
tion_ability

PCS FEC corrected codewords PCS FEC corrected codewords 
counter register

3.802, 3.803 FEC_correct-
ed_cw_counter

PCS FEC uncorrected code-
words

PCS FEC uncorrected codewords 
counter register

3.804, 3.805 FEC_uncorrect-
ed_cw_counter

PCS FEC symbol errors, PCS 
lanes 0 to x

PCS FEC symbol error counter 
register, lanes 0 to x

3.600 to 3.631 FEC_symbol_er-
ror_counter_i

Tx LPI indication PCS status 1 3.1.9 Tx LPI indication

Tx LPI received PCS status 1 3.1.11 Tx LPI received

Rx LPI indication PCS status 1 3.1.8 Rx LPI indication

Rx LPI received PCS status 1 3.1.10 Rx LPI received

EEE wake error counter EEE wake error counter 3.22 Wake_error_counter

PCS FEC degraded SER ability PCS FEC status register 3.801.3 FEC_degrad-
ed_SER_ability

PCS FEC degraded SER PCS FEC status register 3.801.4 FEC_degraded_SER

Remote degraded SER received PCS FEC status register 3.801.5 rx_rm_degraded

PCS FEC high SER PCS FEC status register 3.801.2 hi_ser
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a Clause 45 MDIO is implemented, the PRBS31Q_enable and PRBS_Tx_gen_enable control variables are 
accessible through bits 1.1501.13 and 1.1501.3 (see 45.2.1.124).

If supported, when send Rx PRBS31Q test pattern is enabled by the PRBS31Q_enable and PRBS_rx_gen 
enable control variables, the PMA shall generate a PRBS31Q pattern on each of the lanes toward the PMA 
client via the PMA:IS_UNITDATA_i.indication primitive. The PMA also generates PMA:IS_SIG-
NAL.indication(SIGNAL_OK) toward the PMA client independent of the link status at the service interface 
below the PMA. If a Clause 45 MDIO is implemented, the PRBS31Q_enable and PRBS_Rx_gen_enable 
control variables are accessible through bits 1.1501.13 and 1.1501.1 (see 45.2.1.124). When send Rx 
PRBS31Q test pattern is disabled, the PMA returns to normal operation performing bit multiplexing as 
described in 120.5.2.

If supported, when check Tx PRBS31Q test pattern mode is enabled by the PRBS31Q_enable and 
PRBS_Tx_check_enable control variables, the PMA checks for the PRBS31Q pattern on each of the lanes 
received from the PMA client via the PMA:IS_UNITDATA_i.request primitive. If a Clause 45 MDIO is 
implemented, the PRBS31Q_enable and PRBS_Tx_check_enable control variables are accessible through 
bits 1.1501.13 and 1.1501.2 (see 45.2.1.124). The Tx test-pattern error counters Ln0_PRBS_Tx_test_er-
r_counter through either Ln3_PRBS_Tx_test_error_counter or Ln7_PRBS_Tx_test_error_counter (depend-
ing on whether the number of lanes is 4 or 8) count, per lane, errors in detecting the PRBS31 pattern 
resulting from converting the PAM4 symbols received on each lane to pairs of bits. If a Clause 45 MDIO is 
implemented, these counters are accessible through registers 1.1600 through 1.1603 or 1.1607 (depending 
on whether the number of lanes is 4 or 8) (see 45.2.1.126). When check Tx PRBS31Q test pattern is dis-
abled, the PMA expects normal traffic and test pattern error counting does not continue. While in check Tx 
PRBS31Q mode, bit multiplexing continues as described in 120.5.2. Note that bit multiplexing of per-lane 
PRBS31Q may produce a signal which is not meaningful for downstream sublayers.

If supported, when check Rx PRBS31Q test pattern mode is enabled by the PRBS31Q_enable and 
PRBS_Rx_check_enable control variables, the PMA checks for the PRBS31Q pattern on each of the lanes 
received from the service interface below the PMA via the inst:IS_UNITDATA_i.indication primitive. If a 
Clause 45 MDIO is implemented, the PRBS31Q_enable and PRBS_Rx_check_enable control variables are 
accessible through bits 1.1501.13 and 1.1501.0 (see 45.2.1.124). The Rx test-pattern error counters 
Ln0_PRBS_Rx_test_err_counter through either Ln3_PRBS_Rx_test_error_counter or Ln7_PRBS_Rx-
_test_error_counter (depending on whether the number of lanes is 4 or 8) count, per lane, errors in detecting 
the PRBS31 pattern resulting from converting the PAM4 symbols received on each lane to pairs of bits. If a 
Clause 45 MDIO is implemented, these counters are accessible through registers 1.1700 through 1.1703 or 
1.1707 (depending on whether the number of lanes is 4 or 8) (see 45.2.1.127). While in check Rx PRBS31Q 
mode, the PMA:IS_SIGNAL.indication primitive does not indicate a valid signal. When check Rx 
PRBS31Q test pattern is disabled, the PMA returns to normal operation performing bit multiplexing as 
described in 120.5.2.

120.5.11.2.3 SSPRQ test pattern

A PMA may optionally include a short stress pattern random quaternary (SSPRQ) test pattern generator as 
specified in this subclause. The ability to perform this function is indicated by the SSPRQ_gen_Tx_ability 
status variable, reflecting the ability to send this test pattern in the direction towards the PMD. If a Clause 45 
MDIO is implemented, the SSPRQ_gen_Tx_ability status variable is accessible through the SSPRQ Tx gen-
erator ability bit 1.1500.13 (see 45.2.1.123).

The SSPRQ pattern is a repeating 216–1 PAM4 symbol sequence constructed as follows:

Bit sequence A is a 32768-bit sequence composed of three sections of the PRBS31 binary sequence (see 
120.5.11.1.1) according to Table 120–2.

Each section of PRBS31 is generated as if produced by the shift register implementation
Copyright © 2017 IEEE. All rights reserved.
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Table 120–2—SSPRQ bit sequence A

Pattern Seed Length

PRBS31 0x00000002 10924 bits

0x34013FF7 10922 bits

0x0CCCCCCC 10922 bits
Copyright © 2017 IEEE. All rights reserved.
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Each section of PRBS31 is generated as if produced by the shift register implementation shown in Figure 
49-9 and the seed is a 31-bit hexadecimal value used to preset S30 through S0 (S30 is set to the MSB and S0 
is set to the LSB) prior to the generation of the PRBS31 sequence for the indicated length of bits.

Bit sequence B is a 65534-bit sequence formed by removing the first and last binary bit from a sequence 
consisting of two repetitions of bit sequence A.

PAM4 sequence 1 is a 16384-symbol sequence formed by Gray coding bit sequence A according to 120.5.7.

PAM4 sequence 2 is a 16384-symbol sequence formed by Gray coding bit sequence A according to 120.5.7, 
and then inverting each PAM4 symbol by replacing each PAM4 symbol n with the value 3–n.

PAM4 sequence 3 is a 16383-symbol sequence formed by Gray coding the first 32766 bits of bit-sequence B 
according to 120.5.7.

PAM4 sequence 4 is a 16384-symbol sequence formed by Gray coding the last 32768 bits of bit-sequence B 
according to 120.5.7, and then inverting each PAM4 symbol by replacing each PAM4 symbol n with the 
value 3–n.

The repeating SSPRQ pattern formed by concatenating PAM4 sequences 1, 2, 3 and 4.

If supported, when send SSPRQ test pattern is enabled by the SSPRQ_enable control variable, the PMA 
shall generate an SSPRQ pattern on each of its lanes in the Tx direction towards the PMD with at least a 
31 UI delay between the SSPRQ pattern on one lane and any other lane. If a Clause 45 MDIO is imple-
mented, the SSPRQ_pattern_enable control variable is accessible through the SSPRQ pattern enable bit 
1.1501.14 (see 45.2.1.124).

120.5.11.2.4 Square wave (quaternary) test pattern

Transmit square wave (quaternary) test-pattern mode optionally applies to each lane of the Tx direction 
PMA towards a physically instantiated 200GAUI-4, 400GAUI-8 or towards a PAM4 PMD service interface 
whether or not it is physically instantiated. Note that if a square wave is transmitted through a 200GAUI-4 or 
400GAUI-8 it may not be correctly forwarded to the output of the PMD sublayer. The ability to perform this 
function is indicated by the Square_wave_ability status variable. If a Clause 45 MDIO is implemented, the 
Square_wave_ability status variable is accessible through the Square wave test ability bit 1.1500.12 (see 
45.2.1.123). If implemented, the transmit square wave test-pattern mode is enabled by control variables 
Square_wave_enable_0 through Square_wave_enable_8. If a Clause 45 MDIO is implemented, these 
control variables are accessible through the square wave testing control and status register bits 1.1510.0 
through 1.1510.15 (limited to the number of lanes of the service interface below the PMA, see 45.2.1.125). 

Editor’s note (to be removed prior to publication): Link to a file containing the entire PAM4 symbol 
sequence for the SSPRQ test pattern to be added here prior to publication.
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120D.3.1.6  Transmitter output noise and distortion

Signal-to-noise and distortion ratio (SNDR) is measured at the transmitter output using the following 
method, with transmitters on all lanes enabled, with identical transmit equalizer settings, and the lanes not 
under test transmitting PRBS31Q or a valid 200GBASE-R or 400GBASE-R signal.
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This is an unapproved IEEE Standards draft, subject to change.

356

Compute the linear fit to the captured waveform and the linear fit pulse response, p(k), and error, e(k), 
according to 120D.3.1.3. Denote the standard deviation of e(k) as σe.

Using the same configuration of the transmitter equalizer, measure the RMS deviation from the mean volt-
age at a fixed low-slope point in runs of at least 6 consecutive identical PAM4 symbols. PRBS13Q includes 
such a run for each of the PAM4 levels. The average of the four measurements is denoted as σn.

SNDR is defined by Equation (120D–6) where pmax is the maximum value of p(k).

(120D–6)

120D.3.1.7  Transmitter output residual ISI

SNRISI is defined by Equation (120D–8) computed from pmax and ISIcursors after these have been re-calcu-
lated with the continuous time filter described in 93A.1.4.3 using the parameters in 
Table 120D–7Table 120D–8 applied and optimized for maximum SNRISI. The SNRISI specification shall be 
met for all transmit equalization settings.

(120D–7)

(120D–8)

ISIcursors are computed from the linear fit pulse response, p(k) in accordance with 120D.3.1.3, using 
Equation (120D–7), where tp is the index of the linear fit pulse where p(tp) equals pmax.

Note: M and Np are defined in 85.8.3.3.5, and Nb is found in Table 120D–7Table 120D–8.

120D.3.1.8  Even-odd Jitter

Even-odd jitter is defined by measurements of 12 specific transitions in a PRBS13Q pattern (see 
120.5.11.2.1). The 12 transitions represent all possible combinations of four identical symbols followed by 
two different identical symbols as shown in Table 120D–2. The sequences are located by the symbol indices 
given in the table where symbols 1 to 7 are the run of seven 3s.

The threshold used to define each transition is given in Table 120D–2 where V0, V1, V2, and V3 are as 
defined in 120D.3.1.2.

Even-odd jitter is measured with a single-pole high-pass filter with a 3 dB bandwidth of 4 MHz. Jitter mea-
surements are performed with transmitters on all lanes enabled and using identical transmitter equalizer set-
tings. Transmitters on lanes not under test transmit PRBS31Q, or a valid 200GBASE-R or 400GBASE-R 
signal. PRBS31Q is described in 120.5.11.2.2.

SNDR 10log10

pmax
2

e
2 n

2+
------------------
 
 
 

=

ISIcursors p tp M Nb 1+ +   p tp M Nb 2+ +     p tp M Np Dp– 1– + ,,[ , ]=

SNRISI 20log10

pmax

ISIcursors
2  
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 
 
 
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TC10 Transmit equalization 120D.3.1.5 Each successive step results in 
a monotonic change

M Yes [ ]

TC11 Transmitter Output residual ISI 120D.3.1 Meets Table 120D–1 con-
straints

M Yes [ ]

Item Feature Subclause Value/Comment Status Support
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120D.5.4.2  Receiver

120D.5.4.3  Channel

TC12 Signal-to-noise-and-distortion 
ratio

120D.3.1 Meets Table 120D–1 con-
straints

M Yes [ ]

Item Feature Subclause Value/Comment Status Support

RC1 Differential input return loss 120D.3.2 Meets Equation (93-3) con-
straints

M Yes [ ]

RC2 Differential to common mode 
input return loss

120D.3.2 Meets Equation (93-5) con-
straints

M Yes [ ]

RC3 Interference tolerance 120D.3.2.1 Satisfy requirements in 
Table 120D–6

M Yes [ ]

RC4 Jitter tolerance 120D.3.2.2 Satisfy requirements in 
Table 120D–7

M Yes [ ]

Item Feature Subclause Value/Comment Status Support

CC1 Channel Operating Margin 
(COM)

120D.4 Greater than or equal to 3 dB CHAN:
M

Yes [ ]
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