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• Autocorrelation of test mode 6 signal according to 115.5.6:
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The PHY shall announce to the link partner the test mode 1 in the transmitted PHD using the field 
PHD.TX.NEXT.MODE (see 115.3.4). The operating mode of the transmitter encoded in the field 
PHD.TX.NEXT.MODE is selected at PMA reset, and does not change value unless a PMA reset takes place. 
The receiver shall reconfigure its circuitry to support the signaled operating mode, for normal operation (the 
64B/65B decoder is connected to the binary descrambler), or for BER test (a counter connected to the binary 
descrambler).

115.5.2 Test mode 2

When test mode 2 is enabled, the PMA shall transmit one {+1} symbol followed by one {-1} symbol 
continually with the transmitted symbols timed from its local symbol clock. The resulting transmitter output 
signal is a 162.5 MHz square wave.

115.5.3 Test mode 3

When test mode 3 is enabled, the PMA shall transmit 10 {+1} symbols followed by 10 {-1} symbols 
continually with the transmitted symbols timed from its local symbol clock. The transmitter output is a 
16.25 MHz square wave.

115.5.4 Test mode 4

For test mode 4 definition, let q1 be the sub-sequence composed by 20 {+1} symbols followed by 10 {-1} 
symbols, and q2 the sub-sequence composed by 10 {+1} symbols followed by 20 {-1} symbols. When test 
mode 4 is enabled, the PMA shall transmit a sequence composed by 250 times the sub-sequence q1 followed 
by 250 times the sub-sequence q2 continually, being the transmitted symbols timed from its local symbol 
clock.

115.5.5 Test mode 5

When test mode 5 is enabled, the PMA shall continually transmit {0} symbols timed from its local symbol 
clock. The transmitter output is a DC signal.

115.5.6 Test mode 6

g0 x� � 1 x9 x11+ +=

g1 x� � 1 x7 x9 x10 x11+ + + +=

When test mode 6 is enabled, the PMA shall transmit the sequence of symbols sn generated by the scrambler 
generator polynomials per Equation (115–25) and Equation (115–26).

(115–25)

(115–26)

The two maximum-length shift registers used to generate the sequences defined by these polynomials shall 
be updated once per symbol interval (nominally 1000/325 ns). The reset value of both shift registers shall be 
0x7FF, so the content of both registers start aligned to all ones when the PHY is configured to generate the 
test mode 6 pattern.

The bits stored in the shift register at a particular time n are denoted Scr0n[10:0] for the scrambler defined 
per Equation (115–25). At each symbol period this shift register is advanced by one bit and one new bit 
represented by Scr0n[0] is generated. Bits Scr0n[8] and Scr0n[10] are exclusive OR’d together to generate 
the next Scr0n[0] bit. 

The bits stored in the shift register at a particular time n are denoted Scr1n[10:0] for the scrambler defined 
per Equation (115–26). At each symbol period this shift register is advanced by one bit and one new bit 



IEEE 802.3bv Task Force - November 2016

PO
F

Knowledge Development 

Proposal for P802.3bv/D3.2 - definition II

4

x00n Scr1n 0> @=
x01n Scr1n 1> @ Scr0n 4> @�=
x02n Scr1n 2> @ Scr0n 9> @�=
x03n Scr1n 0> @ Scr0n 10> @�=

y0n x00n 2 x01n 4 x02n 8 x03nu+u+u+=

x10n Scr0n 0> @=
x11n Scr0n 1> @ Scr1n 4> @�=
x12n Scr0n 2> @ Scr1n 9> @�=
x13n Scr0n 0> @ Scr1n 10> @�=

y1n x10n 2 x11n 4 x12n 8 x13nu+u+u+=

sn
1

256
--------- 2 16 y0nu y1n+� �u 255–� �=
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represented by Scr1n[0] is generated. Bits Scr1n[10], Scr1n[9], Scr1n[8], and Scr1n[6] are exclusive OR’d 
together to generate the next Scr1n[0] bit.

The bit sequences x00n, x01n, x02n, and x03n�generated from combinations of bits of the two scramblers 
shall be used to generate the PAM16 symbols, y0n, according to Equation (115–27).

(115–27)

The bit sequences x10n, x11n, x12n, and x13n�generated from combinations of bits of the two scramblers 
shall be used to generate the PAM16 symbols, y1n, according to Equation (115–28).

(115–28)

From y0n and y1n, the PAM256 symbols sn shall be generated according to Equation (115–29). The 
transmitter shall time the transmit symbols sn from its local symbol clock.

(115–29)

115.6 Physical Medium Dependent (PMD) sublayer

115.6.1 PMD service interface

The following specifies the services provided by a PMD connected to 1000BASE-H. The PMD sublayer 
service interface is described in an abstract manner and does not imply any particular implementation.

The PMD service interface supports the exchange of analog signals between PMA and PMD sublayers. The 
PMD translates the transmit and receive PMA signals to and from optical signals suitable for the specified 
medium.

The following primitives are defined:�
PMD_COMSIGNAL.request�
PMD_COMSIGNAL.indication�
PMD_TXPWR.request�
PMD_RXPWR.request�
PMD_RXDETECT.indication�
PMD_SDINH.request

115.6.1.1 PMD_COMSIGNAL.request

This primitive defines the transfer of an analog signal amplitude from the PMA to the PMD. 
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% Generate the reference test signal pattern for test mode 6
function tm6 = tm6gen()
  Ns = 2^11 - 1;
  
  scr1 = lfsrgen([1 9 11],      Ns, '7FF').';
  scr2 = lfsrgen([1 7 9 10 11], Ns, '7FF').';
  
  x1 = [circshift(scr2, 0), ...
        mod((circshift(scr2, 1) + circshift(scr1, 4)),  2), ...
        mod((circshift(scr2, 2) + circshift(scr1, 9)),  2), ...
        mod((circshift(scr2, 0) + circshift(scr1, 10)), 2)];
  
  y1 = x1(:,1) + 2*x1(:,2) + 4*x1(:,3) + 8*x1(:,4);
  
  x2 = [circshift(scr1, 0), ...
        mod((circshift(scr1, 1) + circshift(scr2, 4)),  2), ...
        mod((circshift(scr1, 2) + circshift(scr2, 9)),  2), ...
        mod((circshift(scr1, 0) + circshift(scr2, 10)), 2)];
  
  y2 = x2(:,1) + 2*x2(:,2) + 4*x2(:,3) + 8*x2(:,4);
  
  tm6 = ((2*(16*y1 + y2) - 255)/256).';
end

% Volterra's estimation and analysis
function [HD2 HD3 HD4 RD] = volest(x, d, n, dly)
  % Init
  R  = 0;
  rD = 0;

  % Addition autocorrelation and cross-correlation
  for k = n:length(x),
    % Volterra products
    xi = [...
      1 ...
      x(k:-1:k-n+1) ...
      x(k:-1:k-n+1)  .*x(k:-1:k-n+1)   ...
      x(k:-1:k-n+1+1).*x(k-1:-1:k-n+1) ...
      x(k:-1:k-n+1+2).*x(k-2:-1:k-n+1) ...
      x(k:-1:k-n+1)  .*x(k:-1:k-n+1)    .*x(k:-1:k-n+1)   ...
      x(k:-1:k-n+1+1).*x(k:-1:k-n+1+1)  .*x(k-1:-1:k-n+1) ...
      x(k:-1:k-n+1+2).*x(k:-1:k-n+1+2)  .*x(k-2:-1:k-n+1) ...
      x(k:-1:k-n+1+1).*x(k-1:-1:k-n+1)  .*x(k-1:-1:k-n+1) ...
      x(k:-1:k-n+1+2).*x(k-1:-1:k-n+1+1).*x(k-2:-1:k-n+1) ...
      x(k:-1:k-n+1+2).*x(k-2:-1:k-n+1)  .*x(k-2:-1:k-n+1) ...
      x(k:-1:k-n+1)  .*x(k:-1:k-n+1)  .*x(k:-1:k-n+1)  .*x(k:-1:k-n+1) ...
      x(k:-1:k-n+1+1).*x(k:-1:k-n+1+1).*x(k:-1:k-n+1+1).*x(k-1:-1:k-n+1) ...
      x(k:-1:k-n+1+1).*x(k:-1:k-n+1+1).*x(k-1:-1:k-n+1).*x(k-1:-1:k-n+1) ...
      x(k:-1:k-n+1+1).*x(k-1:-1:k-n+1).*x(k-1:-1:k-n+1).*x(k-1:-1:k-n+1)];
 
    % Autocorrelation matrix
    R = R + xi.'*xi;
 
    % Cross-correlation vector
    rD = rD + d(k-dly)*xi.';
  end

  % Wiener's MMSE solution
  hw = (R\rD).';

  % Separate the Volterra kernels per channel
  lw = [1 ...
        n ...
        n (n-1) (n-2) ...
        n (n-1) (n-2) (n-1) (n-2) (n-2) ...
        n (n-1) (n-1) (n-1)];

  ofst = 0;
  for i = 1:15,
    h{i} = hw(ofst+1:ofst+lw(i));
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• Autocorrelation of proposed improved test mode 6 signal:


