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43.7.23 Marker protocol

Item Feature Subclause Value/Comment Status Support
FP1 Respond to all received Marker 435.1 As specified by 4354 M Yes[]
PDUs
FP2 Use of the Marker protocol 435.1 As specified by 4354 0 Yes[]
Nol]
FP3 MARKER request service 4354.1 Maximum of five during MG:M N/AT]
primitives request rate any one-second period Yes[]
FP4 Marker PDU Frame format 43532 Not Tagged MG:M N/AT]
Yes [ ]
FP5 Marker Response PDU Frame 43532 Not Tagged M Yes[]
format
FP6 Marker PDU structure 43532 As shown in MG:M N/AT]
Figure 43-18 Yes [ ]
and as described
FP7 Marker Response PDU structure | 43.53.2 As shown in M Yes [ ]
Figure 43-18
and as described
FP8 Marker Responder State 43542 As specified in Figure M Yes[]
Diagram 43-19and 43.54.2.1
through 435423
FP9 Validation of Marker Request 435423 Marker Responder shall M Yes [ ]
PDUs not validate the Version

Number, Pad, or
Reserved fields

43.7.24 Configuration capabilities and restrictions

Item Feature Subclause Value/Comment Status Support
CCR1 Algorithm used to determine 436.1 As specified in items a) M Yes[ |
subset of ports that will be toe)of 436.1

aggregated in Systems that have
limited aggregation capability

CCR2 Key value modification to 4362 0] Yes[]

generate optimum aggregation No[]
CCR3 Key value modification when CCR2:M N/AT]
System has higher System M:Yes|[]
Aggregation Priority
CCR4 Key value modification when CCR2:X N/AT]
System has lower System X:Yes [ ]

Aggregation Priority
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43.7.25 Link Aggregation on shared-medium links

Item Feature Subclause Value/Comment Status Support
L5SMI1 Shared-medium links 4363 Configured as M Yes [ ]
Configuration Individual links
LSM2 Shared-medium links 4363 LACP is disabled M Yes[]
Operation of LACP
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Annex 36A

(informative)

Jitter test patterns

This annex defines test patterns that allow 1000BASE-X PMDs to be tested for compliance while in a sys-
tem environment. The patterns may be implemented at a bit, code-group, or frame level and may be used for
transmitter testing. The receiver may not have the capability to accept these diagnostic sequences; however,
system debug can be improved if a receiver is able to test for one or more of these patterns and report bit
errors (e.g. 8B/10B decoder errors) back to the user.

36A.1 High-frequency test pattern

The intent of this test pattern is to test random jitter (RJ) at a BER of 10712, and also to test the asymmetry of
transition times. This high-frequency test pattern generates a one, or light on, for a duration of 1 bit time, fol-
lowed by a zero, or light off, for a duration of 1 bit time. This pattern repeats continuously for the duration of
the test. For example: 1010101010101010101010101010101010101010...

NOTE—This pattern can be generated by the repeated transmission of the D21.5 code-group. Disparity rules are
followed.

36A.2 Low-frequency test pattern

The intent of this test pattern is to test low-frequency RJ and also to test PLL tracking error. This low fre-
quency test pattern generates a one, or light on, for a duration of 5 bit times, followed by a zero, or light off,
for a duration of 5 bit times. This pattern repeats continuously for the duration of the test. For example:
1111100000111110000011111000001111100000...

NOTE—This pattern can be generated by the repeated transmission of the K28.7 code-group. Disparity rules are
followed.

36A.3 Mixed frequency test pattern

The intent of this test pattern is to test the combination of RJ and deterministic jitter (DJ). This mixed frequency
test pattern generates a one, or light on, for a duration of 5 bit times, followed by a zero, or light off, for a dura-
tion of 1 bit times, followed by a one for 1 bit time followed by a zero for 1 bit time followed by a one for 2 bit
times followed by a zero for 5 bit times followed by a one for 1 bit time followed by a zero for 1 bit time
followed by a one for 1 bit time followed by a zero for 2 bit times. This pattern repeats continuously for the
duration of the test. For example: 11111010110000010100111110101 10000010100...

NOTE-—This pattern can be generated by the repeated transmission of the K28.5 code-group. Disparity rules are
followed.

36A.4 Long continuous random test pattern

The long continuous random test pattern is a random test pattern intended to provide broad spectral content
and minimal peaking that can be used for the measurement of jitter at cither a component or system level.
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NOTE—The derivation of this pattern may be found in Fibre Channel Jitter Working Group Technical Report [B36].
This technical report modified the original RPAT as defined by Fibre Channel so that it would maintain its intended qual-
ities but fit into a Fibre Channel frame. This annex uses similar modifications to fit the same RPAT into an 802.3% frame.

The long continuous random test pattern consists of a continuous stream of identical packets, separated by a
minimum IPG. Each packet is encapsulated within SPD and EPD delimiters as specified in Clause 36 in the
ordinary way. The contents of each packet is composed of the following octet sequences, as observed at the
GMII, before 8B/10B coding.
Each packet in the long continuous random test pattern consists of 8 octets of PREAMBLE/SFD, followed
by 1512 data octets (126 repetitions of the 12-octet modified RPAT sequence), plus 4 CRC octets, followed
by a minimum IPG of 12 octets of IDLE.
PREAMBLE/SFD:

5555 5555555555D5
MODIFIED RPAT SEQUENCE (LOOP 126 TIMES)

BE D7 23 47 6B 8F B3 14 5E FB 35 59
CRC

94 D2 54 AC
IPG (TX_EN and TX_ER low)

00 00 00 00 00 00 00 00 00 00 00 0O

END

36A.5 Short continuous random test pattern

The short continuous random test pattern is a random test pattern intended to provide broad spectral content
and minimal peaking that can be used for the measurement of jitter at either a component or system level.

NOTE—The derivation of this pattern may be found in Fibre Channel Jitter Working Group Technical Report [B36].
This technical report modified the original RPAT as defined by Fibre Channel so that it would maintain its intended qual-
ities but fit into a Fibre Channel frame. This annex uses similar modifications to fit the same RPAT into an 802 3% frame.

The short continuous random test pattern consists of a continuous stream of identical packets, separated by a
minimum IPG. Each packet is encapsulated within SPD and EPD delimiters as specified in Clause 36 in the
ordinary way. The contents of each packet is composed of the following octet sequences, as observed at the
GMLII, before 8B/10B coding.

Each packet in the short continuous random test pattern consists of 8 octets of PREAMBLE/SFD, followed
by 348 data octets (29 repetitions of the 12-octet modified RPAT sequence), plus 4 CRC octets, followed by
a minimum IPG of 12 octets of IDLE.

The format of this packet is such that the PCS will generate the following ordered sets for the IPG: /
T/ /R/ IV 12/ 112/ /121 112]
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PREAMBLE/SFD:
55 55 55 55 55 55 55 D5
MODIFIED RPAT SEQUENCE (LOOP 29 TIMES)
BE D7 23 47 6B 8F B3 14 5E FB 35 59
CRC
2F E0 AA EF
IPG (TX_EN and TX_ER low)
00 00 00 00 00 00 00 00 00 00 00 00

END
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Annex 36B

(informative)

8B/10B transmission code running disparity calculation examples

Detection of a invalid code-group in the 8B/10B transmission code does not necessarily indicate that the
code-group in which the error was detected was the one in which the error occurred. Invalid code-groups
may result from a prior error that altered the running disparity of the bit stream but that did not result in a
detectable error at the code-group in which the error occurred. The examples shown in Tables 36B—1 and
36B-2 exhibit this behavior. The example shown in Table 36B—3 exhibits the case where a bit error in a
received code-group is detected in that code-group, affects the next code group, and error propagation is
halted upon detection of the running disparity error.

Table 36B—1—RD error detected two code-groups following error

Code-grou Code-grou Code-grou
Stream RD ¥ KD B ED RD  RD
Transmitted code- D21.1 D10.2 D235 +
group
Transmitted bit stream 101010 - 1001 010101 0101 111010 + 1010 +
Received bit stream 101010 - 1011* + 010101 + 0101 + 111010 + 1010 +
Received code-group D210 + D102 + invalid L‘ode-gmupb +

Bit error introduced (1001 = 1011)

bNonzero disparity blocks must alternate in polarity (+ = —). In this case, RD does not alternate (+ = +),
the received code group is not found in the Current RD+ column in either Table 36-1a or Table 36-2, and
an invalid code-group is recognized.

“Running disparity is calculated on the received code-group regardless of the validity of the received code-
group. Nonzero disparity blocks prevent the propagation of errors and normalize running disparity to the
transmitted bit stream (i.e., equivalent to the received bit stream had an error not occurred).

Table 36B—2—RD error detected in next code-group following error

o o Sy
p— - Code ir[(;up - Code :;;mp - LudeR;i:uup -

Transmitted code- D21.1 D23.4 D235 +

group

Transmitted bit stream 101010 1001 111010 + 0010 111010 + 1010 +

Received bit stream 101010 1011* + 111010 +" 0010 111010 + 1010 +

Received code-group D210 + invalid cnde-gmupb D235 +

Bit error introduced (1001 = 1011)
bNonzero disparity blocks must alternate in polarity (+ = ).
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Table 36B—3—A single bit error affects two received code-groups

Stream RD Code f{;ﬂp RD Code lgr[;mp RD Code Rg[:uup RD
Transmitted code- D3.6 (FCS3) K29.7 (/T/) K23.7 (/R/)
group
Transmitted bit stream 110001 - 0110 101110 + 1000 111010 + 1000
Received bit stream 110001 - 0111* +® 101110 +° 1000 111010 + 1000
Received code-group invalid cnde-gmupd + invalid code-group® K23.7 (/R/)

3Bit error introduced (0110 = 0111).

bNonzero disparity blocks must alternate in polarity (- = +). Received RD differs from transmitted RD.

“Nonzero disparity blocks must alternate in polarity (+=> -). Invalid code-group due to RD error since RD
remains at +.

dReccived code-group is not found in either Table 36-1a or Table 36-2.

“Nonzero disparity blocks prevent the propagation of errors and normalize running disparity to the
transmitted bit stream (i.e. equivalent to the received bit stream had an error not occurred). All code-groups
contained in PCS End_of_Packet delimiters (/T/R/R or /T/R/K28.5/) include nonzero disparity blocks.
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Annex 38A

(informative)

Fiber launch conditions

38A.1 Overfilled Launch

Overfilled Launch (OFL), as described in IEC 60793-1-4 |B24], is the standard launch used to define optical
fiber bandwidth. This launch uniformly overfills the fiber both angularly and spatially. It excites both radial
and azimuthal modes of the fiber equally, thus providing a reproducible bandwidth which is insensitive to
small misalignments of the input fiber. It is also relatively insensitive to microbending and macrobending
when they are not sufficient to atfect power distribution carried by the fiber. A restricted launch gives a less
reproducible bandwidth number and is dependent on an exact definition of the launch. Overfilled launch is
commonly used to measure the bandwidth of LED-based links.

38A.2 Radial Overfilled Launch (ROFL)

A Radial Overfilled Launch is created when a multimode optical fiber is illuminated by the coherent optical
output of a source operating in its lowest order transverse mode in a manner that excites predominantly the
radial modes of the multimode fiber. This contrasts with the OFL, which is intended to excite both radial and
azimuthal modes of the fiber equally. In practice an ROFL is obtained when

a) A spot of laser light is projected onto the core of the multimode fiber,

b)  The laser spot is approximately symmetrical about the optical center of the multimode fiber,

¢)  The optical axis of both the fiber and the laser beam are approximately aligned,

d) The angle of divergence of the laser beam is less than the numerical aperture of the multimode fiber,
e) The laser spot is larger than the core of the multimode fiber.

An ROFL cannot be created using a multi-transverse mode laser or by simply projecting a speckle pattern
through an aperture.

Copyright © 2002 |EEE. All rights reserved. 351

LINKPLAY EXHIBIT 1017
Page 351 of 379



IEEE Std 802.3-2002%, Section Three LOCAL AND METROPOLITAN AREA NETWORKS:

Annex 40A

(informative)

Additional cabling design guidelines

This annex provides additional cabling guidelines when installing a new Category 5 balanced cabling system
or using an existing Category 5 balanced cabling system. These guidelines are intended to supplement those
in Clause 40. 1000BASE-T is designed to operate over 4-pair unshielded twisted-pair cabling systems that
meet both the Category 5 requirements described in ANSI/TIA/EIA-568A (1995) and ISO/IEC 11801:1995,
and the additional transmission parameters of return loss, ELFEXT loss, and MDELFEXT loss specified in
40.7. There are additional steps that may be taken by network designers that provide additional operating
margins and ensure the objective BER of 1071 is achieved. Cabling systems that meet or exceed the specifi-
cations in 40.7 for a worst case 4-connector topology are recommended for new installations. Whether
installing a new Category 5 balanced cabling system or reusing one that is already installed, it is highly
recommended that the cabling system be measured/certified before connecting 1000BASE-T equipment fol-
lowing the guidelines in (proposed) ANSI/TIA/EIA TSBYS5.

40A.1 Alien crosstalk

40A.1.1 Multipair cabling (i.e., greater than 4-pair)

Multiple Gigabit Ethernet links [(n*4-Pair) with n greater than 1] should not share a common sheath as in a
25-pair binder group in a multipair cable. When the multipair cable is terminated into compliant connecting
hardware (TIA does not specify 25 position connecting hardware), the NEXT loss contributions between the
adjacent 4-pair gigabit ethernet link, from connecting hardware and the cable combined, cannot be com-
pletely cancelled.

40A.1.2 Bundled or hybrid cable configurations

Another source of alien crosstalk can occur in a bundled or hybrid cable configuration where two or more
4-pair cables are assembled together.

In order to limit the noise coupled between adjacent 1000BASE-T link segments in a bundled or hybrid
cable configuration, the PSNEXT loss between a 1000BASE-T duplex channel in a link segment and all
duplex channels in adjacent 1000BASE-T link segments should be greater than 35 — 15*log(f/100) (dB) at
all frequencies from | MHz to 100 MHz.

40A.2 Cabling configurations

The primary application for the Clause 40 specification is expected to be between a workstation and the local
telecommunications closet. In commercial buildings this application is generally referred to as the horizontal
cabling subsystem. As specified in ANSI/TIA/EIA-568-A and ISO/IEC 11801: 1995 the maximum length of
a horizontal subsystem building wiring channel is 100 m. The channel consists of cords, cables, and connect-
ing hardware. The maximum configuration for this channel is shown in Figure 40A-1.
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| Work Area | [ Transition Point Connector I | Telecom Closet |

Wall jack

1ol o |
Ij Work Area| | ~ Equipment D
cable cable

Interconnect Crossconnect

Channel

Figure 40A—-1—Maximum horizontal subsystem configuration

On the other hand, a minimum configuration can be achieved by removing the patch cord and transition
point, which is shown in Figure 40A-2.

| Work Area Telecom Closet |
Wall jack
TO
D Work Area Equipment D
cable cable
Interconnect
Channel >

Figure 40A-2—Minimum horizontal subsystem configuration

1000BASE-T is designed to operate over a channel that meets the specifications of 40.7 and the channel con-
figuration shown in Figure 40A—1. However, if the channel specifications of 40.8 cannot be met when using
the channel configuration shown in Figure 40A—1, the configuration shown in Figure 40A-2 is recom-
mended. This optimized channel for a 1000BASE-T link segment deletes the transition point and runs an
equipment patch cord directly between the LAN equipment and the connector termination of the permanent
link. This reduces the number of connectors and their associated crosstalk in the link. The minimum link
configuration:

a)  Minimizes crosstalk, both near-end and far-end, which maximizes the BER margin; and
b)  Minimizes link insertion loss.
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Annex 40B

(informative)

Description of cable clamp

This annex describes the cable clamp used in the common-mode noise rejection test of 40.6.1.3.3, which is
used to determine the sensitivity of the 1000BASE-T receiver to common-mode noise from the link
segment. As shown in Figure 40B—1, the clamp is 300 mm long, 58 mm wide, 54 mm high with a center
opening of 6.35 mm (0.25 in). The clamp consists of two halves that permit the insertion of a cable into the
clamp.

KEYING
BOLT

CLAMPING

BNC CONNECTOR NYLON SCREWS
(9 mm BACK FROM EDGE)

KEYING

DIELECTRIC
58 mm OUTER CONDUCTOR

INNER CONDUCTOR

Figure 40B-1—Cable clamp

The clamp has a copper center conductor and an aluminum outer conductor with a high density polyethylene
dielectric. The following is a review of the construction and materials of the clamp:

a)  Inner conductor—Copper tubing with an inner diameter of 6.35 mm (0.25 in) and an outer diameter
of 9.4 mm (0.37 in).

b)  Quter conductor— Aluminum bar that is 300 mm long and approximately 54 mm by 58 mm. The bar
is milled to accept the outer diameter of the dielectric material.

c¢)  Dielectric—High Density Polyethylene (Residual, TypeF) with dielectric constant of 2.32. An out-
side diameter of 33.5 mm and an inner diameter that accepts the outside diameter of the copper inner
conductor.

d) Connectors—BNC connectors are located 9 mm (0.39 in) from each end of the clamp and are
recessed into the outer conductor. The center conductor of the connector is connected to the inter
conductor as shown in Figure 40B—2.

e) Clamping screws—Six screws are used to connect the two halves of the clamp together after the
cable has been inserted. Although clamping screws are shown in Figure 40B—1, any clamping
method may be used that ensures the two halves are connected electrically and permits quick assem-
bly and disassembly.

f)  Nylon screws—Used to align and secure the inner conductor and dielectric to the outer conductor.
The use and location of the screws is left to the manutacturer.

g)  Keying bolts—Two studs used to align the two halves of the clamp.
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Figure 40B—2—Cross-section of cable clamp
As shown in Figure 40B-2 the inner conductor on the bottom half of the clamp extends slightly (~ 0.1mm)
above the dielectric to ensure there is good electrical connection with the inner conductor of the top half of
the clamp along the full length of the conductor when the two halves are clamped together.

The electrical parameters of the clamp between 1MHz and 250 MHz are as follows:

a) Insertion loss: <0.2 dB
b) Return loss: > 20.0 dB
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40B.1 Cable clamp validation

In order to ensure the cable clamp described above is operating correctly, the following test procedure is pro-
vided. Prior to conducting the following test shown in Figure 40B-3, the clamp should be tested to ensure
the insertion loss and return loss are as specified above. The cable clamp validation test procedure uses a
well-balanced 4-pair Category 5 unshielded test cable or better that meets the specifications of 40.7. The test
hardware consists of the following:

a)  Resistor network—Network consists of three 50 +0.1% Q resistors; two resistors are connected in
series as a differential termination for cable pairs and the other resistor is connected between the two
and the ground plane as a common-mode termination.

b)  Balun—3 ports, laboratory quality with a 100 Q differential input, 50 Q differential output, and a
50 © common-mode output:

Insertion Loss (100 € balanced <—>50 € unbalanced): <1.2 dB (1-350MHz)
Return Loss: >20 dB (1-350 MHz)
Longitudinal Balance: >50 dB (1-350 MHz)
c)  Test cable—A4-pair 100 € UTP category 5 balanced cable at least 30 m long.
d) Chokes (2)—Wideband Ferrite Material:
Inter-diameter: 6.35 to 6.86 mm
Impedance: 250 Q @ 100 MHz
¢)  Ground plane—Copper sheet or equivalent.
f)  Signal generator
g)  Oscilloscope
h)  Receiver

Signal Generator
1-250 MHz
(see Note 1)

Oscilloscope

2 chokes located

Each cable pair ‘=5 oy Balun(s)
Fleor:)ni(l)lﬁted M from clamp Transmitter/
ms
Receiver
/ Cable Clamp

Test cable Ground Plane

Figure 40B—-3 —Cable clamp validation test configuration

With the test cable inserted in the cable clamp, a signal generator with a 50 €2 output impedance is connected
to one end of the cable clamp and an oscilloscope with a 50 € input impedance is connected to the other end.
The signal generator shall be capable of providing a sine wave signal of 1 MHz to 250 MHz. The output of
the signal generator is adjusted for a voltage of 1.0 Vrms (2.83 Vpp) at 20 MHz on the oscilloscope. The
remainder of the test is conducted without changing the signal generator voltage. The cable pairs not con-
nected to the balun are terminated in a resistor network, although when possible it is recommended that each
cable pair be terminated in a balun. It very important that the cable clamp, balun, receiver, and resistor net-
works have good contact with the ground plane. The two chokes, which are located next to each other, are
located approximately 2.0 cm from the clamp. The cable between the clamp and the balun should be straight
and not in contact with the ground plane.
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The differential-mode and common-mode voltage outputs of the balun should meet the limits shown in
Table 40B—1 over the frequency range 1 MHz to 250 MHz for each cable pair. The differential mode voltage
at the output of the balun must be increased by 3 dB to take into account the 100-to-50 impedance matching

loss of the balun.

Table 40B—-1—Common- and differential-mode output voltages

Frequency (f) Common-mode voltage Differential-mode voltage
1-30 MHz <0.1+0.97(f/30) Vpp <24 + 19.68 (f/30) mVpp
30-80 MHz <1.07 Vpp <22 mVpp
80-250 MHz <1.07 - 0.6 (£-80)/170 Vpp <22 mVpp

NOTE —Prior to conducting the validation test the cable clamp should be tested without the cable inserted to determine
the variation of the signal generator voltage with frequency at the output of the clamp. The signal generator voltage
should be adjusted to 1 Vrms (2.83 Vpp) at 20 MHz on the oscilloscope. When the frequency is varied from 20 MHz to
250 MHz, the voltage on the oscilloscope should not vary more than £7.5%. If the voltage varies more than +7.5%, then
a correction factor must be applied at each measurement frequency.
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Annex 40C

(informative)

Add-on interface for additional Next Pages

This annex describes a technique for implementing Auto-Negotiation for 1000BASE-T when the implemen-
tor wishes to send additional Next Pages (other than those required to configure for 1000BASE-T operation).
To accomplish this mode of Auto-Negotiation, the implementor must ensure that the three Next Pages
required for 1000BASE-T configuration are sent first.

The add-on interface described in this annex shows one technique for supporting the transmission of addi-
tional Next Pages. This mechanism utilizes the existing Clause 28 Auto-Negotiation mechanism and vari-
ables defined in Clause 28. Its purpose is merely to provide optional NEXT PAGE WAIT responses to the
Auto-Negotiation Arbitration state diagram (see Figure 28-16).

The add-on interface for Auto-Negotiation is intended to interface directly between the defined registers and
the Auto-Negotiation mechanism defined in Clause 28. The mechanism described includes five main blocks
(see Figure 40C-1).

The first three blocks are used by the MASTER-SLAVE resolution function. They are used to generate and
store random seeds and to resolve the status of the MASTER-SLAVE relationship. Their operation is
described later in this annex. The final two blocks, the transmit state machine for the 1000BASE-T Next
Page exchange and the receive state machine for the 1000BASE-T Next Page exchange, are described in this
annex.
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Registers 1000T Add On
mr_bp[16:1]
REGISTER 4
M/S
SEED mr_adv_ability
mr_Ip_adv_ability mr_np_tx
REGISTER 5 B
LP M/S
SEED ack_finished
mr_parallel_detect fault
-t mr_page_rx
mr_np_able
REGISTER 6
mr_lp_np_able M/S
- mr_lp_autoneg_able RESOLUTION rx_link_code_word
-
mr_np_tx_reg mr_next_page loaded
REGISTER 7
next_page_loaded.‘_ TX
STATE mr_page_rx E
MACHINE <
'_
mr_np_rx desire_np 8
REGISTER 8 et} [ w
RX -
(@]
STATE mr_np_able '5
MACHINE <
REG ISTER 9 mr_1 0001_adv_abiiity
- mr_lp_np_able
mr_1000t_lp_adv_ability
REGISTER 10 contiq_fadl mr_lp_autoneg_able
mr_parallel_detect fault
- —
link_control(1000T)
|
link_status

Figure 40C—1— Auto-negotiate add-on diagram for 1000BASE-T

NOTE—When the exchange of Next Pages is complete, the MASTER-SLAVE relationship can be determined using
Table 40-5 with the 1000BASE-T Technology Ability Next Page bit values specified in Table 40-4 and information
received from the link partner. This process is conducted at the entrance to the FLP LINK GOOD CHECK state shown
in the Auto-Negotiation Arbitration State Diagram (Figure 28-16).
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40C.1 State variables

mr_bp
This variable is used as an intermediate signal from register 4. Normally register 4 would directly
source the mr_adv_ability information. This information is now sourced from the transmit state
machine.

mr_1000t_adv_ability
A 16-bit array used to store and indicate the contents of register 9.

mr_1000t_lp_adv_ability
A 16-bit array used to write information to register 10.

mr_np_tx_reg
This variable is an intermediate signal from register 7. Normally register 7 would directly source
the information to the Auto-Negotiation function via mr_np_tx. This information is now sourced
from the transmit state machine.

mr_np_rx
A 16-bit array used to write information to register 8.
Values: Zeros; data bit is logical zero.
One; data bit is logical one.

config_fault
This variable indicates the result of the MASTER-SLAVE resolution function.

next_page loaded
This variable is an intermediate signal from register 7. Normally register 7 would directly source
the information to the Auto-Negotiation function via mr_next_page loaded. This information
is now sourced from the transmit state machine.

reg_random
An 11-bit array used to store the received random seed from the link partner. It is used by the
MASTER-SLAVE resolution function.

1000T _capable
This variable is used merely to show the local device is 1000Base-T capable. It is shown to
illustrate the path that a non-1000Base-T device would take within the auto negotiation mechanism.
ATMP CNT
This variable is used to count the number of tailed MASTER-SLAVE resolutions. It has a

maximum value of 7.

All other signals are defined in Clause 28.
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40C.2 State diagrams

40C.2.1 Auto-Negotiation Transmit state machine add-on for 1000BASE-T

The Auto-Negotiation transmit state machine add-on (see Figure 40C-2) is responsible for sending the Base
Page, 1000BASE-T Next Pages, as well as additional Next Pages as specified by the management interface.
1000BASE-T Next Pages will automatically be sent by the PHY whenever there are no additional Next
Pages to be sent. If the user desires to send additional Next Pages, then the user must first send three pages of
any format. Management will automatically replace these three pages with the appropriate 1000BASE-T
Message Page and the two following unformatted pages and then will send the additional Next Pages as
specified by the user. All other steps are performed by the management interface. The management interface
is now required to complete the Next Page exchange by sourcing its own NULL page. This is shown in
Figure 40C-2 for illustration only.
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Figure 40C—-2— Auto-Negotiation Transmit state diagram add-on for 1000BASE-T
362 Copyright © 2002 IEEE. All rights reserved.

LINKPLAY EXHIBIT 1017
Page 362 of 379



CSMA/CD IEEE Std 802.3-2002%, Section Three

NOTES for Figure 40C-2

1—(Software_ NP_TX) If the user desires to send additional Next Pages, then the contents ol the first three Next Pages
will be overwritten by the three 1000BASE-T Next Pages. In this case, the user is responsible for stepping through the
Next Page sequence (by creating the initial three Next Pages to be overwritten by the three 1000BASE-T Next Pages);
otherwise the process is automatic. (next_page loaded signals clear operation as per Clause 28.)

2—(Software NULL_TX) This is shown for illustration only. This is done in software and is required.
3—(Flp_Link_Good_Check) This is shown for illustration only. This state is from the Auto-Negotiation arbitration state
diagram and indicates the conclusion of pages being sent. (The transition 1000T_capable = false is to show sequence for
non 1000BASE-T implementations.)

40C.2.2 Auto-Negotiation receive state diagram add-on for 1000BASE-T

The Auto-Negotiation receive state machine add-on for 1000BASE-T Next Pages (sce Figure 40C=3) is
responsible for receiving the Base Page, 1000BASE-T Next Pages, and any additional Next Pages received.
1000BASE-T Next Pages will automatically be reccived whenever the user does not wish to participate in
Next Page exchanges. In this case, the appropriate 1000BASE-T message page and its two unformatted
pages will automatically be received and stored in their appropriate registers. Any additional Next Pages
received will still be placed in register 8, but will be overwritten automatically when a new page is received.
The net result is that the management interface does not need to poll registers 6 and 8. The information in
register 8 will be meaningless in this case. If the user desires to participate in additional Next Page
exchanges via setting the appropriate bit in register 4, the user now becomes responsible (as was previously
the case) for defining how this will be accomplished. In this situation, the first three Next Pages received
may be 1000BASE-T and should be discarded. This information will automatically be stored internally in
the appropriate register 10 and reg_random. The management interface/user can ignore the information
received for the 1000BASE-T Next Pages.
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Figure 40C-3—Auto-Negotiation Receive state diagram add-on for 1000BASE-T
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Annex 43A

(informative)

Collection and Distribution functions

43A.1 Introduction

The specification of the Collection and Distribution functions was defined with the following considerations
in mind:

a)  Frame duplication is not permitted.

b) Frame ordering must be preserved in aggregated links. Strictly, the MAC service specification
(ISO/IEC 15802-1) states that order must be preserved for frames with a given SA, DA, and priority;
however, this is a tighter constraint than is absolutely necessary. There may be multiple, logically
independent conversations in progress between a given SA-DA pair at a given priority; the real
requirement is to maintain ordering within a conversation, though not necessarily between
conversations.

¢) A single algorithm can be defined for the collection function that is independent of the distribution
function(s) employed by the Partner System.

d) In the interests of simplicity and scalability, the collection function should not perform re-assembly
functions, re-order received frames, or modify received frames. Distribution functions, therefore, do
not make use of segmentation techniques, do not label or otherwise modify transmitted frames in
any way, and must operate in a manner that will inherently ensure proper ordering of received
frames with the specified collector.

e)  The distribution and collection functions need to be capable of handling dynamic changes in aggre-
gation membership.

f)  There are expected to be many different topologies and many different types of devices in which
Link Aggregation will be employed. It is therefore unlikely that a single distribution function will be
applicable in all cases.

A simple collection function has been specified. The Collector preserves the order of frames received on a
given link, but does not preserve frame ordering amongst links. The distribution function maintains frame
ordering by

—  Transmitting frames of a given conversation on a single link at any time.

— Before changing the link on which frames of a given conversation are transmitted, ensuring that all
previously transmitted frames of that conversation have been received to a point such that any subse-
quently transmitted frames received on a different links will be delivered to the MAC Client at a later
time.

Given the wide variety of potential distribution algorithms, the normative text in Clause 43 specifies only the
requirements that such algorithms must meet, and not the details of the algorithms themselves. To clarify the
intent, this informative annex gives examples of distribution algorithms, when they might be used, and the
role of the Marker protocol (43.5) in their operation. The examples are not intended to be either exhaustive
or prescriptive; implementors may make use of any distribution algorithms as long as the requirements of
Clause 43 are met.
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43A.2 Port selection

A distribution algorithm selects the port used to transmit a given frame, such that the same port will be
chosen for subsequent frames that form part of the same conversation. The algorithm may make use of
information carried in the frame in order to make its decision, in combination with other information
associated with the frame, such as its reception port in the case of a MAC Bridge.

The algorithm may assign one or more conversations to the same port, however, it must not allocate some of
the frames of a given conversation to one port and the remainder to different ports. The information used to
assign conversations to ports could include the following:

a)  Source MAC address

b) Destination MAC address

¢)  The reception port

d)  The type of destination address (individual or group MAC address)

e¢) Ethernet Length/Type value (i.c., protocol identification)

f)  Higher layer protocol information (e.g., addressing and protocol identification information from the
LLC sublayer or above)

g) Combinations of the above

One simple approach applies a hash function to the selected information to generate a port number. This
produces a deterministic (i.e., history independent) port selection across a given number of ports in an
aggregation. However, as it is difficult to select a hash function that will generate a uniform distribution of
load across the set of ports for all traffic models, it might be appropriate to weight the port selection in favor
of ports that are carrying lower traffic levels. In more sophisticated approaches, load balancing is dynamic;
i.e., the port selected for a given set of conversations changes over time, independent of any changes that
take place in the membership of the aggregation.

43A.3 Dynamic reallocation of conversations to different ports

It may be necessary for a given conversation or set of conversations to be moved from one port to one or
more others, as a result of

a)  An existing port being removed from the aggregation,
b) A new port being added to the aggregation, or
¢) A decision on the part of the Distributor to re-distribute the traffic across the set of ports.

Before moving conversation(s) to a new port, it is necessary to ensure that all frames already transmitted that
are part of those conversations have been successfully received. The following procedure shows how the
Marker protocol (43.5) can be used to ensure that no mis-ordering of frames occurs:

1)  Stop transmitting frames for the set of conversations affected. If the MAC Client requests transmis-
sion of further frames that are part of this set of conversations, these frames are discarded.

2)  Start a timer, choosing the timeout period such that, if the timer expires, the destination System can
be assumed either to have received or discarded all frames transmitted prior to starting the timer.

3)  Use the Marker protocol to send a Marker PDU on the port previously used for this set of
conversations.

4)  Wait until either the corresponding Marker Response PDU is received or the timer expires.

5)  Restart frame transmission for the set of conversations on the newly selected port.

The appropriate timeout value depends on the connected devices. For example, the recommended maximum
Bridge Transit Delay is 1 second; if the receiving device is a MAC Bridge, it may be expected to have
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forwarded or discarded all frames received more than 1 second ago. The appropriate timeout value for other
circumstances could be smaller or larger than this by several orders of magnitude. For example, if the two
Systems concerned are high-performance end stations connected via Gigabit Ethernet links, then timeout
periods measured in milliseconds might be more appropriate. In order to allow an appropriate timeout value
to be determined, the Frame Collector parameter CollectorMaxDelay (see 43.2.3) defines the maximum
delay that the collector can introduce between receiving a frame from a port and cither delivering it to the
MAC Client or discarding it. This value will be dependent upon the particular implementation choices that
have been made in a System. As far as the operation of the Collector state machine is concerned, Collector-
MaxDelay is a constant; however, a management attribute, aAggCollectorMaxDelay (30.7.1.1.32), is pro-
vided that allows interrogation and administative control of its value. Hence, if a System knows the value of
CollectorMaxDelay that is in use by a Partner System, it can set the value of timeout used when flushing a
link to be equal to that value of CollectorMaxDelay, plus sufficient additional time to allow for the propaga-
tion delay experienced by frames between the two Systems. A value of zero for the CollectorMaxDelay
parameter indicates that the delay imposed by the Collector is less than the resolution of the parameter (10
microseconds). In this case, the delay that must be considered is the physical propagation delay of the chan-
nel. Allowing management manipulation of CollectorMaxDelay permits fine-tuning of the value vsed in
those cases where it may be difficult for the equipment to pre-configure a piece of equipment with a realistic
value for the physical propagation delay of the channel.

The Marker protocol provides an optimization that can result in faster reallocation of conversations than
would otherwise be possible—without the use of markers, the full timeout period would always have to be
used in order to be sure that no frames remained in transit between the local Distributor and the remote Col-
lector. The timeout described recovers from loss of Marker or Marker Response PDUSs that can occur.

43A.4 Topology considerations in the choice of distribution algorithm

Figure 43A—1 gives some examples of different aggregated link scenarios. In some cases, it is possible to use
distribution algorithms that use MAC frame information to allocate conversations to links; in others, it is
necessary to make use of higher-layer information.

In example A, there is a many-to-many relationship between end stations communicating over the aggre-
gated link. It would be possible for each switch to allocate conversations to links simply on the basis of
source or destination MAC addresses.

In examples B and C, a number of end stations communicate with a single server via the aggregated link. In
these cases, the distribution algorithm employed in the server or in Switch 2 can allocate traffic from the
server on the basis of destination MAC address; however, as one end of all conversations constitutes a single
server with a single MAC address, traffic from the end stations to the server would have to be allocated on
the basis of source MAC address. These examples illustrate the fact that different distribution algorithms can
be used in different devices, as appropriate to the circumstances. The collection function is independent of
the distribution function(s) that are employed.

In examples D and E, assuming that the servers are using a single MAC address for all of their traffic, the
only appropriate option is for the distribution algorithm used in the servers and switches to make use of
higher-layer information (e.g., Transport Layer socket identifiers) in order to allocate conversations to links.
Alternatively, in example E, if the servers were able to make use of multiple MAC addresses and allocate
conversations to them, then the switches could revert to MAC Address-based allocation.
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Figure 43A-1—Link aggregation topology examples
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Annex 43B

(normative)

Requirements for support of Slow Protocols

43B.1 Introduction and rationale

There are two distinct classes of protocols used to control various aspects of the operation of IEEE 802.3%
devices. They are as follows:

a)  Protocols such as the MAC Control PAUSE operation (Annex 31B) that need to process and respond
to PDUs rapidly in order to avoid performance degradation. These are likely to be implemented as
embedded hardware functions, making it relatively unlikely that existing equipment could be casily
upgraded to support additional such protocols.

NOTE —This consideration was one of the contributing factors in the decision to use a separate group MAC

address to support LACP and the Marker protocol, rather than re-using the group MAC address currently used
for PAUSE frames.

b) Protocols such as LACP, with less stringent frequency and latency requirements. These may be
implemented in software, with a reasonable expectation that existing equipment be upgradeable to
support additional such protocols, depending upon the approach taken in the original
implementation.

In order to place some realistic bounds upon the demands that might be placed upon such a protocol
implementation, this annex defines the characteristics of this class of protocols and identifies some of the
behaviors that an extensible implementation needs to exhibit.

43B.2 Slow Protocol transmission characteristics

Protocols that make use of the addressing and protocol identification mechanisms identified in this annex are
subject to the following constraints:

a) No more than 5 frames shall be transmitted in any one-second period.
b) The maximum number of Slow Protocols is 10.

NOTE —This is the maximum number of Slow Protocols that use the specified protocol type defined here. That
is, there may be more than 10 slow protocols in the universe, but no more than 10 may map to the same Ethernet
Length/Type field.

c¢) The MAC Client data generated by any of these protocols shall be in the normal length range for an
IEEE 802.3® MAC frame, as specified in 4.4.2. It is recommended that the maximum length for a
Slow Protocol frame be limited to 128 octets.
NOTE—The Slow Protocols specified in Clause 43 (i.e., LACP and Marker) conform to this recommended
maximum.

d) PDUs generated by these protocols shall use the Basic and not the Tagged frame format (see
Clause 3).

The effect of these restrictions is to restrict the bandwidth consumed and performance demanded by this set

of protocols; the absolute maximum traffic loading that would result is 50 maximum length frames per
second per link.
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43B.3 Addressing

The Slow_Protocols_Multicast address has been allocated exclusively for use by Slow Protocols PDUs; its
value is identified in Table 43B—1.

Table 43B-1—Slow_Protocols_Multicast address

Name Value

Slow_Protocols_Multicast address 01-80-C2-00-00-02

NOTES

1—This address is within the range reserved by ISO/IEC 15802-3 (MAC Bridges) for link-constrained protocols. As
such, frames sent to this address will not be forwarded by conformant MAC Bridges; its use is restricted to a single link.

2— Although the two currently existing Slow Protocols (i.e., LACP and the Marker protocol) always use this MAC
address as the destination address in transmitted PDUs, this may not be true for all Slow Protocols. In some yet-to-be-
defined protocol, unicast addressing may be appropriate and necessary. Rather, the requirement is that this address not be
used by any protocols that are not Slow Protocols.

43B.4 Protocol identification

All Slow Protocols use Type-field encoding of the Length/Type field, and use the Slow_Protocols_Type
value as the primary means of protocol identification; its value is shown in Table 43B-2.

Table 43B-2—Slow_Protocols_Type field

Name Value

Slow_Protocols_Type field 88-09

The first octet of the MAC Client data following the Length/Type field is a protocol subtype identifier that
distinguishes between different Slow Protocols. Table 43B-3 identifies the semantics of this subtype.

NOTE— Although this mechanism is defined as part of an IEEE 802 3% standard, it is the intent that the reserved code

points in this table will be made available to protocols defined by other working groups within [IEEE 802%, should this
mechanism be appropriate for their use.
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Table 43B-3—Slow Protocols subtypes

Protocol Subtype value Protocol name

0 Unused—Illegal value
1 - Link Aggregation Control Protocol (LACP)
2 . Link Aggregation— Marker Protocol
3 Reserved for future use
4 Reserved for future use
5 Reserved for future use
6 Reserved for future use
7 Reserved for future use
8 Reserved for future use
9 Reserved for future use
10 Reserved for future use

11-255 - Unused —Illegal values

43B.5 Handling of Slow Protocol frames

Any received MAC frame that carries the Slow_Protocols_Type field value is assumed to be a Slow Protocol
frame. An implementation that claims conformance to this standard shall handle all Slow Protocol frames as
follows:

a)  Discard any Slow Protocol frame that carries an illegal value of Protocol Subtype (see Table 43B-3).
Such frames shall not be passed to the MAC Client.

b)  Pass any Slow Protocol frames that carry Protocol Subtype values that identify supported Slow Pro-
tocols to the protocol entity for the identified Slow Protocol.

c)  Pass any Slow Protocol frames that carry Protocol Subtype values that identify unsupported Slow
Protocols to the MAC Client.

NOTE —The intent of these rules is twofold. First, they rigidly enforce the maximum number of Slow Protocols, ensur-
ing that early implementations of this mechanism do not become invalidated as a result of “scope creep.” Second, they
make it clear that the appropriate thing to do in any embedded frame parsing mechanism is to pass frames destined for
unsupported protocols up to the MAC Client rather than discarding them, thus allowing for the possibility that, in soft
configurable systems, the MAC Client might be enhanced in the future in order to support protocols that were not imple-
mented in the hardware.
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43B.6 Protocol Implementation Conformance Statement SPICS) proforma for
Annex 43B, Requirements for support of Slow Protocols 3

43B.6.1 Introduction

The supplier of an implementation that is claimed to conform to Annex 43B shall complete the following
Protocol Implementation Conformance Statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

43B.6.2 Identification

43B.6.2.1 Implementation identification

Supplier (Note 1)
Contact point for queries about the PICS (Note 1)
Implementation Name(s) and Version(s) (Notes 1 and 3)

Other information necessary for full identification—e.g.,
name(s) and version(s) of machines and/or operating
system names (Note 2)

NOTES

1—Required lor all implementations.

2—May be completed as appropriate in meeting the requirements for the identification.

3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminology
(e.g., Type, Series, Model).

43B.6.2.2 Protocol summary

Identification of protocol specification IEEE Std 802.3-2002%, Annex 43B, Requirements for
support ol Slow Protocols.

Identification of amendments and corrigenda to the
PICS proforma which have been completed as part of
the PICS

Have any Exception items been required? Nol[] Yes|[] .
(See Clause 21: the answer Yes means that the implementation does not conform to IEEE Std 802 .3-2002®, Annex
43B, Requirements for support of Slow Protocols.)

Date of Statement

MCeryrighr release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this annex so that it can be
used for its intended purpose and may further publish the completed PICS.
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43B.6.2.3 Transmission characteristics

Item Feature Subclause Value/Comment Status Support
SP1 Transmission rate 43B .2 Max 5 frames in any M Yes [ ]
one-second period
SP2 Frame size 43B.2 Normal IEEE 802.3% M Yes [ ]
frame size range (see
442)
SP3 Frame format 43B.2 Basic (not Tagged) M Yes [ ]

frame format

43B.6.2.4 Frame handling

Item Feature Subclause Value/Comment Status Support

FH1 Handling of Slow Protocol 43B.5 As specified in 43B.5 M Yes | ]
frames

(o
-]
2
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Annex 43C

(informative)

LACP standby link selection and dynamic Key management

43C.1 Introduction

While any two ports on a given system that have been assigned the same administrative Key may be capable
of aggregation, it is not necessarily the case that an arbitrary selection of such ports can be aggregated. (Keys
may have been deliberately assigned to allow one link to be operated specifically as a hot standby for
another). A system may reasonably limit the number of ports attached to a single Aggregator, or the particu-
lar way more than two ports can be combined.

In cases where both communicating systems have constraints on aggregation, it is necessary for them both to
agree to some extent on the links to be selected for aggregation and on which not to use. Otherwise it might
be possible for the two systems to make different selections, possibly resulting in no communication at all.

When one or more links have to be selected as standby, it is possible that they could be used as part of a dif-
ferent Link Aggregation Group. For this to happen, one or another of the communicating systems has to
change the operational Key values used for the ports attached to those links.

If the operational Key values were to be changed independently by each system, the resulting set of aggrega-
tions could be unpredictable. It is possible that numerous aggregations, each containing a single link, may
result. Worse, with no constraint on changes, the process of both systems independently searching for the
best combination of operational Key values may never end.

This annex describes protocol rules for standby link selection and dynamic Key management. It provides

examples of a dynamic Key management algorithm applied to connections between systems with various
aggregation constraints.

43C.2 Goals

The protocol rules presented
a)  Enable coordinated, predictable, and reproducible standby link selections.
b) Permit predictable and reproducible partitioning of links into aggregations by dynamic Key
management.
They do not require
c¢) A LACP system to understand all the constraints on aggregations of multiple ports that might be

imposed by other systems.
d)  Correct configuration of parameters, i.c., they retain the plug and play attributes of LACP.
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43C.3 Standby link selection

Every link between systems operating LACP is assigned a unique priority. This priority comprises (in prior-
ity order) the System Priority, System ID, Port Priority, and Port Number of the higher-priority system. In
priority comparisons, numerically lower values have higher priority.

Ports are considered for active use in an aggregation in link priority order, starting with the port attached to
the highest priority link. Each port is selected for active use if preceding higher priority selections can also
be maintained, otherwise the port is selected as standby.

43C.4 Dynamic Key management

Dynamic Key management changes the Key values used for links that either system has selected as a
standby to allow use of more links. Whether this is desirable depends on their use. For example, if a single
spanning tree is being used throughout the network, separating standby links into a separate aggregation
serves little purpose. In contrast, if equal cost load sharing is being provided by routing, making additional
bandwidth available in a separate Link Aggregation Group may be preferable to holding links in standby to
provide link resilience.

The communicating system with the higher priority (as determined by System Priority and unique System
ID) controls dynamic Key changes. Dynamic Key changes may only be made by this controlling system.

NOTE —The controlling system can observe the port priorities assigned by the Partner system, if it wishes to take these
into account.

This rule prevents the confusion that could arise if both systems change Keys simultaneously. In principle
the controlling system might search all possible Key combinations for the best way to partition the links into
groups. In practice the number of times that Keys may have to be changed to yield acceptable results is
small.

After each Key change, the controlling system assesses which links are being held in standby by its Partner.
Although there is no direct indication of this decision, standby links will be held OUT_OF_SYNC. After
matched information is received from the protocol Partner, and before acting on this information, a “settling
time” allows for the Partner’s aggregate wait delay, and for the selected links to be aggregated. Twice the
Aggregate Wait Time (the expiry period for the wait while_timer), i.c., 4 seconds, should be ample. If
matched Partner information indicates that all the links that the Actor can make active have been brought
IN_SYNC, it can proceed to change Keys on other links without further delay.

43C.5 A dynamic Key management algorithm
The following algorithm is simple but effective.
After the “settling time” (see 43C.4) has elapsed, the controlling system scans its ports in the Link Aggrega-
tion Group (i.e., all those ports with a specific operational Key value that have the same Partner System Pri-
ority, System ID, and Key) in descending priority order.
For each port, it may wish to know

a) s the port (i.c., the Actor) capable of being aggregated with the ports already selected for aggrega-

tion with the current Key? Alternatively is the Actor not capable of this aggregation?
b) Is the port’s Partner IN_SYNC or is the Partner OUT_OF_SYNC?
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And as it inspects each port it may
c)  Select the port to be part of the aggregation with the current Key.
d)  Retain the current Key for a further iteration of the algorithm, without selecting the port to be part of
the current aggregation.
e) Change the operational Key to a new value. Once a new value is chosen, all the ports in the current
Link Aggregation Group that have their Keys changed will be changed to this new value.
As the ports are scanned for the first time
1)  The highest priority port is always selected.
If it is capable and IN_SYNC, move to step 2).

Otherwise, change the operational Key of all other ports (if any) in this Link Aggregation Group,
and apply this dynamic Key algorithm to those ports, beginning with step 1), after the settling time.

2)  Move to the next port.
IF there is a next port, continue at step 3).
Otherwise, dynamic Key changes for ports with this operational Key are complete.
Note that ports that were once in the same aggregation may have had their operational Keys changed
to (further) new values. If so, apply the dynamic Key management algorithms to those ports, begin-
ning with step 1), after the settling time.
3)  If this port is capable and IN_SYNC:
select it, and repeat from step 2).
If this port is OUT_OF _SYNC:
change the operational Key, and repeat from step 2).
If this port is not capable but IN_SYNC:
change the operational Key, move to step 4).
4)  Move to the next port.
If there is a next port, continue at step 5).
Otherwise If there are still ports in the current Link Aggregation Group (which will have the current
operational Key), wait for the settling time and appy the dynamic Key management algorithm,
beginning with the first such port, at step 3).
Otherwise, dynamic Key changes for ports with this operational Key are complete.
5) If this port is capable:
retain the current Key and repeat from step 2).

Otherwise, change the operational Key and repeat from step 2).
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This procedure is repeated until no OUT_OF_SYNC links remain, or a limit on the number of steps has been
reached.

If the Partner’s System ID changes on any link at any time, the Actor’s operational Key for that link should
revert to the administrative Key value, and the dynamic Key procedure should be rerun. This may involve
changing the operational Key values for all the links that were assigned Key values subsequent to the change
in Key for the link with the new Partner.

43C.6 Example 1

Two systems, A and B, are connected by four parallel links. Each system can support a maximum of two
links in an aggregation. They are connected as shown in Figure 43C—1. System A is the higher priority
system.

System A System B
1 4
2 3
2

Figure 43C-1—Example 1

The administrative Key for all of System A and System B’s ports is 1. Neither system knows before the con-
figuration is chosen that all its ports would attach to links of the same Partner system. Equally, if the links
were attached to two different systems, it is not known which pair of links (e.g., 1 and 2, or 1 and 4) would
be attached to the same Partner. So choosing the administrative Keys values to be identical for four ports,
cven though only two could be actively aggregated, is very rcasonable.

If there was no rule for selecting standby links, System A and System B might have both selected their own
ports 1 and 2 as the active links, and there would be no communication. With the rule, the links A1-B4 and
A2-B3 will become active, while A3-B2 and A4-B1 will be standby.

Since System A is the higher-priority system, System B’s operational Key values will remain 1 while
System A may dynamically change Keys, though it may choose to retain the standby links. Following the
Key management algorithm suggested, System A would be able to change the Keys for A3 and A4 in a little
over 2 seconds (depending on how fast System B completes the process of attaching its ports to the selected
Aggregator) after the connections were first made, and both aggregations could be operating within
5 seconds.

If System A’s aggregations were to be constrained to a maximum of three links, rather than two, while Sys-

tem B’s are still constrained to two, the suggested algorithm would delay for 4 seconds before changing
Keys. Both aggregations could be operating within 7 seconds.
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43C.7 Example 2

A system has the odd design constraint that each of its four ports may be aggregated with one other as
follows:

a)  Port 1 with port 2, or port 4.
b)  Port 2 with port 3, or port 1.
¢)  Port 3 with port 4, or port 2.
d)  Port 4 with port 1, or port 3.

This is equivalent to each port being able to aggregate with either neighbor, understanding the ports to be
arranged in a circle.

Two such systems are connected with four parallel links as shown in Figure 43C-2.

System A System B
1
o o’
2 3
O O
3 2
4 O O 1
O O

Figure 43C-2—Example 2a

Just as for Example 1, links A1-B4 and A2-B3 become active without changing the operational Key from its
original administrative value. The Key for A3 and A4 is changed as soon as they become active, and a few
seconds later A3-B2 and A4-B1 become active in a separate aggregation.

If the two systems had been connected as shown in Figure 43C-3:

System A System B
4 4
3 (s k) 3
o O
2 2
1 ol O 1
O O

Figure 43C-3—Example 2b
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the following would occur, assuming that System A operates the simple algorithm already described.

Initially System A advertises an operational Key equal to the administrative Key value of 1 on all ports. Sys-
tem B first selects B1 as active; since the link connects to A1 it has the highest priority. The next highest pri-
ority link is B3-A2, but System B cannot aggregatc B3 with B1, so System B makes this port standby.
System B can aggregate B4-A3, so the port is made active. Finally if B4 is aggregated with B1, B2 cannot be
aggregated, so B2 is made standby.

System A, observing the resulting synchronization status from System B, assigns a Key value of 2 to ports 2
and 3, retaining the initial Key of 1 for ports 1 and 4. System B will remove B4 from the aggregation with
B1, and substitute B2. B3 and B4 will be aggregated. In the final configuration A1-B1 and A4-B2 are aggre-
gated, as are A2-B3 and A3-B4.
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