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EEE Negotiation Considerations

= Negotiation Requirements
1. Advertise EEE capabilities between link partners
2. Negotiate the best, common set of PHY parameters
3. Ability to change Tw, based on system needs, without breaking link
4. Support for any type of Ethernet system

= Mechanisms Considered:
- Auto-Negotiation, MAC Control Frames (MCF), Link Layer Data Protocol (LLDP)

= (Conclusions:
- No single mechanism meets all requirements

- Auto-neg is best for advertising EEE capabilities and PHY parameters because
it's supported by the broadest range of applications

- MCF & LLDP are both capable of Tw re-negotiation
- LLDP is preferred due to similar usage in other standards (e.g. 802.3at)
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EEE Timing Parameters

Term Description

Sleep Time (Ts) Duration PHY sends Sleep symbols before going Quiet.

Quiet Duration (Tq) Duration PHY remains Quiet before it must wake for Refresh period.
Refresh Duration (Tr) Duration PHY sends Refresh symbols for timing recovery and coefficient

synchronization.

Wake Time (Tw) Wait period where no data is transmitted to give the receiving system
time to wake up.

Active Low-Power Active
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EEE Negotiation Proposal

= Auto-Negotiate EEE support and PHY parameters (required)
- Ts specified for each PHY as fixed value

- Tq, Tr combinations advertised

= Up to two Tq, Tr combinations to be specified for each PHY
- "Reduced energy” duty cycle - Tq:Tr = n:1
- "“Lowest energy” duty cycle - Tq:Tr > n:1

= PHYSs advertise most energy-efficient combination supported and
negotiate to lowest common value to ensure robust link quality

- Tw default value specified for each PHY
= Default = Tw_,, to ensure interoperability and prioritize performance

= Use LLDP to change Tw, based on system capabilities &
application requirements (optional)

- Tw.;,and Tw_,, values to be specified as boundary conditions

- Higher Tw allows systems to enter deeper power-saving states,
Lower Tw provides better performance (See Hays_01_0108)
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EEE Auto-Neg Extension (1 of 3)

Use Message Next Page (Page 0) with reserved OxOA message code for
EEE Technology Next Page Message code (Annex 28C and Annex 73A).

Message M M MM M M| M|{M| M| M| M | Message Code Description

Count# 10,987 |6|5|4|3|2]|1/|0

10 Oo(O0O[O0O]J]O0O]O0f(O0O]O0]1 0| 1 O | EEE Technology Message Code. EEE
capability 2 unformatted next pages
to follow.

11 .. O]l 0000|001 0| 1 1 | Reserved for future
Auto-Negotiation use
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EEE Auto-Neg Extension (2 of 3)

Use Unformatted next page (Page 1) to define IEEE 8023.az support.

Bit Bit definition

u1o0 Next page - 1

U9:Ub Reserved, transmit as O

U5 T10GBASE-KR EEE support (0 = no, 1 = yes)
U4 10GBASE-KX4 EEE support (0 =no, 1 = yes)
u3* Reserved, transmit as O

U2 T0GBASE-T EEE support (0 = no, 1 = yes)
U1 T000BASE-T EEE support (0 =no, 1 = yes)
uo T00BASE-TX EEE support (0O = no, 1 = yes)

*Note: U3 is reserved for possible future 1000BASE-KX EEE support.
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EEE Auto-Neg Extension (3 of 3)

Use Unformatted next page (Page 2) to define PHY energy efficiency level.

Bit Bit definition

u1o Next page (to enable support of future technologies)
U9:Ub Reserved, transmit as O

US 10GBASE-KR PHY energy (O = Reduced, 1 = Lowest)
U4 10GBASE-KX4 PHY energy (0O = Reduced, 1 = Lowest)
u3* Reserved, transmit as O

U2 10GBASE-T PHY energy (O = Reduced, 1 = Lowest)
U1 1000BASE-T PHY energy (O = Reduced, 1 = Lowest)
uo T100BASE-TX PHY energy (O = Reduced, 1 = Lowest)

*Note: U3 is reserved for possible future 1000BASE-KX EEE support.
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LLDP Twake Negotiation
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LP1 EEE Tw value change request

Acknowledge LLDP (ALLDP):
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= LLDP-based control protocol:

LP1 requests Tw change to value X

LP2 acknowledges request with new
Tw value of X or Y, which ever is lower

EEE may resume with new Tw value

= Tw values:

Tw,.. (default value) to be specified as
a function of PHY resume capabilities

Tw_., to be specified to bound design
and test requirements

Tw (actual value) negotiated to LCD as
dictated by system capabilities (e.g.
buffer depths) and performance priority
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EEE LLDP Frame

Bytes Content Value Description
6 MAC DA 01-80-C2-00-00-0€ LLDP_Multicast address
6 MAC SA MAC address of sending station or port
2 Ethertype 88-CC LLDP Ethertype
9 Chassis ID TLV Mandatory TLV (see 802.1AB)
9 Port ID TLV Mandatory TLV (see 802.1AB)
4 Time To Live TLV Mandatory TLV (see 802.1AB)
2 TLV type/Length 12717 TLV Type and Length
3 Oul 00-12-0F 802.3 OUI
1 Subtype 8D Energy Efficient Ethernet 802.3 subtype
2 Twake Wake Time prior to move into Active state
1 Acknowledge Acknowledge
2 End Of LLDPDU TLV 00-00 Mandatory TLV (see 802.1AB)
16 Padding + CRC
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EEE LLDP Twake and Acknowledge

Twake Field

Bit

Content

Value

Description

15:0

Twake

Wake Time, in microseconds, when no data is transmitted to give the
receiving system time to wake up from Low-Power state.

Valid range of values is TBD

Acknowledge Field

Bit | Content Value Description

7:1 Reserved 0x0 Reserved

0 Ack Acknowledge - Indicates the response to the last change in requested
802.3az parameters change.
O = Initial CLLDP request frame
1 = Acknowledge frame
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Opens

= Auto-neg state machine modifications

= EEE capabilities in Mll extension registers
. 802 1AB spec changes for EEE

= Tsvalues

= Tq, Tr combinations

= Tw.,and Tw,__, values
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Auto-negotiation - Transmitter, Fig 40C-2
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Auto-negotiation - Receiver, Fig 40C-3
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LLDPDU and TLV format (802.1AB)

LLDPDU Format

Chassis |D Part ID Time To Optional Optional End Of
TLY TLY Live TLY LY TLY LLDPDU TLY
M M ] M

M - mandatory TLY - required for all LLDPDUs

TLV Format
¥ . TLY Info ]
TLV Type I,;m:g L'E'EE” TLV Information String
T hits 9 bits 0 =n=511 octets
-iff}—— TLY Hoadar ———y-
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LLDP IEEE 802.3 TLV Subtypes (802.1AB)

Table G-1—IEEE 802.3 Organizationally Specific TLVs

IEEE 501.1 subtype TLV name Subclanse reference

0 resarvad —
MACPHY Confizuration Statas

2 Power Via MDI
Lmk Aggragation i 4

+ Maxionim Frame Size i

5255 raserved —
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