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Scope and purpose

• Illustrate changes to IEEE 802.3 Clause 40 required to implement 
concepts described in healey_01_0308

• Provide detailed timing diagrams illustrating the operation of the 
proposed state diagrams

• Estimate the worst-case time to wake up from low-power idle



4May 13, 2008 IEEE P802.3az Task Force

GMII signaling: Transmit
• Table 35-1

TX_EN TX_ER TXD[7:0] Description PLS_DATA.request parameter

0 0 00 through FF Normal inter-frame TRANSMIT_COMPLETE

0 1 00 Reserved —

0 1 01 EEE low power idle LP_IDLE

0 1 02 through 0E Reserved —

0 1 0F Carrier extend EXTEND (eight bits)

… … … … …
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GMII signaling: Receive
• Table 35-2

RX_DV RX_ER RXD[7:0] Description PLS_DATA.indication 
parameter

0 0 00 through FF Normal inter-frame No applicable parameter

0 1 00 Normal inter-frame No applicable parameter

0 1 01 EEE low power idle LP_IDLE
0 1 02 through 0D Reserved —

0 1 0E False carrier indication No applicable parameter

… … … … …
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PCS encoding of LP_IDLE
• 40.3.1.3.4 Generation of bits Sdn [8:0]

The bit Sdn [3] is used to scramble the GMII data bit TXDn [3] during data mode 
and to encode loc_lpi_req otherwise. It is defined as
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New variables

• lpi_mode
– Set to ON when the PHY is in low-power idle mode and set to OFF 

otherwise.

• loc_lpi_req
– Set to TRUE when the transmit MAC indicates it is going to sleep, and 

requesting low-power idle mode, via the GMII, and set to FALSE otherwise.

• rem_lpi_req
– This is the link partner’s version of loc_lpi_req.

• pma_rx_indicate
– Indicate that transmission from the link partner has been received at the 

MDI. This signal will be set to FALSE when the PHY detects that the link 
partner is sending zero (the link partner tx_mode = SEND_Z) and will be set 
to TRUE otherwise.
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New timers

• lpi_timer
– Generic timer function used for the various durations ts , tq , tw , and tu .

• lpi_wt_timer
– Time the PHY transmits before it transitions to the WAKE_SILENT state 

following initiation of wake.

• lpi_wz_timer
– Time the MASTER PHY remains in the WAKE_SILENT state (transmitting 

ZERO) before transitioning to the WAKE_TRAINING state.

• lpi_min_timer
– Minimum time, tm , the PHY waits in the WAKE_TRAINING state before 

going back into ACTIVE mode.
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PCS Transmit state diagram, Figure 40–9

SEND LP_IDLE
1000BTtransmit <= FALSE
COL <= FALSE
tx_symb_vector <= IDLE
loc_lpi_req <= TRUE
PUDR

A

STD * 
tx_enable = FALSE *
tx_error = FALSE

STD * 
tx_enable = FALSE *

tx_error = TRUE *
TXD<7:0> = 0x01

STD * 
tx_enable = FALSE *

tx_error = FALSE

SEND IDLE
1000BTtransmit <= FALSE
COL <= FALSE
tx_symb_vector <= IDLE
loc_lpi_req <= FALSE
PUDR
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PCS Receive state diagram part a, Figure 40–10a

LP_IDLE
RX_ER <= TRUE
RXD<7:0> <= 0x01

rem_lpi_req = FALSE *
lpi_mode = OFF

((Rxn ) ∈

 

IDLE) *
(rem_lpi_req = TRUE + lpi_mode = ON)
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PHY Control state diagram, Figure 40–15

B

C

loc_lpi_req = TRUE *
rem_lpi_req = TRUE

SEND IDLE OR DATA
stop maxwait_timer
start minwait_timer
tx_mode <= SEND_N
lpi_mode <= OFF

A

SLAVE SILENT
start maxwait_timer
tx_mode <= SEND_Z
lpi_mode <= OFF
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Low-power idle state diagram (PHY Control extension)

SLEEP
tx_mode <= SEND_I
lpi_mode <= ON
start lpi_timer( ts )

A

WAIT_QUIET
tx_mode <= SEND_Z
lpi_mode <= ON
start lpi_min_timer

QUIET
tx_mode <= SEND_Z
lpi_mode <= ON
start lpi_timer( tq )

lpi_timer_done +
pma_rx_indicate = FALSE +
loc_lpi_req = FALSE +
rem_lpi_req = FALSE

pma_rx_indicate = FALSE +
loc_lpi_req = FALSE +
rem_lpi_req = FALSE

lpi_timer_done +
loc_lpi_req = FALSE +

pma_rx_indicate = TRUE

WAKE

lpi_wt_timer_done +
pma_rx_indicate = TRUE

WAKE_SILENT
tx_mode <= SEND_Z
lpi_mode <= ON

(config = MASTER * 
lpi_wz_timer_done) +

scr_status = OK

WAKE_TRAINING
tx_mode <= SEND_I
lpi_mode <= ON

UPDATE
tx_mode <= SEND_I
lpi_mode <= ON
start_lpi_timer( tu )

lpi_min_timer_done *
loc_rcvr_status = OK *
rem_rcvr_status = OK

loc_lpi_req = FALSE +
rem_lpi_req = FALSE

loc_lpi_req = TRUE *
rem_lpi_req = TRUE *

lpi_timer_done

lpi_timer_done

C

B

lpi_timer_done

Blpi_min_timer_done

B

tx_mode <= SEND_I
lpi_mode <= ON
start lpi_timer( tw )
start lpi_wt_timer
start lpi_wz_timer
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Timing diagram: Only Master or Slave sleeps

A ACTIVE
(SEND IDLE OR DATA)

S SLEEP

A

loc_lpi_req = TRUE

t1 (TX latency)

LP1

rem_lpi_req = TRUE

t2 (RX latency)

LP2

LP_IDLE
A

loc_lpi_req = TRUE

Srem_lpi_req = TRUE adaptation stopped

tsa ts > 2 (t1 + tp + t2 )

T WAKE_TRAINING

tp (propagation)

LP_IDLE
loc_lpi_req = FALSE

IDLE

rem_lpi_req = FALSE

T

A

tm
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Q

Timing diagram: Enter low-power idle

A ACTIVE
(SEND IDLE OR DATA)

S SLEEP

WQ WAIT_QUIET

Q QUIET
A

loc_lpi_req = TRUE

t1 (TX latency)

LP1

rem_lpi_req = TRUE

t2 (RX latency)

LP2

LP_IDLE

A

loc_lpi_req = TRUE

S

S

rem_lpi_req = TRUE adaptation stopped

tsa ts > tsa + t2

WQ

tsa

pma_rx_indicate = FALSE

pma_rx_indicate = FALSE

Q
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A

Timing diagram: Master wakes up first

A ACTIVE
(SEND IDLE OR DATA)

S SLEEP

WQ WAIT_QUIET

Q QUIET

W WAKE

Z WAKE_SILENT

T WAKE_TRAINING

LP1 (M) LP2 (S)

Q

Q
loc_lpi_req = FALSE

W

lpi_wt_timer_done

tw1 (TX power-on)

pma_rx_indicate = TRUE

tw2 (energy detector)IDLE

IDLE

1

T

Z

tw4 (RX stable)

tscr

scr_status = OK

rem_lpi_req = FALSE

T

trcvr

loc_rcvr_status = OK

A

rem_rcvr_status = OK

IDLE

LP_IDLE

LP_IDLE

trcvr

loc_rcvr_status = OK
rem_rcvr_status = OK

tw3 (TX stable)

tw

2

4

5

t2

t2

t1

tw = (tw1 + tp + tw2 ) + tw4 + tscr + (t1 + tp + t2 ) + trcvr

3

1 2 3 4 5

Zlpi_wz_timer_done
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Wake-up time analysis: Master wakes up first

Label Max. Units
1,650 BT
5,000 BT
3,000 BT

878 BT
1,000 BT

tw 11,528 BT

• Times chosen to allow very low power during quiescent mode
• The wake up time includes two cable propagation delays
• Maximum envelope frame size, with preamble and minimum inter-frame gap, 

is 16,160 BT 

tw = (tw1 + tp + tw2 ) + tw4 + tscr + (t1 + tp + t2 ) + trcvr

1 2 3 4 5

1

2

3

4

5
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Z

Q

Q

Timing diagram: Slave wakes up first

A ACTIVE
(SEND IDLE OR DATA)

S SLEEP

WQ WAIT_QUIET

Q QUIET

W WAKE

Z WAKE_SILENT

T WAKE_TRAINING

LP1 (S) LP2 (M)

loc_lpi_req = FALSE

W

lpi_wt_timer_done

tw1 (TX power-on)

pma_rx_indicate = TRUE

tw2 (energy detector)

T

tw3 (TX stable)

t1

IDLE

ZERO

LP_IDLE

tscr

T

scr_status = OK IDLE

pma_rx_indicate = TRUE
rem_lpi_req = FALSE

loc_rcvr_status = OK

tw

trcvr

loc_rcvr_status = OK

t2

trcvr

A

Arem_rcvr_status = OK

IDLE

LP_IDLEt2

1

3

4

5

67

tw = (tw1 + tp + tw2 ) + tw3 + (t1 + tp + t2 ) + tscr + (t1 + tp + t2 ) + trcvr + (t1 + tp + t2 )

1 2 3 5 6 7

pma_rx_indicate = FALSE
Z

t2
t1

lpi_wz_timer_done

2

4
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Wake-up time analysis: Slave wakes up first

Label Max. Units
1,650 BT
5,000 BT

878 BT
3,000 BT

878 BT
1,000 BT

878 BT
tw 13,284 BT

tw = (tw1 + tp + tw2 ) + tw3 + (t1 + tp + t2 ) + tscr + (t1 + tp + t2 ) + trcvr + (t1 + tp + t2 )
1 2 3 4 5 6 7

1

2

3

4

5

6

7

• Times chosen to allow very low power during quiescent mode
• The wake up time includes four cable propagation delays
• Maximum envelope frame size, with preamble and minimum inter-frame gap, 

is 16,160 BT 
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Timing diagram: Refresh

WQ WAIT_QUIET

Q QUIET

W WAKE

Z WAKE_SILENT

T WAKE_TRAINING

LP1 (M) LP2 (S)

Q

Q
loc_lpi_req = TRUE

W

lpi_wt_timer_done

tw1 (TX power-on)

pma_rx_indicate = TRUE

tw2 (energy detector)LP_IDLE

LP_IDLE

T

Z

tw4 (RX stable)

scr_status = OK

rem_lpi_req = TRUE

T

trcvr

loc_rcvr_status = OK

rem_rcvr_status = OK

LP_IDLE

LP_IDLE

trcvr

loc_rcvr_status = OK
rem_rcvr_status = OK

tw3 (TX stable)

tr

t2

t2

t1

Zlpi_wz_timer_done

Q

U

tscr

U

WQ

ZERO

tu

LP_IDLE

ZERO

U UPDATE
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Timing recovery simulation results
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1000BASE-T timing parameters (current view)

Label Parameter Min. Typ. Max. Units

ts Minimum time PHY transmits before going quiet TBD ms

tm
Minimum time PHY waits in the WAKE_TRAINING state 
before returning to normal operation 1.8 μs

tq Time PHY remains quiet before sending refresh 100 ms

tu
Time PHY transmits during refresh to enable timing and 
coefficient update 1 ms

twt Time PHY transmits to initiate wake-up in the link partner TBD ms

tw3 Transmitter stabilization time 5.0 μs

tw
Maximum time to transition from low-power idle to normal 
operation 13.3 μs
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Summary

• 1000BASE-T low-power idle may be implemented with modest  
modifications of the existing Clause 40 state diagrams and a new state 
diagram defining behavior in the low-power mode

• The worst-case time to wake up from low-power idle is estimated to be 
less than the time to transmit a maximum length envelope frame

• Auto-negotiation of Energy Efficient Ethernet capability, and timing 
parameters still need to be described
– Identify which parameters should be negotiated, and which should be fixed
– Define the range, resolution, and encoding of timing parameters
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