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Low-Power Idle (LPI) Mode Features

 Low-Power Idle (LP_IDLE or LPI) mode is Active LPI Refresh
a quite line Low Power Idle State that A [ State state [ State
consumes minimum power . . I “TTActive Power BT
* LPI mode allows Asymmetrical operation %
* LPI mode may have periodic Refresh =/ \ 1dle Power [ H [
(R_DILE) state to allow the maintenance of
— clock synchronization ‘ Y Y o
— coefficients of channel equalization & Idle Refresh Refresh ~ Wakeup
various cancellers Delay  Period Duration Delay
° LLPI Request Signal (LP IDLE Signal) 1s: Realtek Single Port Ethernet NIC RTL816X O Active
— A normal carrier with_newly defined idle power Measurement (PElerMACHEHY) = dle
codeword 900

781 777

®
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S

* LPI Refresh Signal (R _IDLE Signal) is:

— A normal carrier with newly defined idle
codeword (same with LP_IDLE Signal)

« LPI Wakeup Signal is:

— A normal carrier with Normal IDLE
(N_IDLE) codeword

LPI mode is initiated and terminated from

)
9
g
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o
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the layer on or above MAC .
*  Support different level of LPI modes on 0 n | 10 100 1000
system level Baud rate (Mbps)

*  Only one LPI mode is supported in PHY
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LPI Transition Diagram (Idle)

LPI Request from MAC ; space ;3
layer or above (Enter LPI) > > LP_IDLE Delay
— . > 2 = o T, =T2+T12)< 1 us
/" TX Latency (Tla <0.1us) > ® =
4 Gab,,lg_bPropagatlon
delay (Tcb-= 0. Sus)
T, < ; _____ _| LPI_request arrives
4 ' T1=Tla+Tcb : |1 fm----o-- oo Sy
b I = B il X . RX AFE/DSP processing
. TX LPI mode wait time; ! | |& = | time (T2a= 0.1 us)
\4 Transmitting LP_IDLE < % S
Codewords (T2< 0 9 us) I_ g RX PCS descrambling time
= ® ' (T2b = 0.2 us) i
(0] ' 1
m I_ l__________________________________________________________________I
u%)' T | U RX DSP freezing time ,
S @ ' (T2¢ = 0.1 us)
QD o e e |
M c |
TX stop transmittin 2 I N ettt ittty
P = ; > RX additional wait time (T2d)
1 T~ | |
RS >
RX stops & enable
signal detection
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LPI Transition Diagram (Wakeup)

Wakeup Request from MAC >< space >;3
yer of soove (e P L5 I o LPI Wakeup Delay
| TX MAC/PCS wakeup g Ty =15+T4a+140) < 10 uS
(! time (T4a = 0.1 us) ®
' TX AFE/DSP wakeup |
. : time (T4b = 0.5 us) ( I3 Cablem}?ropagatlon
w < _____________________________ 0 delay (Tcb=.0.5us) ) )
! Normal idle arrives
O | oo ______ : > 1
PoTmmTommsooomsoomoooooes o | — | & RX Signal Detection time
. TX wakeup wait time; z [ T4=T4a+ T4b+Tcb ;[ | (T5a=0.5 us) !
\E Transmitting N_IDLE IG E :
\ symbols (T5 <9 us) AN = S . RX AFE wakeup time :
----------------------------- T ® N i (T5b=0.5 us) |
wn Frrrssrssrrssrrsrrssrssrrsscs-osocd
3 © RX DSP/clock retrain time !
= : (T5¢ = 6 us)
\, g | . RXPCS descrambling time
TX Transmitting Data >, o (T5d 0.1 us)
5 ' RX additional wait time (T5e) |
=t TN ———————————
® Q Data arrives
>
o
=
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LPI Transition Diagram (Refresh)

X space X
- — .
Periodic Refresh request 9 I Y R_IDLE duration
T Ranneer g Tgr ETy+16+12) < 11 US
/' TX MAC/PCS wakeup ®
. time (T4a ~ 0.1 us)
' TX AFE/DSP wakeup .
T K | time (T4b=0.5 us) - Cable Propagation
R T », delay-(Tcb = 0.5us)
| TX wakeup wait time; ! § L - )
. Codewords (TS<9wus) | | [~ |77 Q
Ty < ____________________________ I'-U = Lo
oo = 3 > RX wakeup time '
. Optional TX Refresh time (T6) | Mg o |[i (T5=9us) i
poosmmmmommmmommootomomte | T~ e
. TX LPI mode wait time; = §
\J Transmitting LP_IDLE g o I A |
\ Codewords (T2 < 0.9 us) 21+ Optional Refresh time (T6) !
— - A
TX stops Transmitting z ' RX freezing time (T2) !
RS e
py) RX stops & enable
ﬁ signal detection
U
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LPI Transition Timing Diagram

Idle Request Wakeup Request
Power
A ;

T TX Active Power
Local TX i
TX Idle Power
i » Time
" RX Adtive Powe =
Remote RX ! Lo Lo
R : G
I TI’ TW’ TR’ TP : _ RX Idle POW(IBI' | 1:_ 'i : | _ '
I Required I - - - » Time
| Timers ! T4 T6>0? T4

T1 : LPI request latency = TX idle latency + Cable Propagation delay < 1 us
T2 @ LP Idle wait time = Time to allow remote RX to freeze before turning TX off <1 us

T3 : LP Refresh Period = Inter sync-frame time during LPI mode. For 100BaseT, 100 ms is very safe based on
the lab measurement. (1 hour is ok to maintain the 100BaseT coefficients and clock in sync)

T4 : LPI wakeup request latency = TX wakeup latency + Cable Propagation delay < 2 us.
TS5 * LP Idle Wakeup time = Time to allow remote RX to restore equalizer and to synchronize clock <9 us

T6 : Optional Additional Refresh time = Optional additional time in Sync Frame for RX before returning to LPI
state; vendor dependent; may be used for MAC control frame > 0 us
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LPI Transition Simulations

Idle Request Wakeup Request
Power
" TX Active Power
Local TX
Time
Remote RX
Time

Note: Local and
Remote Frequency
offset = 600ppm
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" LPI Mode Implementation Considerations

« LPI mode power saving depends on:
— Idle power consumptions
— Ratio of R_IDLE duration (Ty) vs. Refresh Period during LP_IDLE (T,)
— Multiple system sleep levels (with only one Phy LPT)
* Timers and Parameters
— Timers for LPI state transitions and failure recovery

— Transition delays for various sleep level
+ Idle delay (T,)
« Active (Wakeup) delay (Ty,)

— R_IDLE duration (Tg) and Refresh Period (Tp)
— Advertised in new AN capability pages during Auto-Negotiation
« Control Policy and Communications between layers of MAC and PHY

* Decision of Low-Power Idle/Active states between PHY and PHY
— Initiated from MAC layer or above, but implemented in PHY level
— Use Special Codeword for LPI request and Refresh Signal
— Use Normal IDLE codeword to wakeup
* Modifications of Existing 802.3 100Base-TX standard State Diagrams
— Auto-Negotiation State Diagram and AN registers/pages

— Modifications of LPI State Diagram for each Phy type
— Modifications of State Diagram of TX and RX
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Single Ethernet PHY Block Diagram
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Power estimations (100Base-TX PHY)

« Power estimation is based on Realtek RTL811x’s simulation data.
— Ptx: TX active power = 64 mW
— Prx: RX active power = 125 mW
— Pctl: Control, and clock driver power (w/o MAC, system bus) = 60 mW

P_full=Pcontrol + Ptx + Prx =60+64+125
=249 mW

P LPI=Pcontrol + (Ptx+Prx)*(T5+T2)/( T3+T5+T2)
= 60+(64+125)*10us/(10us+100ms)
~ 60 mW (TX and RX are in LPI)
P _LPI TX=Pcontrol + Ptx*(T5+T2)/( T3+T5+T2) + Prx
= 60+64*10us/(10us+100ms)+125
~ 185 mW (TX is in LPI )
P LPI RX=Pcontrol + Ptx + Prx*(T5+T2)/( T3+T5+T2))
= 60+64+125*10us/(10us+100ms)
~ 124 mW (RX is in LPI)
P MAC(TX) =29 mW; P MAC(RX) =43 mW
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13 Control Policy and Communications
between layers of MAC and PHY

LAN
LAN
- CSMA/CD CSMACD
REFERENCE
N ODEL LAYERS LAYERS
|
LAYERS | e | ! HIGHER LAYERS |
APBLICATION /| LLC (LOGICAL LINK CONTROL) <F“ame Based LLDP> LLC (LOGICAL LINK CONTROL)
/ OR OTHER MAC CLIENT OR OTHER MAC CLIENT
PRESENTATION| /| jiac—MEDIA ACCESS CONTROL MAC Control Frame> MAC—MEDIA ACCESS CONTROL
/

SESSION ;o | RECONCILIATION | | RECONCILIATION |

/

TRANSPORT |/ Ml —» Signal/ *MIl —p
i/ F PCs 7 Codeword 7 e 7
NETWORK | / //"' £t /A’, based /2 PCS
! L4 AL 4 v\ PHY /WA /i« | PHY
DATA LINK / /2 PND 7/ v.//, oo 7/
“*AUTONEG  |¢— S AUTONEG ¢

PHYSICAL MDI

________________ - MDI —p
{ MEDIUM < Signal/codeword based > “““ PNEBION

MDI = MEDIUM DEPENDENT INTERFACE
MIl = MEDIAINDEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER
PMA = PHYSICAL MEDIUM ATTACHMENT
PHY = PHYSICAL LAYER DEVICE

PMD = PHYSICAL MEDIUM DEPENDENT
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Negotiation between MAC and PHY
TRANSMIT RECEIVE CONTROL A — Signaling
L * Enter LPI

RX Signaling
* Receive LPI
* Receive NI

THD=3:0=
T _CLK  T¥ EN
TX_ER

AHd 03 DVIA

Figure 24-3—Interface mapping
Figure 228 shows the behavior nfRX_E‘R, RX_DV and RXD=3:0> during a False Carrier indication.
\

Ml
A
Fes “ | pma_lypa \
PMA Service ,', % eodeit m code-bit carri&r:status“‘
Interface ] - = link_status
! reemor_status |
PMA , \ “
] AN
1 \ ’ ‘\
PMD Service i e re_nrzi-bit ~ N
Interface ’,' be_nurzi-bit r_nrzi-bit signal_status ‘\\ /__: E -t
: | | L 121 TXSignaling
[ \ (= —’,—‘ 1
| Transmit Receive \ = E-::_ 1gnaling !
] \ T = . |
! - | * LP_IDLE Signal
Mo .' VLR L , |
! Vo E ! .~ N_IDLE Signal :
N = _,' ] -
‘I‘ \‘\ \\ >-<,/ oo ]
1 \ \,/
!
'
1

\
)I'\ t
................... e JUUUUULUUU UL
\
\
\

TX_EN _;' ______________________
oo oo o oo o oo e

reocs-__ AP R JE X K o Xe X Pod [ XL L X X\
RXD<3:0> AXXXH)(HX”X”}(X"X
TX_ER q \/
S Different TXD RX_ER % Different RXD
Figure 22-5—Propagating an error value at Figure 22-8—FNIS6 Garrler indicat value at
TX_EN=O tO Igure = alse Larrier inaication RX_ER=1 tO
convey LPI state convey LPI state
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Negotiation between PHY's
- Idle/Wakeup Request Codeword

Table 24-1—4B/5B code-groups

K Normal IDLE

PCS tl‘;l:}:;—grnup Name MII ['.l;;(‘]l::i]l!{]:l] e - codeword to Wakeup
4:[55 ]] 0 ame 3 2-] ] sl the Remote PHY
11111 I undefined < IDLE; }V
used as inter-stream fill ¢
| 00100 H Undefined Transmit Error;
N used to force signaling errors
v 0o00O0OaO0 W Undetfined Invalid code
E 00001 W Undefined Invalid code
I 00010 v Undefined Invalid code
D oo0o011 W Undefined Invalid code
oo0101 W Undefined Invalid code
oo0110 W Undefined Invalid code
01000 V Undefined Invalid code
01100 W Undetfined Invalid code
10000 W Undefined Invalid code
< 11001 _V Undefined Invalid code

Unused codeword for
LP_IDLE Signal to
Request LPI mode or
Refresh the Remote PHY
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LPI Transition State Diagrams (PHY)

Transmitter Receiver
f_— Reset f_— Reset
Normal State Normal State Codeword
Enter LPI Receive LP T, max expired
E 'Enter LPI — w_Inax_exp
(from MAC - & Receive NI.
: T, max expired
T, expired && R~ :
TX LPI wait Refresh State Freere RX && Receive_LPI RX
Send LI Send IC (start T) Wakeup State
(start T)) (start T}y) ! (start Ty, T)
I Signal '
Detectigh Slgnal_
Detection
EI eXpliePdi && TX LPI State TP expired && TI_max_expired RX LPI State
nter Stops TX Enter LPI && Receive LPI Stops RX T. max expired
T T R — :
(start T) (start T,) && ! Signal Detection
Note: Timer T# includes T# min & T# max Link failure
LPI=LP_IDLE Codeword (4B/5B) (g0 to RX

Energy Normal State)
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" LPI Transition State Diagrams (MAC)

Transmitter Receiver
f_ Reset f_ Reset
Start LI
X (from Decision RX
Normal State Maker) && Normal State
Request LPI T, expired && Receive LI. Receive NI
(from LPI ! Request_LPI  (from PHY, . . (from PHY)
o Link failure

Decision Maker) (from PHY)

Request LPI

TX LPI State X Wakeup State RX
Send Enter LPI Send !Enter LPI RX LPI State
to PHY to PHY (start Tyy) Wakeup State
! Request LPI ! Start LI
(from Decision
Maker)
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Further Discussions

* Control Policy Maker
— How many level of LPI modes? (at least two: MAC and PHY)
— Who makes the LPI decision? MAC or upper layers?

— Where is the Store and Forward Buffer located during LPI transition, PCS,
MAC or system ? (depending on the LPI State Machine)

» Idle mode negotiation
— Protocol or Signaling used between MACs and PHY's

« Is Asymmetrical LPI feasible for all PHYs?

 How to determine the range of Refresh Period? (measurements?)
e No Link (line disconnect) Detection during LPI mode.

» Criteria of Signal Detection

 Low Power state of System level (ex. PCle)

— It takes different order of time to power down and power up system bus
depending on the system sleep level

— It should not be included in the standard of EEE of Ethernet MAC/PHY.
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Questions?

Thank you
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G

100Base-TX Standard Modification
- Next Page for EEE capability

* Add new next page to exchange EEE capability in Auto-negotiation.
— 100M/10M: After base page
— 1G: After UP2

Energy
Efficient
Ethernet

PAGE 3 (Message Next Page ) for LPI

M10:MO

PAGE 4 (Unformatted Next Page ) for LPI

uo

LPI Enable

IEEE 802.3az January 2008 Interim Meeting
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* Add state
EEE MP TX
EEE UP TX
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100Base-TX Standard Modification

mr_np b1 E:2] = 0"

I - —
||_ _Software NULL TX("2) __ 1
: | et =1 |

ﬁ:;‘r:;u. + raremi_digakble = rue
ma_resiarl_negoliation = nue + 11w §
mi_suioney_enable = e l I
mi_auioneyg_complele = Fue
Resst_1000T Base_Paga_TX
ATME_CNT = o ma_asde_abiltNF] = 1000T_capable + me_bpNP] + EEE cap
B~ . mir_ady_abilit] 15 1] = me_bp{us:n] =2
_____________ ] i = true ® mr, L___r___________________l
"'“'-I'I’-"‘_“' b Ap_slemines® &ﬁl _capablestroe ° ﬂd Inlu | |
| 1000T_capable=isius * me_bpPiPj1 3 I L 1 ; |
1000T_MP_TX I EEE_MP_TX I
= b
| I ;‘n:__'r‘i:__:[ﬂ“L?L 1? Fﬁ"ﬂﬂf‘w m%wf;jpﬂ“tﬂ‘ : mr np W[L:1]=X |
| mr_np_b{MF] = 1 - aded etrus I mr_np_tx[NP]=1 |
| L — e page_re =mu| % || mr_np_t[MF]=1 :
I [F{mr_bp[MNP[*mr_Ip_np_ahle* |
I [ r_page i = tue stk finnhed = trae I next_page londed H me_bp[NF]* |
| | mr lp np able) |
| A000T_LIP1_TX " | THEN inr_next_page loaded=1 I
| “'PI?"# b1 1:1 i PR = 0 - | |
I y — mm:i_ + P ) ::Q" ibli!bw?‘% o I mr_page_rx=false I— I
WAL g rn-t.nw-d.rm.ludd-m- | mr page reetrue |
| m-r.v-p.r--hhq [ page_p = tnae | [WAITS T |
|
: I r_goge.rx = sk finhed s e [ :
| : *ack_finished
| EEE cap*mr pape 1x 1000T_UP2_Tx | [IT_pge_Txouek_fimshe :
| =ack fisished - e_rp._ i 1me |
i - e v e "'“:iﬂﬂm Tk | Y ¥ |
I ﬂ ‘.1.;.,..» TP S e o ot page il wirue | EEE_UP_TX |
E;ﬁ # o * mi_page_i & e [ripmsen = e I [mr np w[1]=EEE |
+ - - q_ln .'uu. w“u =lee T =7s I mi_iip_ tx[NP]=ime_bp[NP] |
Sotware_NP_TX(*) *TEEE oan s fisihod =ires : mr_np_te| MP|=0 I
- LF{mr_bp[NP]*mr_|p_np_ahle® |
e g e g v e ades L00OT,tal T e || nextpuge loaded) (e bpINPT® |
et [1] — 1" mr_Ip np_uble)
- L 1 e ﬂm—? : THEN mnr_next_page_loaded=1 :
re_nps_b_reg[HP] = e - |
= 2 * next_page_leadeds trud * fomded == brue | |
dininie —_——— J"'—"’J‘L"’Q"” e | od : me_pagr_rx~false fH_pege_mete I
- _+_ _*- TE_page._o = e rﬂ‘;l.ﬁ_l:'m%lﬁd Pus | S :
|
|
' [
r_ing: b - | |
| Irn' ex_bw -1 l |
LDT_pes) page fooded =yt page ated )
ro_lnk_cods_wordHF = 10 L

meni_pages_loaded = brue *

|
| mr_page_m= rae
! adk_finished = true

L — — 5 (rlr_lp_m_lbh fakbe
| |'10:IJ'I capable = lflho"
il 3 4 4 mAEG
: [ Flp_Link_Good_Checki*3) ]
T \RI ot P 0 * I I
mr_page_n = bue " ack_finihed =true Lo 1

Figure M-Z—Amu-ﬂognﬂalinnTmnsrnW state diagram add-on for 1000BASE-T
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m_page_r = rue *
basa_page

e Add state Bae Page RX

mir_lp_adv_ability == ra_link_code_word

rx_link_code_word[11:1}=X* EEE_MP_RX
EEE MP RX l I | e_page_rx = bl - = mr_np_ti— 16_lnK_code_ward |
- - T ) — ru_bindk, x A =B
EEE UP RX W—Pﬂ!‘f‘;:‘:=ml:*c?|in.l?:undr_\uard= X
— [ —

mr page rx=lalse

e link_cods_word{11,1] = "8° * = 1000T_MP_RX
LpAghDCS e e P = tx_link_code_word

mE_page_rx=tue

l | I v _page_rx = false
AITS
l EEE_UF_RX
e 1000T_UE1_RX mr_np_rx= ri_link_code_word
e_rp_rs = e _lik_sode_werd Lp_EEE_cap =
e 1000 lp_sche_abibty o rx_link_code,_word  link code word[ 1]

‘—‘ PR_page_ri E Bk mr_page x=false
WAIT Y l *7

e_page_rx S trae A00OT_UP2_RX AT
e_np_rs s rx_link_code_word
v mmmckom e o ink_cods_wned]11:1]

|
I | mr_page_mn = ks
|

Soltwmrs_NP_IRX
oow_np_nn s r_Enk_code_woed

ni_page_nd = e

SVAITY

H_pags_re = us

m_link_code_word| 1;1]=X*
TE_peige_r=lre

m_pays_ix = fake

Figure 40C+3— Auto-MNegotiation Receive state diagram add-on for 1000BASE-T
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PCS TX FSM
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Figure 24—8 —Transmit state diagram
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Figure 24—11 —Receive state diagram
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26 100Base-TX Standard Modification
Link Monitor FSM

( (signal status = off)

* rx_Ips check timer> T3+ + (rx_Ipi * rx_Ipi_check timer_done* !rx_I1))
T4
e When RX is in LPI, if RX
does not receive 11 BEGIM (signal_status = OFF) =

(link_control = DISABLE) =
l [faulting = TRUE}
r

inrx_Ipi_check timer, it will

be re-link. LIMK DOWM
link_status - F&IL

signal_status = OM

v
HYSTERESIS

Start stabilize_timear

stabilize_timer_done

w

LINK READY
link_status =—— READY

l link_control = ENABLE

link_control =

SCAM_FOR_CARRIER Dot L

link_status =— OK

MOTE—The wariables link_contral and link_status are designated as
link_contral_[TX] and link_status_[TX], respectively, by the Auto-Megotia-
tion Arbitration state diagram (Figure E-B—1E|]:'.EI

Figure 24-15—Link Monitor state diagram
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