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A
genda

LP
I M

ode concept
Leveraging accepted term

inology and new
 10G

B
AS

E
-T 

term
s definition

A
ctive-to-Q

uiet transitioning process
Q

uiet S
tate param

eters
Q

uiet-to-A
ctive transitioning process

W
ake-up tim

e estim
ation and Analysis

E
stim

ated pow
er saving in various pow

er-saving scenarios 
P

roposed param
eters 

S
um

m
ary and conclusions
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LPI C
oncept

Save pow
er by entering a LPI (Low

 Pow
er Idle/State) state w

hen 
there is no data to be transm

itted 
W

hile at LPI stage: 
All transm

it and receive data path circuits can be turned off
All adaptive coefficients are saved and stored
Tim

ing circuits free run w
ith acquired frequency

O
nly fraction of the nom

inal pow
er to be consum

ed
Periodically refresh local/rem

ote tim
ing so they rem

ain locked
Periodically refresh all coefficients 
PM

A and PC
S m

aintain synchronization 
To enable fast return to full m

ode of operation

M
erged 10G

B
A

SE-T LPI proposal  (zim
m

erm
an_2_0308.pdf, see 

back-up slide) allow
s transition to Active state throughout super-

fram
e via A

lert signal
Introduced lane-staggering 

Sim
plified sim

plex receiver w
ith no echo canceller

M
A

C
 requests P

H
Y to enter or exit LP

I
If the rem

ote PH
Y initiates exit, local PH

Y im
m

ediately signals to the M
AC



5/11/2008
802.3az P

lenary m
eeting 05/2008

5

Term
inology definition

Tim
e 

D
escription

A
ctive 

Legacy operating state w
here data or idle are transm

itted.

Low
 P

ow
er

N
ew

 operating state used during periods of no data transm
ission,enabling system

 
pow

er reduction betw
een data bursts.

S
leep

Fram
es that transm

itted to inform
 the link partner that the local transm

itter is entering 
the low

-pow
er state

Q
uiet 

Transm
itters are off.

R
efresh

Fram
es that are periodically transm

itted during the low
-pow

er state to allow
the link 

partner to refresh tim
ing and equalization

A
lert

S
ignal that is transm

itted to inform
 the link partner that the local transm

itter exiting the 
Q

uiet state. 

A
w

ake
S

ignal  transm
itted to inform

 the link partner that the local transm
itter is returning to 

the A
ctive state. 

W
ake

P
eriod that follow

s transm
itting N

orm
al Idle code on XG

M
II interface. D

uring this 
period no data to be transm

itted to allow
 P

H
Y to resum

e norm
al operation. 
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Term
inology definition

S
ynchronizing w

ith hays_01_0308 and healey_01_0308. 

Tim
e 

D
escription

T
F

Fram
e Tim

e: LD
P

C
 fram

e duration –
320nsec 

T
P

Propagation delay: M
edia delay.

T
S

Sleep Tim
e: D

uration P
H

Y transm
its sleep signal before going quiet.

T
Q

Q
uiet duration: D

uration P
H

Y
 rem

ains quiet before sending refresh 
signal

T
R

R
efresh duration: D

uration PH
Ys

send refresh signal to enable tim
ing 

and coefficient update.
T

A
A

lert duration:D
uration P

H
Y transm

its alert signal w
hile transitioning  

to A
w

ake stage
T

AW
A

w
ake tim

e: D
uration P

H
Y transm

its A
w

ake signal before 
transitioning to A

ctive stage. 
T

W
W

ake tim
e: Period that follow

s transm
itting N

orm
al Idle code on 

XG
M

II interface. D
uring this period no data to be transm

itted to
allow

 
P

H
Y to resum

e norm
al operation. 
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LPI States description
Sleep signal:

To com
m

unicate entering into quiet state, TB
D

 LD
PC

 fram
es consisting of repeated 

XG
M

II control w
ord dedicated to Sleep signaling are transm

itted

Alert signal:
P

re-defined pattern –
to allow

 sim
ple correlation algorithm

 to be applied at the receiver 
for reliable detection. 
Initial sim

ulations indicate that very reliable signal detect circuit is feasible at the 
presence of the transm

itted signal and Echo/N
ext cancellers sw

itched off
R

eceiver can decide (at P
H

Y
 im

plem
enters’option) to sw

itch on portion of the Echo-
N

ext cancellers to im
prove detect quality w

ith very m
inor effecton overall pow

er saving 
S

aving is dictated by T
R

 / T
Q

 ratio rather then pow
er consum

ption during T
R

stage

A
w

ake signal:
To allow

 active operation resum
ption, TB

D
 LD

P
C

 fram
es w

ith XG
M

IIcontrol w
ord 

dedicated to aw
ake signaling (D

etails are TB
D

) are transm
itted
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Scenario-1 (A
sym

m
etrical): PH

Y1 goes Q
uiet, PH

Y 2 
rem

ains active
Transition to Q

uiet is A
gnostic to M

aster/S
lave relationship

S
leep w

ord (LP
_Idle) on P

H
Y

1 XG
M

II interface is triggering transitioning into LP
I m

ode
P

H
Y

1 inform
s P

H
Y2 about transition into Q

uiet state by transm
itting S

leep signal
Follow

ing transm
itting S

leep signal for set # of LD
P

C
 fram

es, P
H

Y1 stops transm
itting.  R

efresh 
signal is transm

itted periodically (each T
Q ). 

D
uring quiet T

Q
periods, P

H
Y1 can also sw

itch off E
C

N
 (E

cho/N
ext C

ancellers). P
H

Y2 can sw
itch off 

com
plete R

x data path functionality and E
C

N
. If P

H
Y2 is slave, P

H
Y2 should be operated w

ith Tx
clock frozen during these periods, and update during R

efresh periods
D

uring refresh periods T
R , P

H
Y

1 adjusts E
C

N
 coefficient. P

H
Y

2 uses T
R

periods to refresh receive 
filters coefficients and, if slave, update loop tim

ing param
eters.

A
ctive

PH
Y1   

Tx

PH
Y2 

Tx

Sleep

T
P

Refresh

T
Q

A
ctive

Refresh

T
Q

T
S

XG
M

II Tx/R
x: ID

LE
XG

M
II Tx: LP_Idle, XG

M
II R

x: Idle

XG
M

II Tx: ID
LE

XG
M

II Tx: Idle, XG
M

II_R
x: LP_Idle
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Scenario-2 (Sym
m

etrical): Second PH
Y goes quiet 

Transition is agnostic to M
aster/S

lave relationship –
start from

 end state of previous slide
S

leep w
ord (LP

_Idle) onto P
H

Y2s XG
M

II interface is triggering transitioning into LP
I m

ode
P

H
Y

2 inform
s P

H
Y1 about transition into Q

uiet state by transm
itting S

leep signal
Follow

ing transm
itting S

leep signal, P
H

Y2 stops transm
itting and

going into full pow
er saving m

ode. 
R

efresh signal is transm
itted periodically (each T

Q ). First R
efresh signal is aligned (w

ith shift of 
~T

R
 /2) com

paring to P
H

Y1s R
efresh signaling. S

ee next slide for details
on the refresh signals 

transm
itting

Follow
ing receiving S

leep signal, P
H

Y1 m
ay sw

itch off receive path and going into full pow
er saving 

m
ode. R

efresh signal is transm
itted periodically (each T

Q ).

PH
Y2

TxPH
Y1

Tx
Refresh

T
Q

A
ctive

Refresh

T
Q

XG
M

II Tx: ID
LE, XG

M
II R

x: :LP_Idle

XG
M

II Tx: LP_ID
LE, XG

M
II R

X: Idle

Sleep

Refresh

~T
Q

 /2

Refresh

T
Q

Refresh

T
Q

XG
M

II Tx: LP_Idle

XG
M

II R
x: LP_Idle

Transition   
period

Scenario-1
Scenario-2

Refresh
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Steady-State Tx
D

iagram
: Sim

ultaneous transm
ission 

R
efresh signals are skew

ed in tim
e w

ith approxim
ately 50%

 duty cycle
A

lert signaling:
C

an be transm
itted anytim

e betw
een R

efresh cycles 
M

aster PH
Y w

ill transm
it on logical lane B

, Slave transm
its on logical lane A

R
ed boxes are to show

 w
hen A

lert signal can be
transm

itted

P
H

Y
 can be also w

oken up by transm
itting m

odulating refresh sequence. 
Processing gain of transm

itting one bit of inform
ation per fram

e
(24dB

) can be used to com
pensate for 

m
issing LD

PC
 gain (~9dB

) and still ensure reliable detection 

A
lert signals allow

ed

M
aster 

Lane B

Slave
Lane A

T
Q

T
R

~ (T
Q

 + T
R )/2 ±

T
F /2

M
aster 

Lanes A
/C

/D

Slave
Lanes B

/C
/D

Refresh

Refresh

Refresh

Refresh

Refresh

Refresh

Refresh

Refresh

Refresh

Refresh

A
lert signals allow

ed

A
lert signals allow

ed
A

lert signals allow
ed
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Steady-State Tx
D

iagram
: Staggering transm

ission
S

tagger R
efresh signal over 4 channels

S
im

plex com
m

unication: Echo C
anceller O

ff
A

lert can occur betw
een refresh cycles or w

ithin it
Sim

ilar to Sim
ultaneous schem

e
Frequency can be updated based on single channel or 4 channels inform

ation
Thus (T

Q +T
R )/T

R
 update ratio is preserved as in Sim

ultaneous schem
e

C
oefficients can be tracked slow

er then tim
ing inform

ation
O

pportunity for additional pow
er saving

A
lert

M
A

S
TE

R

TX
 A

D
ata

D
ata

D
ata

D
ata

D
ata

D
ata

D
ata

D
ata

Tr 
Tq

Aw
ake

Sleep

C
h C

 R
X active 

TX
 Alert A

llow
ed

TX
 Alert A

llow
ed

TX
 Alert A

llow
ed

TX
 Alert A

llow
ed

TX
 Alert A

llow
ed

C
h D

  R
X active 

TX
 Alert A

llow
ed

C
h B  R

X active 

C
h A  R

X active 

TX
 B

TX
 C

TX
 D

TX 
Allert 

Allow
e

d

TX
 A

lert A
llow

ed

M
aster

A
B

C
D

A
B

C
D

…

S
lave

C
D

A
B

C
D

A
B

…

Lane assignm
ents if M

ASTER
 and SLAVE both enter LPI

Full R
epetition Period = 4 (Tr + Tq)

TX
 Alert A

llow
ed

Tr + Tq



5/11/2008
802.3az P

lenary m
eeting 05/2008

12

Proposed param
eters analysis: T

Q
and T

R

Shifting in tim
e and/or staggering of the R

efresh signals is to 
prevent situation w

hen R
eceived fram

es arrive in the m
iddle of the 

Transm
it fram

e
A

llow
s sw

itching off Echo/N
ext cancellers and saving additional pow

er during 
refresh state

(T
Q

 + T
R )/T

R = 25:
allow

s relievable tim
ing tracking operation under extrem

e tim
ing

offset 
w

andering conditions –
see grim

w
ood_01_0308.pdf

True for both schem
es, sim

ultaneous and staggering 
E

njoys > 90%
 of possible pow

er saving for sim
ultaneous schem

e -see 
taich_01_0308.pdf

S
taggering schem

e allow
s additional significant pow

er saving.

M
ore w

ork to be done to verify all aspects of sim
ultaneous and 

staggering schem
es and selecting m

ost suitable one

H
igher (T

Q
 + T

R )/T
R

 are likely to be feasible but TBD
 at this stage
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Fully Q
uiet to A

sym
m

etrical State transition 
Transm

it D
iagram

A
gnostic to M

aster/Slave role
S

leep w
ord onto P

H
Y

-1 XG
M

II interface is triggering transitioning into Active m
ode

P
H

Y
-1 initiates transition by transm

itting A
lert signal during T

A
 follow

ing by transm
itting 

A
w

ake signal on all 4 lanes. P
H

Y
-1 is transiting into Active state after T

W . 
P

H
Y

-2 should be able to detect A
lert signal during R

efresh signal transm
ission. S

uccessful 
A

w
ake signal receiving and decoding translates into w

ake w
ord onto P

H
Y

-2 XG
M

II interface
P

H
Y

-2 is assum
ed to be ready to receive data after T

W

A
ctive

A
lert

Refresh

T
P

T
A

PH
Y-1

PH
Y-2

Refresh

T
W

XG
M

II Tx/R
x: LP_ID

LE
XG

M
II R

x: ID
LE

XG
M

II Tx: ID
LE

XG
M

II Tx/R
x: LP_ID

LE

A
w

ake
Refresh

Refresh

S
cenario-2

Transition period
S

cenario 1

Refresh
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A
sym

m
etrical to B

oth A
ctive State transition 

Transm
it D

iagram
A

gnostic to M
aster/Slave role

P
H

Y
-1 initiates transition by transm

itting A
lert signal during T

A
 follow

ed by transm
itting 

A
w

ake signal on all 4 lanes. 
P

H
Y

-1 is transitioning into A
ctive state T

W
 period after w

ake w
ord is received on XG

M
II 

interface.
P

H
Y

-2 detect A
lert signals and activates R

x data path functionality.Successful A
w

ake 
signal receiving and decoding translates into w

ake w
ord onto P

H
Y

-2 XG
M

II interface
P

H
Y

-2 is assum
ed to be ready to receive data after T

W

A
ctive

A
lert

Refresh

T
P

T
A

PH
Y-1

PH
Y-2

T
W

XG
M

II Tx: ID
LE, XG

M
II R

x: LP_Idle
XG

M
II R

x: ID
LE

XG
M

II Tx: ID
LE

XG
M

II Tx: LP_ID
LE, XG

M
II R

x: Idle

A
w

ake

S
cenario 1

Transition period
A

ctive M
ode

Refresh

A
ctive
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W
ake-up tim

e estim
ation

Typical w
ake-up tim

e can be estim
ated as ~T

A
  + T

AW
+ T

F /2
T

F /2 factor is to accom
m

odate typical PH
Y response for M

A
C

 
request sw

itching to different operational m
ode

For the case T
A

 = 4xT
F  and T

A
W

 = 2xT
F 

T
W

 ≈
2.1µsec -less then 

PH
Y latency!

This num
ber can be im

proved if shorter T
A turned out to be 

feasible
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Pow
er Saving Estim

ation

S
cenario-2: B

oth P
H

Y
’s

are quiet:
In taich_0103.pdf and zim

m
erm

an_0103.pdf, pow
er saving for the case of  

(T
Q

 + T
R )/T

R = 25 w
as estim

ated at the order of 92%
 of possible pow

er 
saving (> 80%

 of absolute pow
er saving). 

A
lert sensing m

echanism
 can be im

plem
ented w

ith negligible com
plexity 

com
paring to the rest of the active circuit

Staggering schem
e has a potential of further pow

er im
provem

ent –
thus 

allow
ing >90%

 of possible pow
er saving is if T

R > 4xT
F are considered

S
cenario-1: P

H
Y

-1 is receiving only, P
H

Y
-1 is 

transm
itting only:

PH
Y-1 has full Tx

data path and EC
N

 sw
itched off, estim

ated pow
er 

saving is ~40%
 of nom

inal pow
er

PH
Y-2 has full R

x data path and EC
N

 sw
itched off, estim

ated pow
er 

saving is ~70%
 of nom

inal pow
er

O
verall asym

m
etrical operational m

ode provides additional ~55%
 pow

er 
saving

on the PH
Y level for the scenarios 1 –

w
hich is m

ost likely to 
dom

inate traffic profile!
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Low
 Pow

er Idle Param
eters proposal 

State
D

escription
S

leep
S

equence of the LD
P

C
 fram

es consisting of repeated XG
M

II controlw
ord 

dedicated to S
leep signal.  

R
efresh

S
equence of the LD

P
C

 fram
es to allow

 D
SP

 coefficients refresh and tim
ing 

param
eters adjustm

ent for both Link P
artners

A
lert

S
pecial signal w

ith pre-determ
ined structure that can be fast and reliably 

detected by Link P
artner 

A
w

ake
S

equence of the LD
P

C
 fram

es consisting of repeated XG
M

II controlw
ord 

dedicated to A
w

ake signal.  
Tim

e
D

escription
T

P
Less then 550nsec 

T
S

TB
D

; 6xT
F should be investigated

T
Q

100 x T
F ;other values TB

D
T

R
4xT

F ;other values TB
D

T
A

TB
D

; 4xT
F should be investigated

T
AW

TB
D

; 2xT
F should be investigated

T
W

3 m
icroseconds; other values TB

D
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C
onclusions
O

verall approach is sim
ilar to 1000B

A
SE-T LPI approach

LPI m
ethod is w

ell-suited for 10G
B

A
SE-T

W
ake-up tim

e is reduced by introducing separated w
ake and refresh 

m
echanism

s
Tim

ing tracking concern w
as addressed by selecting appropriate T

Q , T
R

 pair
A

llow
s m

ore then 90%
 of m

ax pow
er saving

Longer T
Q

 likely to be feasible –
subject to further investigation

S
taggering R

efresh signals transm
ission schem

e decouples frequency 
tracking task from

 coefficients update and allow
 very low

-pow
er LP

I m
ode 

im
plem

entation 
B

ackw
ard com

patible com
m

unication m
echanism

 (using new
 control XG

M
II 

w
ords) is proposed. 

Less then 3-m
icroseconds w

orst-case W
ake-up tim

e is feasible
A

ctual T
W

 to be negotiated during A
N

 stage
P

H
Y decides on sense approach based on internal architecture



5/11/2008
802.3az P

lenary m
eeting 05/2008

19

B
ack-up S

lides
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Pow
er C

onsum
ption Estim

ation -1
P

A
C

TIVE
–

full 10G
 O

perating Pow
er

P
R

EF
-pow

er during R
efresh signal; P

R
EF

< P
A

C
TIVE

P
A

D
A

PT
–

additional pow
er required to com

plete coefficients update 
after ceasing transm

itting and receiving R
efresh signal; P

A
D

A
PT

<< P
R

EF
P

Q
U

IET
–

M
inim

al Energy M
ode (Tx/R

x are off, leakage + tim
ing circuit 

+ M
D

IO
/etc); P

Q
U

IET
<< P

R
EF , P

Q
U

IET <<
P

A
C

TIVE

The target is m
inim

izing pow
er consum

ption
over T

q
+ T

r period; because 
P

Q
U

IET
<< P

R
EF

and P
A

D
A

PT
<< P

R
EF

the key is achieving T
q >> T

r

Power 

tim
e

P AC
TIVE

P QU
IET

P REF

T q
T r

P AD
A

PT

T AD
A

PT
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Pow
er C

onsum
ption Estim

ation -2
P

R
EF

= P
A

C
TIVE

–
P

LD
PC

–
P

EN
X

~ 70%
 of P

A
C

TIVE
A

ssum
ing all interfaces buses are O

N
P

EN
X

(Pow
er consum

ed by Echo and N
ext C

ancellers) cannot be com
pletely neglected 

as cancellers should be sw
itched on periodically for training purpose

Slightly higher than in “parnaby_01_0108”
P

A
D

A
PT : 

M
ajority of the data path circuits can be sw

itched off
Since channel is very stable coefficients update process can be spread am

ong big 
num

ber of refresh cycles thus further reducing pow
er consum

ption
per refresh cycle 

Tim
ing circuit m

ight require frequent update but usually consum
es very little pow

er
P

A
D

A
PT can be estim

ated as ~20%
 of P

A
C

TIVE
(conservative estim

ation)
T

A
D

A
PT for m

ost real-life scenarios is lim
ited to 1 LD

PC
 fram

e  
Pow

er C
onsum

ption over non-quiet period can be calculated as 
P

R
EF x M

 + P
A

D
A

PT x M
 + ∆, w

here
∆

is overhead of pow
er consum

ption due to on/off sw
itching; 

M
 is num

ber of the LD
P

C
 fram

es in one R
efresh signal (M

= T
r / 0.32μsec) 

A
ccording to our estim

ation, duration of the overhead period (com
bined for pow

er on 
and pow

er off) is less then 1 LD
PC

 period, thus associated pow
erconsum

ption can be 
approxim

ated by P
R

EF x M
/2

P
Q

U
IET

~10%
 of P

A
C

TIVE
Slightly low

er than in “parnaby_01_0108”
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Pow
er C

onsum
ption Estim

ation -3
Thus w

orst-case pow
er consum

ption over T
q

+ T
r period can be approxim

ated as  
P

R
EF

x M
 + P

R
EF x M

/2 + P
A

D
A

PT
x 1 + P

Q
U

IET
x (N

-M
-2), 

w
here N

 = (T
r + T

q )/0.32μsec
and should be com

pared to P
AC

TIVE
x N

; O
bviously m

ax pow
er saving asym

ptotically 
converges to P

Q
U

IET /P
AC

TIVE
(90%

)
For M

 << N
, overall pow

er consum
ption is dom

inated by P
Q

U
IET

N
/M

 = 10 allow
s better then 80%

 of possible pow
er saving (72%

 ofabsolute pow
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