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Scope of this proposal
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Part 1: Transmission
Process at the OLT
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Lane-Aware Frame Distributor (LAFD)

J Downstream Lane Capabilities (DLC) table
reflects ONU capabilities, but can also be updated by
management to turn certain lanes on and off.

J Lane-Aware Frame Distributor (LAFD) uses a
very simple algorithm:

1) For each DS frame F, consult the DLC table and determine a set S
of available DS lanes

2) From the set S, select the lane N with the earliest availability time
e |In case of a tie, select the lane with the highest index
3) Place the frame F into the play-out queue for the selected lane N

4) Increment the availability time T_,,; for the selected lane N

avai

T vait(N)=T_,2ii(N) + TxDuration(F)
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10G-EPON OLT Layering Diagram
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1 100G-EPON OLT needs to have a separate MAC for
each LLID and also for each lane.

 Just like in 10G-EPON implementations, these are
virtual MACs.
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100G-EPON OLT Layering Diagram v.1
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100G-EPON OLT Layering Diagram v.2
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LAFD State Diagram

BEGIN
A separate instance of this | i
state diagram is created WAIT_FOR_FRAME

for each LLID

lMCI [ThisLLID] :MA_DATA.Request (DA,SA,m_sdu_tx)

SELECT_LANE

(] Constant ThisLLID is LaneIndex < SelectLane (DLC[ThisLLID], MpcpTime)
|mp||C|t fOI’ eaCh State lT'imeAva'i'l[IaneIndex] < MpcpTime else
di agram UPDATE_LANE_AVAILABILITY

TimeAvail[LaneIndex] < MpcpTime

iUCT
\ 4

SCHEDULE_FRAME_TX

FrameDelay < TimeAvail[laneIndex] - MpcpTime
TimeAvail[LaneIndex] += TxDuration(DA|SA|m_sdu_tx)

iFrameDe'lay > 0 else

FRAME_INITIATE_DELAY

[start TimerFramelInitiate, FrameDelay]

lT'i merFramelnitiate_done
\ 4

TRANSMIT_FRAME
See 802.3 subclause 21.5 for state MAC[ThisLLID:LaneIndex]:MA_DATA.Request (DA,SA,m_sdu_tx)

diagrams Conventions [start TimerRaceCondition, RaceMargin]

TimerRaceCondition_done
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SelectlLane(..) function

SelectlLane (LaneStatus[4], currentMpcpTime)

This function is invoked to select a transmission lane when the
next frame becomes available at the MPCP Data Client. If
multiple lanes are available at the time when a given frame is
selected for transmission, then a lane with a higher index is
selected. If no lanes are currently available, then a lane with
an earliest future availability time is selected.

— Arguments:

 LaneStatus[4] - an array indicating whether each lane is
active or inactive for the given LLID. Lane status is determined

at the ONU registration time and can further be modified by the
NMS.

 MpcpTime — a value of MPCP clock at the time the next frame
selected for transmission.

Need to discuss the units. 16ns (50 bytes) will waste too much
capacity.
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SelectlLane(..) function

SelectLane( LaneStatus[4], currentMpcpTime )

{
nextLane = NOT_ SET;
for( lanelndex = 3; lanelndex >= 0; lanelndex-- )
{
1T( LaneStatus[lanelndex] == ACTIVE )
{
1IT( TimeAvail[lanelndex] <= currentMpcpTime )
return lanelndex;
else 1T( nextLane == NOT_SET OR
TimeAvai l[nextLane] < TimeAvail[lanelndex])
nextLane = lanelndex;
+
+
return nextlLane;
+
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Potential Race Condition

d Different lanes may have  FrameFIFO

slightly different [+ [ 2 [3]afs[ef7]
propagation delays. | 1 \I‘I ' |
. . 20
- If transmission of two | 2 ] 6 |
frames started close | - TI = 1l
enough in time, their SFD v

reception order may get | -
reversed due to a race

condition. Frame FIFO
| 1 | 2 |[3[4]5/6]7]

J We need to worry about

the frame transmission : AT A >
order only within an LLID. 2 | | 6 |

Relative order of frames | . \|*| T "
on different LLIDs does \ 22

not matter. >
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Avoiding Race Condition

BEGIN
 To ensure that frame order , i
Is preserved, enforce an WATT FOR FRAME
Interval between SFDs of
the frames with the same lMCI[Th'isLLID]:MA_DATA.Request(DA,SA,m_sdu_tx)
LLID. SELECT_LANE
LaneIndex < SelectLane (DLC[ThisLLID], MpcpTime)
lFrame F||F0 | | | | | | lT-imeAvaﬂ[]aneIndex] < MpcpTime else
1 2 3 4 |5] 6 |7
UPDATE_LANE_AVAILABILITY
| 1 \[l \ 7 | TimeAvail[LaneIndex] < MpcpTime
N\ 20 ucT
2 | | 6 I v
\ 2l SCHEDULE_FRAME_TX
| 3 \l | /5 | _ [FrameDelay < TimeAvail[laneIndex] - MpcpTime
\_/ }5 TimeAvail[LaneIndex] += TxDuration(DA|SA|m_sdu_tx)
I 4 | _ l
23 FrameDelay > 0 else
FRAME_INITIATE_DELAY
D The |nterva| RaceMar’g'i N [start TimerFramelInitiate, FrameDelay]
shall exceed the variability lﬁmerFramernitiate_done ’
of the propagation delay on TRANSMIT_FRAME
MAC[ThisLLID:LaneIndex]:MA_DATA.Request (DA, SA,m_sdu_tx)
eaCh Iane [start TimerRaceCondition, RaceMargin]
May 2016 TimerRaceCondition_done




Part 2: Reception
Process at the ONU
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Lane-Aware Frame Combiner (LAFC)

d Lane-Aware Frame Combiner (LAFC) algorithm latches the
lane index into a Lane Sequence Queue (FIFO) at the time the
first bit of the frame arrives (SFD detected).

 Each lane’s queue also counts the number of frames ready to

be sent (ReadyCounter[n]). While one queue is receiving a
large frame, other queues may receive several smaller frames,
which will have to wait for their transmission turn.

O If frames are taken from each lane queue in order of lane

Indices recorded in the Lane Sequence Queue, the original
sequence of packets will be restored.
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LAFC Algorithm

O Input Process (Runs in parallel for each lane):
1) Wait for Start of Frame Delimiter (SFD) detection on lane N.

2) When SFD is detected, append value N to Lane Sequence Queue.
e If two SFDs are detected simultaneously, higher lane index takes priority (see LAFD)

3) Wait for End of Frame Delimiter (EFD) detection on lane N.
4) When EFD is detected, increment the ReadyCounter[N] by 1
5) Go to 1.

J Output Process:

1) Read the value at the head of Lane Sequence Queue (denote the
read value M)

2) Wait for ReadyCounter[M] to be = 0O

3) Transmit the complete packet from lane M queue.

4) Decrement ReadyCounter[M] by 1

5) Remove value M from the head of Lane Sequence Queue
6) Go to 1.
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SFD detection iIssue

J The instantaneous transmission of : TineSyn: : : e :
MA_DATA.Indication() primitive —--y=" - oot
is aligned with EFD detection. But w1 e | e e
the LAFC input process needs to O )
know the time (or order) of SFD MAC Control (MACC)
arrivals. T N e

MA_DATA request sevice interface
MA_DATA.indication
1

O Proposal: Utilize the TimeSync
service interface (TS_RX)

Media Access Control (MAC)

. . . TS_RX.indication PLS_DA'I}A.requesl PLS_SIGNAL.indication PLS_CARRIR.IndIcaIIon
D N O rm al Iy ] TS_ RX - I n d 1 C a t 1 0 n ( ) IS TS_TX.indication PLS_DATA.indication |PLS_DATA_VALID.indication
generated by gRS and is received

by the TimeSync client. | e

l service interface

generic Reconciliation Sublayer (gRS)

d MPCP+ can snoop on ‘
TS _RX.Indication() primitives LU L L L o
to know when an SFD is detected ‘

PHY
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100G-EPON ONU with single LLID
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100G-EPON ONU with N LLIDs
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LAFC Input Process

A separate instance of this state
diagram is created for each
enabled downstream lane

 Constant ThisLane is implicit for
each state diagram

1 After reception of normal SFD,
the rest of the frame may be
missing or corrupted. This
condition is easy to detect:

— Case 1: Before an EFD, another
SFD is detected on the same lane

— Case 2: Timeout after the SFD
reception

 The interval RxGraceTime shall
be equal or greater than the
reception time of the maximum
size frame.

May 2016

BEGIN

! ¢

WAIT_FOR_SFD

lfsRX[ThisLane].Indication(SFD)

v

SFD_DETECTED

LSQ.Append (ThisLane)

ipCT

WAIT_FOR_EFD

[start TimerRxGraceTime, RxGraceTime]

lﬁS_RX[ThisLane].Indication(SFD)

REPEAT_SFD_DETECTED
LSQ.Removelast (ThisLane)

TimerRxGraceTime_done UCT

v

FRAME_RX_TIMEOUT
LSQ.RemoveLast (ThisLane)

UCT

MAC[LLID:ThisLane]:MA_DATA.Indication(DA,SA,m_sdu_rx)

A 4

EFD_DETECTED

RxFrame <« LLID | DA | SA | m_sdu_rx
LaneRxQueue[ThisLane] .Enqueue (RxFrame)
ReadyCounter[ThisLane]++

UcT
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LAFC Output Process

J LAFC Output Process restores

.. BEGIN
the original order of frames l
d When the LAFC Input Process SELECT_NEXT_LANE
recovers from a reception error, LaneIndex < LSQ.PeekHead ()

it removes an errored entry
from the LSQ.

When this happens (i.e.,
LSQ.ChangeDetected () returns

LSQ.ChangeDetected()

ReadyCounter[LaneIndex] > 0

A 4
true), the Output Process needs FORWARD_FRAME
to re-read the first entry from RxFrame < LaneRxQueue[LaneIndex].Dequeue ()
the LSQ {LLID, DA, SA, m_sdu_rx} < RxFrame

MCI[LLID]:MA_DATA.Indication(DA,SA,m_sdu_rx)
LSQ.RemoveHead ()
ReadyCounter[LanelIndex]- -

uct
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Thank You







LAFC example
1 e
| 2 | Le] [8] [ 10 Im
| G R
e | ; "

000> 00 OO GLUWGHGULBLW

 Example of incoming data
streams on 4 lanes

 Corresponding
transformations of Lane
Sequence Queue and
ReadyCount[0...3] counters
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IEEE P802.3ca Task For

# | Event | Lane Sequence Queue | ReadyCount[O0..3] |
1 SoP onlane O @
2 SoPonlane 1l
3 SoPonlane 2
4 SoP on lane 3
5 EoPon lane 2
6 SoP on lane 2
7 EoPonlane 1 [0[1]1]0]
8 EoPonlane 3
9 SoPon lane 1 [0]1]2]3]2]1]
10 SoP on lane 3 [0]1]2]3]2]1]3]
11 EoP on lane 1 (0]1]2]3]2][1]3]
12 SoP on lane 1 (0]1]2]3]2[1]3]1]
13 EoP on lane O lo]1]2]3[2]1]3]1]
a Txfromlane 0 [1]2]3]2]1]3]1] [0f2]1]1]
b Txfromlane1 [2]3]2]1]3]1] 0[1]1]1]
Tx from lane 2
d Tx from lane 3
14 EoPonlane 1l
15 SoP onlane O
16 SoPon lane 1 [2]1]3]1]0]1]
17 EoP on lane 3 [2]1]3]1]0]1] [0[2]0]1]
18 EoP on lane 2 |2]1[3]1]0[1] 0[2f1]1]
e Tx from lane 2 [0[2]o0]1]
Tx from lane 1
g Txfrom lane 3
h Tx from lane 1
19 EoP onlane O
J Txfrom lane O |I|
20 EoPonlane 1l |I| [0[1]o]0]
i Txfrom lane O [0[o]o]o]




