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Abstract

Thi s docunent defines a 6top Scheduling Function called "Scheduling
Function Zero" (SFO). SFO dynami cally adapts the nunber of reserved
cell s between nei ghbor nodes, based on the currently allocated
bandwi dt h and t he nei ghbour nodes’ requirenments. Nei ghbor nodes
negotiate in a distributed nei ghbor-to-neighbor basis the cell(s) to
be added/del eted. SFO uses the 6P signaling nessages to add/delete
cells in the schedule. Sone basic rules for deciding when to add/
delete cells and for selecting the cells to be added/deleted within
the schedul e are al so provided.

Requi rement s Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in RFC
2119 [ RFC2119].

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."
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This Internet-Draft will expire on Septenber 22, 2016.
Copyright Notice

Copyright (c) 2016 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Documents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunment. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD Li cense.
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1. Introduction
Thi s docunment defines the Scheduling Function for the 6top sublayer

[1-D. wang- 6ti sch- 6t op-subl ayer] called "Scheduling Function Zero"
( SFO) .
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Thi s docunent addresses the requirenents for a scheduling function
listed in [I-D wang-6tisch-6top-sublayer], Section 4.2, and foll ows
the recomended outline from Section 4. 3.

2. Scheduling Function ldentifier
The Scheduling Function Identifier (SFID) of SFO is | ANA_SFI D_SFO.
3. Rules for Adding/Deleting Cells

A node running SFO determ nes when to add/delete cells in a three-
step process:

1. It waits for a triggering event (Section 3.1).

2. It applies the Bandwidth Estimation Al gorithm (BEA) for a
particul ar nei ghbor to determ ne how nuch bandwi dth is required
to that nei ghbor (Section 3.2).

3. It applies the Allocation Policy to conpare the nunber of
required cells to the nunber of already scheduled cells, and
determ ne the nunmber of cells to add/delete (Section 3.3).

3.1. SFO Triggering Events
We RECOMMEND SFO to be triggered at |least by the follow ng events:

1. If the Renmmining Avail able Bandwi dth (RAB) is less than the
M ni mrum Remai ni ng Bandw dt h ( VRB)

2. |If there is any New | ncom ng Bandw dth Requirenents from
nei ghbour nodes (N BR)

This allows SFO to be triggered by any change in | ocal node bandw dth
and/ or incom ng bandwi dth. The exact nechani sm of when SFO is
triggered is inplenmentation-specific.

3.2. SFO Bandwi dth Estimation Al gorithm

The Bandwi dth Estimation Al gorithmtakes into account the sum of the
i ncom ng bandwi dth requirenments fromthe nei ghbour nodes and the used
out goi ng bandwi dth. This allows the node to estimate the total

out goi ng bandwi dth requirenent. As a consequence, the Bandwi dth
Estimation Algorithmfor SFO follows the steps described bel ow

1. Collect the New I nconm ng Bandwi dth Requirements from nei ghbour
nodes (N BR)

bhtain the Current Qutgoi ng Bandwi dth Usage (COBU)

bt ai n the nunber of Current Schedul ed Bandwi dt h ( CSB)

Cal cul ate the New Qut goi ng Bandwi dth (NOB) as: NOB=COBU+NI BR

Cal cul ate the Remai ni ng Avail abl e Bandwi dth (RAB) as RAB=CSB- NOB

arwN
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6. If the RABis less than the M ni mum Renai ni ng Bandwi dth (MRB)
Add MRB to the NOB: NOB=NOB+MRB

7. Submit the request to the allocation policy

8. Return to step 1 and wait for a triggering event.

3.3. SFO Allocation Policy

The "All ocation Policy" is the set of rules used by SFO to decide
when to add/delete cells to a particul ar neighbor to satisfy the
bandwi dt h requirenents.

SFO uses the foll owi ng paraneters:

SCHEDULEDCELLS: The number of cells schedul ed fromthe current node
to a particul ar nei ghbor.

REQUI REDCELLS: The nunber of cells cal culated by the Bandw dth
Estimation Algorithmfromthe current node to that nei ghbor.

SFOTHRESH: Threshol d paraneter introducing cell over-provisioning in
the allocation policy. It is a non-negative value expressed as
nunber of cells. The definition of this value is inplenentation-
specific; however, it is RECOWENDED a SFOTHRESH val ue of 3 cells.
A setting of SFOTHRESH>0 will cause the node to allocate at |east
SFOTHRESH cells to each of its’ nei ghbours.

The SFO allocation policy conpares REQUI REDCELLS with SCHEDULEDCELLS

and decides to add/delete cells taking into account SFOTHRESH. This
is illustrated in Figure 1.
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Figure 1: The SFO Allocation Policy

1. |f REQUI REDCELLS<(SCHEDULEDCELLS- SFOTHRESH), del ete one or nore
cells.

2. |f (SCHEDULEDCELLS- SFOTHRESH) <=REQUI REDCELLS<=SCHEDULEDCELLS, do
not hi ng.

3. | f SCHEDULEDCELLS<=REQUI REDCELLS, add one or nore cells.

When SFOTHRESH equal s 0, any di screpancy between REQUI REDCELLS and
SCHEDULEDCELLS triggers an action to add/delete cells. Positive
val ues of SFOTHRESH reduce the nunber of 6P Transacti ons.

The Allocation Policy also translates the bandwi dth requirement into
cells according to their PDR  For exanple, if a cell with a 100% PDR
is equivalent to 1Kbps, and the required bandwith is 8Kbps, then, the
number of scheduled cells will be 8  However, if two of the
allocated cells have a 70% PDR, there nunmber of scheduled cells will
be 9.

4. Rules for CelllList
When issuing a 6top ADD Request, SFO executes the foll owi ng sequence:

Wi telist case:
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5.

The Transacti on Source node: Prepares the CellList field by
selecting randomy the required cells, verifying that the slot
of fset and channel offset are not occupi ed.
The Transaction Destination node: Goes through the cells in the
CellList in order, verifying whether there are no slotOfset
conflicts.

Bl ackl i st case:

The Transacti on Source node: Prepares the CellList field by
building a list of currently scheduled cells into the CellList.
The Transaction Destination node: Selects randomy the required
cells, verifying that the slot offset and channel offset are
not occupi ed fromthe ones on the CellList.

6P Ti neout Val ue

The 6P Ti meout Val ue provided by SFO all ows the naxi mum nunber of
TSCH link-1ayer retries. Gven the TSCH paraneters for the backoff
mechani sm macM nBE and macMaxBE, and the length in seconds of the
mnimal Slotfrane, SM the timeout value is conputed as: tineout =
(2" (macMaxBE+1) - 2"macM nBE) * SM TODQO Change general tinmeout to a
ti meout adapted to the schedule: SF to use the nunber of slots unti
t he next schedul ed cell

Meani ng of Metadata I nformation
The Metadata 16-bit field is used as foll ows:
BITS 0-7 [ SLOTFRAME] are used to identify the slotframe nunber
BI TS 8-14 are RESERVED
BIT 15 [WBLIST] is used to indicate that the CellList provided is

a Wiitelist (value=0) or a Blacklist (value=1).

TODG length of the SlotFrame SHOULD be an integer nmultiple of the
I ength of the mnimal SlotFrane.

Node Behavi or at Boot

In order to define a known state after the node is restarted, a CLEAR
command is issued to each of the neighbour nodes to enable a new
al | ocation process. TODO Tenporary cells froma pool for the join
process.

Rel ocating Cells

SFO uses Packet Delivery Rate (PDR) statistics to nonitor the
currently allocated cells for cell re-allocation (by changing their
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10.

11.

12.

slot O f set and/or channel Ofset) when it finds out that the PDR of
one or nore softcells bel ow 20% of the average PDR

Forced Cell Deletion Policy

TODO. When all the cells are schedul ed, we need a policy to free
cells, for exanple, under alarmconditions or if a node di ssappears
fromthe nei ghbour Iist.

6P Error Handling

A node inplenmenting SFO handl es a 6P Response dependi ng on the Return
Code it contains

RC_SUCCESS
I f the nunber of elenents in the CellList is the nunber of cells
specified in the NuntCells field of the 6P ALL Request, the
operation is conplete. The node does not take further action
If the nunber of elenments in the CellList is smaller (possibly 0)
than the nunber of cells specified in the NunCells field of the 6P
ALL Request, the neighbor has received the request, but |ess than
NunCel l's of the cells in the CellList were. In that case, the
node MAY retry immediately with a different CellList if the anount
of storage space pernits, or build a new (random) CellList.

RC_ ERR VER  The node MJST NOT retry inmedi ately. The node MAY add
t he nei ghbor node on a blacklist. The node MAY retry to contact
this nei ghbor later.

RC ERR 60FI D:  The node MJST NOT retry imediately. The node NMAY add
t he nei ghbor node on a blacklist. The node MAY retry to contact
this nei ghbor later.

RC_ ERR NORESOURCES: Wit for a tineout and restart the scheduling
process.

RC ERR BUSY: |ssue a RESET conmmand

Exanpl es
TODO
| mpl enent ati on Status

This section records the status of known inplenmentations of the
protocol defined by this specification at the tinme of posting of this
Internet-Draft, and is based on a proposal described in [ RFC6982].
The description of inplenentations in this section is intended to
assist the IETF in its decision processes in progressing drafts to
RFCs. Please note that the listing of any individual inplenentation
here does not inply endorsenent by the IETF. Furthernore, no effort
has been spent to verify the information presented here that was
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13.

14.

15.

16.

16.

supplied by I ETF contributors. This is not intended as, and nust not
be construed to be, a catalog of available inplenentations or their
features. Readers are advised to note that other inplenentations my
exi st.

According to [ RFC6982], "this will allow reviewers and working groups
to assign due consideration to docunents that have the benefit of
runni ng code, which may serve as evidence of val uabl e experinentation
and feedback that have made the inplenented protocols nore nmature.

It is up to the individual working groups to use this information as
they see fit".

QpenWBN:  This specification is inplenmented in the CpenWsN proj ect
[ OpenWBN]. The authors of this docunent are collaborating with
the OQpenWsN conmunity to gat her feedback about the status and
performance of the protocols described in this docunent. Results
fromthat discussion will appear in this section in future
revision of this specification

Security Considerations
TODO
I ANA Consi derations

o | ANA _SFI D _SFO
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