6Ti SCH D. Dujovne, Ed.

I nternet-Draft Uni ver si dad Di ego Portal es
I ntended status: Experinental LA. Gieco
Expi res: Septenber 6, 2018 Politecnico di Bari

MR Palattella

Luxenbourg Institute of Science and Technol ogy (LI ST)
N. Accettura

LAAS- CNRS

March 5, 2018

6Ti SCH Experinmental Scheduling Function (SFX)
draft-ietf-6tisch-6top-sfx-01

Abstract

Thi s docunent defines a Scheduling Function called "Experinental
Schedul i ng Function" (SFX). SFX dynanically adapts the nunber of
schedul ed cells between nei ghbor nodes, based on the anmount of
currently allocated cells and the nei ghbor nodes’ cell requirements.
Nei ghbor nodes negotiate in a distributed nei ghbor-to-nei ghbor basis
the nunber of cell(s) to be added/deleted. SFX uses the 6P signaling
messages to add/delete cells in the schedule. This function selects
the candidate cells fromthe schedul e, defines which cells will be
added/ del eted and triggers the allocation/deallocation process.

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 https://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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1.

I nt roducti on

Thi s docunent defines a Scheduling Function using the 6P protocol
[I-D.ietf-6tisch-6top-protocol], called "Experinmental Scheduling
Function" (SFX). SFX is designed to offer a nunber of
functionalities to be usable in a wi de range of applications. SFX
defines two algorithms: the Scheduling Al gorithmwhich defines the
nunber of cells to allocate/del ete between two nei ghbors, and the
Rel ocation Al gorithm defines when to relocate a cell.

To synt hesize, a node running SFX determ nes when to add/delete cells
in a three-step process:

1. It waits for a triggering event (Section 5.1).

2. It applies the Cell Estimation Al gorithm (CEA) for a particul ar
nei ghbor to determ ne how many cells are required to that
nei ghbor (Section 5.2).

3. It applies the Allocation Policy to conpare the nunber of
required cells to the nunber of already scheduled cells, and
determ nes the nunber of cells to add/delete (Section 5.3).

SFX addresses the requirenents for a scheduling function listed in
Section 5.2 from[I-D.ietf-6tisch-6top-protocol], and follows the
reconmended outline listed in Section 5.3 of
[I-D.ietf-6tisch-6top-protocol]. This docunent follows the
term nol ogy defined in [I-D.ietf-6tisch-termn nol ogy].

Schedul i ng Function Identifier

The Scheduling Function Identifier (SFID) of SFX is
| ANA_6TI SCH_SFI D_SFX.

Al |l ocated and Used Cells

An allocated cell is assigned as a TX, RX or Shared cell on the
schedul e, as a reserved resource. This reservation does not inply
that a packet will be transnmitted during the scheduled cell tinme. A
used cell is a cell where a packet has been transmtted during the
schedul ed cell tine on the |ast slotfrane.

Over provi si oni ng

Overprovisioning is the action and effect of increasing a value
representing an anmount of resources. |In the case of SFX
overprovisioning is done as a provision to reduce traffic variability
ef fects on packet loss, to the expense of artificially allocating a
nunmber of cells.
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5.  Scheduling Al gorithm

A number of TX cells nust be allocated between nei ghbor nodes in
order to enable data transm ssion anbng them A portion of these

all ocated cells will be used by neighbors, while the remaining cells
can be over-provisioned to handl e unanticipated increases in cel

requi renents. The Scheduling Algorithmcollects the cell allocation/
deal | ocation requests fromthe nei ghbors and the nunber of cells

whi ch are currently under usage. First, the Cell Estimation

Al gorithm cal cul ates the nunber of required cells and second, the

cal cul ated nunber is transferred to the Allocation Policy. |n order
to reduce consunption, this algorithmis triggered only when there is
a change on the nunber of used cells froma particul ar node.

5.1. SFX Triggering Events

We RECOMMVEND SFX to be triggered by the following event: if there is
a change on the nunber of used cells towards any of the neighbors.
The exact mechani sm of when SFX is triggered is inplenentation-

speci fic.

5.2. SFX Cell Estimation Al gorithm

The Cell Estimation Al gorithmtakes into account the nunber of
currently used cells to the neighbor. This allows the algorithmto
estimate a new nunber of cells to be scheduled to the neighbor. As a
consequence, the Cell Estimation Algorithmfor SFX follows the steps
descri bed bel ow

1. Collect the current nunber of used cells to the neighbor

2. Calculate the new nunber of cells to be scheduled to the nei ghbor
by adding the current nunber of used cells plus an OVERPROVI SI ON
nunber of cells.

3. Transfer the request to the allocation policy as REQU REDCELLS

4., Return to step 1 and wait for a triggering event.

The Cell Estimation Algorithmis depicted in Figure 1. The
OVERPROVI SI ON paraneter is calculated as a percentage of the nunber

of currently scheduled cells to the neighbor. OVERPROVI SION i s added
to the anount of used cells to the neighbor to reduce the probability
of packet | oss given a sudden growh on the nunber of used cells to

t he nei ghbor. The OVERPROVI SI ON value is inplementation-specific. A
val ue of OVERPROVI SION equal to zero leads to queue growth and
possi bl e packet loss. In this case, there are no overprovisioned
cells where a sudden growth on the nunber of cells can absorbed and
det ect ed.
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Figure 1: The SFX Estimation Al gorithm
5.3. SFX Allocation Policy

The "Allocation Policy" is the set of rules used by SFX to decide
when to add/delete cells to a particular neighbor to satisfy the cel
requirenents.

SFX uses the foll ow ng paraneters:

SCHEDULEDCELLS: The nunber of cells scheduled fromthe current node
to a particul ar nei ghbor

REQUI REDCELLS: The numnber of cells calculated by the Cell Estinmation
Algorithmfromthe current node to that nei ghbor.

SFXTHRESH: Threshol d paraneter introducing cell over-provisioning in
the allocation policy. It is a non-negative value expressed as a
nunber of cells. The definition of this value is inplenmentation-
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specific. A setting of SFXTHRESH>0 causes the node to allocate at
| east SFXTHRESH cells to each of its’ neighbors.

The SFX allocation policy conpares REQUI REDCELLS wi th SCHEDULEDCELLS
and decides to add/delete cells taking into account SFXTHRESH. This

is illustrated in Figure 2. The nunber of cells to be added/del eted
is out of the scope of this docunent and it is inplenentation-
dependent .
SCHEDULEDCELLS
S i I >

R S S
I I I I I I I I I I
B B S 1 S S &

[ SFXTHRESH

REQUI REDCELLS
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+-- - --+ | DELETE
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REQUI REDCELLS
Fomm e e e e e e e e e e oo+ DO
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I
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i S S S S ADD

I I I I I I I I I I I ONE/ MORE
S S CELLS

Figure 2: The SFX Al l ocation Policy

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

2. | f (SCHEDULEDCELLS- SFXTHRESH) <=REQUI REDCEL LS<=SCHEDULEDCELLS, do
not hi ng.

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

When SFXTHRESH equal s 0, any di screpancy between REQUI REDCELLS and

SCHEDULEDCELLS triggers an action to add/delete cells. Positive
val ues of SFXTHRESH reduce the nunber of 6P Transactions. The nunber

of cells to add or delete is inplenmentation-specific.
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6

Rul es for CellList

There are two nethods to define the CellList. The Witelist nethod
fills the CellList with the nunber of proposed cells to the nei ghbor
The Bl acklist method fills the CellList with the cells which cannot
be used by the neighbor. The rule to select the nethod is

i mpl ement ation-specific. Wen issuing a 6top ADD Request, SFX
executes the foll ow ng sequence:

Wi telist case:

The Transacti on Source node prepares the CellList field by
selecting randomy the required cells, verifying that the slot
of fset is not occupi ed and choose channel O fset randomy for
each cell.

The Transacti on 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 fromthe unallocated cells on the schedule, verifying
that the slot offset is not occupied fromthe ones on the
Cel | Li st.

SFX does not include any transaction retry process. |f the
transaction is not successful, SFX will be retriggered on the next
slotframe if the nunber of used cells changes.

6P Ti neout Val ue

The tineout value is inplenentation-specific. The tineout val ue MAY
be different for each transaction and each nei ghbor. The tineout
range is fromO to 128. The tineout MJUST be added as an 7-bit on the
Met adat a header to the neighbor. There is no measurenent unit
associated to the timeout value. |If the tineout expires, the node

i ssues a RESET return code will be issued to the neighbor. SFX has

no retry policy. Tineout exanples are depicted on Figure 3 and
Fi gure 4.

[ Timeout Value--------------- o [
| Al ------ Fi rst Exchange-------- > B|----- Second Exchange----- >| Al
| Conplete transaction------------------------~-~---“~----~-~------ - [

Fi gure 3: Exanple Transaction where the tineout does not expire
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10.

11.

12.

[ Timeout Value----------------“-“““ oo [
| Al ------ Fi rst Exchange-------- > B|----- Second Exchange----- >| Al
| Non-Conpl ete transaction------------------------~----~-~-~-~-~-~-~---- [

Fi gure 4: Exanple Transaction where the tineout expires
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 [TI MEQUT] represents the Timeout val ue

BIT 15 [WBLIST] is used to indicate that the CellList provided is
a Wiitelist (value=0) or a Blacklist (value=1).

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 nei ghbor nodes to enable a new

al | ocation process and at |east a SFXTHRESH nunber of cells MJST be
al l ocated to each of the nei ghbors.

Cell Type

SFX uses the TX (Transmi ssion) cell type only, thus defining
celloptions as TX=0, RX=1] and S=0 according to section 4.2.6 of
[I-D.ietf-6tisch-6top-protocol].

SFX Statistics

Packet Delivery Rate (PDR) is calculated per cell, as the percentage
of acknow edged packets, for the last 10 packet transm ssion
attenpts. There is no retransm ssion policy on SFX

Rel ocating Cells

Al'l ocated cells may experience packet loss fromdifferent sources,
such as noise, interference or cell collision (after the sane cell is
al | ocated by other nodes in range on the network).

SFX uses Packet Delivery Rate (PDR) statistics to nonitor the
currently allocated cells for cell relocation (by changing their
slot O f set and/or channel Offset). Wen the PDR of one or nore
softcells is bel ow PDR THRESHOLD, SFX rel ocates each of the cell(s)
to a nunber of available cells selected randomy. PDR THRESHOLD is
out of the scope of this docunment and it is inplenentation-dependent.
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13.

14.

15.

Forced Cell Deletion Policy

When all the cells are schedul ed, we need a policy to free cells, for
exanpl e, under alarmconditions, or if a node disappears fromthe

nei ghbor list. The action to follow this condition is out of scope
of this docunent and it is inplenmentation-dependent.

6P Error Handling

A node inplenenting SFX handl es a 6P Response dependi ng on the Return
Code it contains:

RC_SUCCESS
If the nunber of elements in the CellList is the nunber of cells
specified in the NunCells field of the 6P ADD Request, the
operation is conplete. The node does not take further action
If the nunber of elenents in the CellList is smaller (possibly 0)
than the nunber of cells specified in the NunCells field of the 6P
ADD Request, the neighbor has received the request, but |ess than
NuntCel I's of the cells in the CellList were allocated. In that
case, the node MAY retry imediately with a different CellList if
the anmobunt of storage space permits, or build a new (random
Cel | Li st.

RC EQL: If an LI ST command is issued and the RC_ECL is received, the
node MJST understand what is specified on Section 3.3.5 of
[I-D.ietf-6tisch-6top-protocol].

RC ERR VER: The node MJST NOT retry i medi ately. The node MAY add
t he nei ghbor node to a blacklist. The node MAY retry to contact
this nei ghbor later.

RC ERR SFID:  The node MJUST NOT retry imedi ately. The node MAY add
t he nei ghbor node to a blacklist. The node MAY retry to contact
this nei ghbor later.

RC_ ERR SEQNUM  The node MJST issue a CLEAR command to the nei ghbor

RC ERR BUSY: Wit for a tinmeout and restart the scheduling process

RC ERR CELLLIST: Wit for a tineout and restart the scheduling
process.

RC ERR LOCKED: Wait for a tineout and restart the scheduling
process.

RC RESET: Abort 6P Transaction

RC ERR: Abort 6P Transaction. The node MAY retry to contact this
nei ghbor | ater

Experi mental requirenents

In order to evaluate the performance of this draft, we propose the
foll owi ng experinental work

Duj ovne, et al. Expi res Septenber 6, 2018 [ Page 9]



Internet-Draft 6t i sch- 6t op- sfx March 2018

16.

17.

17.

18.

1. Define values for OVERPROVI SI ON, SFXTHRESH and ranges to the
nunber of cells to Add or Delete after the Allocation Policy is
applied for typical use cases.

2. Analyze the scheduling stability (in terns of oscillation) and
the hysteresis effect on scheduling using SFX. A tradeoff shal
be found between the reactivity of the algorithmfacing new
schedul i ng requi rements and the nunber of overprovisioned cells.

3. Define the PDR val ue bel ow the Average which is nost effective
for blacklisting cells and a nethod to whitelist cells. Analyze
the stability and | ong-term behavior of this al gorithm

4., Measure the distribution of cell scheduling delay (including the
time taken by 6P) to estimate tineouts for different type of
transacti ons.

Security Considerations

SFX is defined as an al gorithm designed to efficiently fulfill
bandwi dt h requi rements between nei ghbour nodes and does not define a
new protocol SFX uses the Mnimal |Pv6 over the TSCH Mdde of | EEE
802. 15. 4e (6Ti SCH) Configuration standardi zed on [ RFC8180] and the
6top Protocol (6P): [I-D.ietf-6tisch-6top-protocol]. SFX relies on
the security framework described on
[I-D.ietf-6tisch-mnimal-security].

| ANA Consi derati ons
1. SFX Scheduling Function Identifiers

Thi s docunent provide a new el enment to the "6P Schedul i ng Function
Identifiers" sub-registry, which is part of the "IPv6 over the TSCH
nmode of | EEE 802. 15. 4e (6Ti SCH) paraneters" registry, as defined by
[I-D.ietf-6tisch-6top-protocol]. This Subtype is defined on figure
Figure 5

O S . +
| SFID | Nare | Reference |
T T . +
| T'ANA 6TI SCH SFI D SFX | Experinental Scheduling | RFCXXXX

| | Function (SFX) | (NOTE:t his)

Fom e e e e oo o e e e e e e e oo e e e - +

Figure 5: | ETF | E Subtype ' 6P
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