6Ti SCH Q Wang, HEd.

I nternet-Draft Univ. of Sci. and Tech. Beijing
I ntended status: |nformational X. Vil aj osana
Expi res: August 18, 2014 Uni versitat (Cberta de Catal unya

T. Watteyne

Li near Technol ogy
February 14, 2014

6Ti SCH Operati on Subl ayer (6top)
dr aft - wang- 6t i sch- 6t op- subl ayer- 00

Abst ract

The recently published [| EEE802154e] standard formalizes the concept
of link-layer resources in LLNs. Nodes are synchroni zed and foll ow a
schedule. A cell in that schedul e corresponds to an atom c |ink-

| ayer resource, and can be allocated to any pair of neighbors in the
network. This allows the schedule to be built to tightly match each
node’ s bandw dth, | atency and energy constraints. The [|EEE802154¢e]
standard does not, however, present a nechanismto do so, as building
and nanagi ng the schedule is out of scope of the standard. This
docunent describes the 6Ti SCH Operati on Subl ayer (6top) and the
commands it provides to upper network | ayers such as RPL or GWPLS
The set of functionalities includes feedback netrics fromcell states
so network | ayers can take routing decisions, TSCH configuration and
control procedures, and the support for decentralized and centralized
scheduling. |In addition, 6top can be configured to enabl e packet
switching at layer 2.5, anal ogous to GWLS

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

Internet-Drafts are draft documents valid for a maxi num of six nonths
and nay be updated, replaced, or obsoleted 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.”

This Internet-Draft will expire on August 18, 2014.
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1. Introduction

As presented in [I-D.ietf-6tisch-tsch], the [| EEEB02154e] standard
defines the mechanisnms for a TSCH node to communi cate, given a
schedule. It does not, however, define the mechanismto build and
mai ntain the TSCH schedul e, match that schedule to the multi-hop
pat hs nmai ntai ned by a network |ayer such as RPL or a 2.5 layer such
as GQWPLS, adapt the resources allocated between nei ghbor nodes to the
data traffic flows, enforce a differentiated treatnent for data
generated at the application layer and signalling nessages needed by
6LoWPAN and RPL to di scover neighbors, react to topol ogy changes,
self-configure I P addresses, or manage keying materi al

In a TSCH network, the MAC layer is not in charge of setting up the
schedul e that controls the connectivity graph of the network and the
resources allocated to each cell in that topology. This
responsibility is left to the next-higher layer, defined in this
docunent, called "6top".

Thi s docunent describes the 6Ti SCH Operation Sublayer (6top) and the
mai n conmands provi ded to upper network |layers such as RPL or GWLS
The set of functionalities include feedback nmetrics fromcell state
so the network | ayer can take routing decisions, TSCH configuration
and control procedures, and support for the different scheduling
mechani sns defined in [I-D.ietf-6tisch-architecture]. 6top addresses
the set of functionalities described in [I-D.ietf-6tisch-tsch].

For exanple, network formation in a TSCH network invol ves the
transm ssi on of Enhanced Beacons (EB). EBs include information for
joining nodes to be able to synchronize and set up an initial network
topol ogy. However, [I|EEE802154e] does not specify how the period of
EBs is configured, nor the rules for a node to select a particular
node to join. 6top offers a set of commands so control nechani snms can
be introduced on top of TSCH to configure nodes to join a specific
node. Once a network is forned, 6top maintains the network’s health,

all owing for nodes to stay synchronized. It supplies nechanisns to
manage each node’s tinme source nei ghbor and configure the EB
interval. Network layers running on top of 6top take advantage of

the TSCH MAC | ayer information so routing netrics, topologica
i nformati on, energy consunption and | atency requirenents can be
adjusted to TSCH, and adapted to application requirenents.

TSCH requires a nechanismto nanage its schedul e; 6top provides a set

of commands for upper |ayers to set up specific schedul es, either
explicitly by detailing specific cell information, or by allow ng
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6top to establish a schedul e given a bandw dth or |atency
requirenent. 6top is designed to enable decentralized, centralized or
hybrid schedul ing solutions. 6top enables internal TSCH queui ng
configuration, size of buffers, packet priorities, transm ssion
failure behavior, and defines mechanisnms to encrypt and authenticate
MAC sl ot f ranes.

As described in [|abel -sw tching-154e], due to the slotted nature of
a TSCH network, it is possible to use a |abel switched architecture
on top of TSCH cells. As a cell belongs to a specific track, a | abe
header is not needed at each packet; the input cell (or bundle) and
the output cell (or bundle) uniquely identify the data flow. The
6t op subl ayer provides operations to nmanage the cell mappings.

2. 6Ti SCH Operation Sublayer (6top) Overview

6top is a sublayer which is the next-higher layer for TSCH

(Figure 1), which architecture is detailed in
[I-D.ietf-6tisch-architecture], and generaic data nodel is detailed
in [I-D wang-6tisch-6top-interface]. 6top offers both nanagenment and
data interfaces to an upper layer. It includes nonitoring and
statistics collection, both of which are configurable through the
managenent interface.

Prot ocol Stack

o m e e e e e e e e e e e e e +
| PCEP | CoAP | | 6LOWVPAN | [
| PCC | DTLS | PANA | ND | RPL |
oo e e e e e e e e e e e e e e eeem o +
| TCP | UDP | | CWP | RSVP
B +
| | Pv6 |
o mm o e e e e e e e e e e e e e e e e e e e o oo oo +
[ 6LOWPAN HC [
oo e e e e e e e e e e e e e e eeem o +
[ 6t op [
B +
| | EEE802. 15. 4e TSCH |
o mm o e e e e e e e e e e e e e e e e e e e o oo oo +
[ | EEE802. 15. 4 [
oo e e e e e e e e e e e e e e eeem o +
Figure 1
6t op di stingui shes between hard cells and soft cells. It therefore

requires an extra flag to all cells in the TSCH schedul e, as detailed
in Section 2. 1.
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When a higher |ayer gives 6top a 6LOWPAN packet for transm ssion
6top maps it to the appropriate outgoing priority-based queue, as
detailed in Section 2. 2.

Al'l 6top commands of the managenent and data interfaces are detailed
in Section 3. This set of commands is designed to support
decentralized, centralized and hybrid scheduling solutions. They
forma conceptual interface an upper |ayer can used; inplenentations
can use this set of conmands, or any equivalent alternative.

6t op defines TSCH Information El enents (IEs) for neighbors nodes to
negoti ate scheduling cells in the TSCH schedule. The format of those
IEs is given in Section 4.1. Exanple data exchanges between nei ghbor
nodes are given in Section 4.2.

Section 5 defines how 6top gathers statistics (e.g. link quality,
energy |l evel, queue usage), and what conmands an upper |ayer can use
to configure and retrieve those statistics.

6t op can be configured to monitor the cells it has scheduled in order
to detect cells with poor performance. It can automatically re-

all ocate those cells inside the TSCH schedule. This behavior is
described in Section 6

2.1. Cell Mode

[ EEEB02154e] defines a set of options attached to each cell. A cel
can be a Transnit cell, a Receive cell, a Shared cell or a
Ti rekeeping cell. These options are not exclusive, as a cell can be

qualified with nmore than one of them The M.ME- SET- LI NK request
conmand defined in [| EEE802154e] uses a |linkOptions bitmap to specify

the options of a cell. Acceptable values are:
b0 = Transmit
bl = Receive
b2 = Shared
b3 = Ti nekeepi ng

b4-b7 = Reserved
Only Transmit cells can also be marked as Shared cells. Wen the

shared bit is set, a back-off procedure is applied to handle
collisions. Shared behavior does not apply to Receive cells.
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6top allows an upper layer to schedule a cell at a specific
slot O f set and channel Ofset, in a specific slotfrane.

In addition, 6top allows an upper |ayer to schedule a certain anount
of bandwi dth to a neighbor, w thout having to specify the exact
slot O fset and channel O fset of the corresponding cell(s). Once
bandwi dth is reserved, 6top is in charge of ensuring that this
requirenent is continuously satisfied. 6top dynamically reall ocates
cells if needed, and over-provisions if required.

6top all ows an upper layer to associate a cell with a specific track
by using a TracklD. A TracklDis a tuple
(TrackOaner Addr, I nstancel D). TrackOmer Addr is the address of the

node which initiates the process of creating the track, i.e. the
owner of the track. InstancelDis an instance identifier given by
the owner of the track. InstancelD conmes fromthe upper layer; it

could for exanple be the local instance ID defined in RPL.

If the TracklIDis set to (0,0), the cell can be used by the best-
effort QoS configuration or as a Shared cell. |If the TracklD is not
set to (0,0), i.e. the cell belongs to a specific track, the cel
MJST not be set as Shared cell.

6top allows an upper layer to ask a node to nmanage a portion of a
slotframe, called a chunk. Chunks can be delegated explicitly by the
PCE to a node, or clainmed automatically by any node that participates
to the distributed cell scheduling process. The cells in a chunk can
be appropriated by the node, i.e. the node is in charge of nanagi ng

t he chunk.

G ven this nechanism 6top defines hard cells (which have been
requested specifically) and soft cells (which can be reallocated
dynamically). The hard/soft flag is introduced by the 6top subl ayer
naned as Cell Type (0: soft cell, 1. hard cell). This optionis
mandatory; all cells are either hard or soft.

2.1.1. hard cells

A hard cell is a cell that cannot be dynamically reallocated by 6top
A hard cell is uniquely identified by the follow ng tuple:

slotframe ID: ID of the slotframe this cell is part of.
slotOffset: the slotOfset for the cell
channel O fset: the channel O fset for the cell.

Li nkOption bitmap: bitmap as defined in [| EEEB02154].

Wang, et al. Expi res August 18, 2014 [ Page 7]



Internet-Draft 6t i sch- 6t op- subl ayer February 2014

Cel | Type: MJIST be set to 1.
2.1.2. soft cells

A soft cell is a cell that can be reall ocated by 6top dynam cally.
The Cel |l Type MJUST be set to 0. This cell is installed by 6top given
a specific bandwidth requirement. Soft cells are installed through
the soft cell negotiation procedure described in Section 4. 2.

2.2. Data Transfer Mbdel

The TSCH MAC | ayer is decoupled fromthe upper |ayer; the interaction
bet ween the upper layer and TSCH i s asynchronous. This neans that
the MAC | ayer executes a schedul e and checks at each tinmesl ot
according to the type of cell, whether there is sonmething to send or
receive. |If that is the case, the packet is transnmtted and the MAC
| ayer continues its operation. Wen an upper |ayer sends a packet,
this packet is pushed into a queue waiting for the MAC | ayer to read
it and send it in a particular tinmeslot according to its destination
and priority. 6top provides a set of queue nanagenent operations

whi ch enabl e upper layers to create different queues and set their
priorities. This allows different classes of traffic to be handl ed
by the forwarding plane by inserting a packet into the queue
appropriate for its priority.

A 6top inplementati on MUST provide at |east a Broadcast Queue and a
Transmit Queue. The Broadcast Queue is associated with cells with
Li nkType=ADVERTI SING i n t he sender’s schedul e, and

Li nkOpti on="Recei ve" and "Ti nekeeping" in all its neighbors
schedul e. For exanple, NodeA uses slotOfset=5 and channel O f set =12
as Broadcast cell to its neighbors NodeB and NodeC. Then, in the
schedul e of NodeA the cell will be featured with neighbor address is
Br oadcast address, LinkType=ADVERTISING and in the schedul es of both
nodeB and nodeC the cell will be featured with nodeA address as

nei ghbor address, and Li nkQOpti on="Recei ve" and "Ti nekeepi ng", which
ensure nodeB and nodeC will be active at least one tinme in the cell
to receive broadcast packet during a Ti nmekeeping period. A Transnit
Queue is associated with the dedicated Transmit cells or Shared
Cel I s.

Dat a Comuni cati on Conmands (Section 3.12) can be used to send
control nessages and data nessages. The operation is used to insert
a message into a specific queue.

For exanple, a configuration can include two Broadcast Queues with

priority High and Low, and three Transmt Queues with priority High
M d, and Low.
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When Dest Addr is the broadcast address, its related MAC | ayer packets
wi Il be pushed into the Broadcast Queue with the correspondi ng
priority. 6top is responsible for feeding these packets into
broadcast cells.

When Dest Addr is a unicast address, its related MAC | ayer packets
will be pushed into the Transmit Queue with the correspondi ng
priority. 6top is responsible for feeding these packets into Transmit
or Shared Cells.

The QoS policy enforced by 6top is out of scope. As an exanple,
packets in higher priority queues could be transmitted before the
packets in lower priority queue. As a result, when there is an
avai |l abl e broadcast/unicast cell, 6top checks the broadcast/uni cast
queue with higher priority first. 6top continues this search until it
finds a broadcast/uni cast packet, or finds that all of broadcast/

uni cast queues are enpty.

Figure Figure 2 shows how 6t op shapes data fromthe upper |ayer
(e.g., RPL, 6LoWPAN), and feeds it to TSCH  The properties
associated with a packet/fragnment fromthe upper |ayer includes the
next hop nei ghbor (DestAddr), the packet priority, and Trackl D(s).
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6t op Data Transfer Nbdel

|
| (DestAddr, Priority, Fragnment)

oo e e e e eeeea o +
| I - MUX |
oo m o e e e e e e e eeeaao-- +
I I I I I
I I I I I
oo -+ oo -+ oo -+ oo -+ oo -+
I I I I I I I I I I
| QL | | Q2 | | B | | Q4 | | Qn |
I I I I I I I I I I
R R R R R
I I I I I
I I I I I
o e e e e e eeeaao +
I MUX I
oo m o e e e e e e e eeeaao-- +
I
I
oo -+
| PDY
R

I
| TSCH MAC- payl oad

Fi gure 2

In Figure 2, Q represents a queue, which is either broadcast or

uni cast, and is assigned a priority. The nunber of queues is
configurable. The relationship between queues and tracks is
configurable. For exanple, for a given queue, only one specific
track can be used, all of the tracks can be used, or a subset of the
tracks can be used.

When 6top receives a packet to transmit through a Send. data command
(Section 3.12), the I-MJX nodul e selects a queue in which to insert
it. |If the packet’'s destination address is a unicast (resp
broadcast) address, it is inserted into a unicast (resp. broadcast)
gueue.

The MJUX nodule is invoked at each scheduled transmit cell by TSCH
When i nvoked, the MJUX nodul e goes through the queues, |ooking for the
best matching frane to send. |If it finds a frame, it hands it over

Wang, et al. Expi res August 18, 2014 [ Page 10]



Internet-Draft 6t i sch- 6t op- subl ayer February 2014
to TSCH for transmission. |f the next active cell is a broadcast
cell, it selects a fragment only from broadcast queues.

How t he MUX nodul e selects the best franme is configurable. The
following rules are a typical exanple:

The frame’s |layer 2 destination address MJST match the nei ghbor
address associated with the transmt cell

If the transmit cell is associated with a specific track, the

franes in the queue corresponding to the Trackl D have the

hi ghest priority.

If the transmit cell is not associated with a specific track

i.e., TracklD=(0,0), frames froma queue with a higher priority

MUST be sent before franes froma queue with a |ower priority.
Further rules can be configured to satisfy specific QoS requirenents.

3. 6top Commands

6t op provides a set of commands as the interface with the higher
| ayer. Most of these commands are related to the configuration of
slotframes, cells and scheduling information. 6top also provides an
interface allowi ng an upper layer to retrieve status information and
statistics. The nanagenment conmands provided by 6top are listed
below. Note that this set defines a conceptual interface only; an
i npl ementati on can choose to use this exact set of comuands, or any
equi val ent alternative.

CREATE. hardcel | : Section 3.1.1

CREATE. softcell: Section 3.1.2

READ. cel | : Section 3.1.3

UPDATE. cel | : Section 3.1.4

DELETE. hardcel | : Section 3.1.5

DELETE. softcell: Section 3.1.6

REALLOCATE. softcel | : Section 3.1.7

CREATE. sl otfranme: Section 3.2.1

READ. sl ot franme: Section 3.2.2
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UPDATE. sl ot frame: Section 3.2.3
DELETE. sl otfranme: Section 3.2.4
CONFI GURE. noni toring: Section 3.3.1
READ. noni toring: Section 3.3.2
CONFI GURE. st atistics: Section 3.4.1
READ. st ati stics: Section 3.4.2
RESET. statistics: Section 3.4.3
CONFI GURE. eb: Section 3.5.1

READ. eb: Section 3.5.2

CONFI GURE. ti mesour ce: Section 3.6.1
READ. t i mesource: Section 3.6.2
CREATE. nei ghbor: Section 3.7.1

READ. al | . nei ghbor: Section 3.7.2
READ. nei ghbor: Section 3.7.3
UPDATE. nei ghbor: Section 3.7.4
DELETE. nei ghbor: Section 3.7.5
CREATE. queue: Section 3.8.1

READ. queue: Section 3.8.2

READ. queue. stats: Section 3.8.3
UPDATE. queue: Section 3.8.4

DELETE. queue: Section 3.8.5

Label Swi t chi ng. map: Section 3.9.1
Label Swi t chi ng. unmap: Section 3.9.2

CREATE. chunk: Section 3.10.1
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READ. chunk: Section 3.10.2

DELETE. chunk: Section 3.10.3

CREATE. hardcel | . fronchunk: Section 3.11.1
READ. chunkcel I : Section 3.11.2

DELETE. hardcel | . fronthunk: Section 3.11.3

Besi des nanagenent conmands, 6top provides the followi ng data
conmands:

Send. data: Section 3.12.1
Recei ve. data: Section 3.12.2
In addition, 6top offers a delegation interface allow ng an upper
| ayer to configure TSCH. 6top only del egates the functionalities to
the MAC security services. |n other words, 6top allows an upper
| ayer to access the security PIB (Table 60, Table 61, Table 63 in
[ EEEB02154]) by using M.ME- GET/ MLME- SET prinitives defined in
[ | EEE802154] .
3.1. Cell Commands
6t op provides the foll owi ng commands to nmanage TSCH cel |l s.
3.1.1. CREATE. hardcel
Creates one or nore hard cells in the schedule. Fails if the cel
already exists. A cell is uniquely identified by the tuple
(slotframe I D, slotOffset, channel Ofset).
To create a hard cell, the upper |ayer specifies:

slotframe ID: ID of the slotfrane this tinmeslot will be
schedul ed i n.

slotOffset: the slotOffset for the cell.

channel O fset: channel Ofset for the cell.

Li nkOption bitmap: bitmap as defined in [| EEEB02154¢e]

Li nkType : as defined in section 6.2.19.3 of [|EEE802154¢e].

Cel | Type: as defined in Section 2.1
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target node address: the address of that node to communicate
with over this cell. |In case of broadcast cells this is the
br oadcast addr ess.

TracklD: 1D of the track the cell will belong to.

6t op schedules the cell and marks it as a hard cell, indicating that
it cannot reschedule this cell. The return value is CelllID and the
created cell is also filled in CelllList

([1-D.wang-6ti sch-6top-interface]).

The interaction between 6top and MAC | ayer caused by CREATE. hardcel
is as foll ows.

Firstly, 6top calls the premtive M.ME-SET-LINK request defind in
section 6.2.19.3 of [|EEEB02154e]. The prenitive paraneters are set
as foll ows.

T T T T +
| M_ME- SET- LI NK. request paraneter | set by 6top |
o e e e e e e e e e e e e e e e e aa o - o e e e e e e e e e e e e e e e e aa o - +
[ operation [ ADD- LI NK [
S S +
[ Li nkHandl e [ CellID [
e e +
| sl ot f rameHandl e | slotfranme 1D |
o e e e e e e e e e e e e e e e e aa o - o e e e e e e e e e e e e e e e e aa o - +
[ ti mesl ot [ sl ot O f set [
S S +
| channel O f set | channel O f set [
e e +
| Li nkOpti ons | Li nkOption bitmap |
o e e e e e e e e e e e e e e e e aa o - o e e e e e e e e e e e e e e e e aa o - +
[ Li nkType [ Li nkType [
S S +
| nodeAddr | target node address [
e e +

Secondly, if the status from M.Me-SET-LINK confirm defined in section
6.2.19.4 of [IEEE802154e] is SUCCESS, then add the LinkHandl e to the
Bundl eLi st specified by Trackl D, and confirmto upper layer wth
status = SUCCESS; otherw se, confirmto upper layer with status =

FAI L.
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3.1.2. CREATE. softcel
To create soft cell(s), the upper |ayer specifies:

slotframe ID: ID of the slotfranme the cell(s) will be schedul ed
in

nunber of cells: the required nunber of soft cells.
Li nkOption bitmap: bitnmap as defined in [| EEEB02154¢€]
Cel | Type: as defined in Section 2.1

target node address: the address of the node to conmunicate
with over the cell(s). In case of broadcast cells this is the
broadcast address.

TracklD: 1D of the track the cell(s) will belong to.

QS level: the cell redundancy policy. The policy can be for
exanpl e STRI CT, BEST_EFFCRT, etc.

6top is responsible for picking the exact slotOfset and
channel O fset in the schedule, and ensure that the target node choose
the sane cell and Trackl D. 6top marks these cells as soft cell,
indicating that it will continuously nonitor their performance and
reschedul e if needed. The return value is CelllD, and the created
cell is also filled in CellList ([I-D. wang-6tisch-6top-interface]).

6top deals with the allocation process by negotiation with the target
node. The command returns the list of created cells defined by

(slotframe I D, slotOffset, channel Ofset). It fails if the required
nunber of cells is higher than the avail able nunmber of cells in the
schedule. It fails if the negotiation with the target node fails.

It fails if the LinkOption bitrmap indicates that the cell(s) MJST be
Har d.

The interacti on between 6top and TSCH happens on both sides descri bed
as follows.

For exanple, after neigotiation, node A and node B find a specifica
cell, slotOfset=10, channel Ofset=12, as a Tx cell and Rx cell,
respectively, then the 6top in node A and node B will call the
premitive M.ME-SET-LINK request defind in section 6.2.19.3 of

[ EEEB02154e], respectively. The premtive paraneters are set in
node A and node B as foll ows.
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------------------------------ e
M_ME- SET- LI NK. r equest paraneter | set by A's 6top | set by B s top
------------------------------ e
operation | ADD- LI NK | ADD- LI NK [
------------------------------ e
Li nkHandl e | CelllD | CelllD [
------------------------------ et
sl ot f rameHandl e | slotframe ID | slotframe ID |
------------------------------ e
ti mesl ot | 10 | 10 [
------------------------------ e
channel O f set | 12 | 12 |
------------------------------ et
Li nkOpti ons | Tx | Rx |
------------------------------ e
Li nkType | NORVAL | NORVAL [
------------------------------ e
nodeAddr | Node A | Node B [
------------------------------ et

If the Status from M_.ME-SET-LINK. confirmdefined in section 6.2.19.4
of [| EEE802154e], 6top will notify upper |ayer failure.

3.1.3.

READ. cel

Gven a (slotframe I D, slotOffset, channel Ofset), retrieves the cell
information. Fails if the cell does not exist. The returned
i nformati on contai ns:

Wang,

slotframe ID: ID of the slotframe where this cell is installed.
slotOfset: the slotOfset for the cell

channel O fset: the selected channel Ofset for the cell

Li nkOption bitmap: bitrmap as defined in [l EEEB02154e]

Cel | Type: as defined in Section 2.1

target node address: the target address of that cell. |In case
of broadcast cells this is the broadcast address.

TracklD: 1D of the track the cell will belong to.

NumOf St ati stics: Number of elenments in the following |ist of
tuple (StatisticsMetricelD and StatisticsVal ue)
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list of (StatisticsMetricelD, StatisticsValue):
StatisticsMetricelDis the index to Statistics Metric defined
in Section 3.4, StatisticsValue is the value corresponding to
the metric indexd by StatisticsMetricelD

A read conmand can be issued for any cell, hard or soft. 6top gets
cell information from CellList ([I-D. wang-6tisch-6top-interface]).

3.1.4. UPDATE. cel |

Update a hard cell, i.e., re-allocate it to a different slotOfset
and/ or channel Ofset. Fails if the cell does not exist. Requires
both old (slotframe ID, slotOfset, channel Ofset) and new (sl otfrane
ID, slotOfset, channel Ofset) as paraneters. And, the type of cell,
target node address and Trackl D are the fields that cannot be
updated. Soft cells MJST NOT be updated by the UPDATE. cell conmand.
REALLOCATE. softcell (Section 3.1.7) MJST be used instead.

It causes a old cell being renoved and a new cell being created.

3.1.5. DELETE. har dcel |

To renove a hard cell, the upper |ayer specifies:
slotframe ID: the ID of the slotfrane where this cell is
i nstall ed.

slotOffset: the slotOffset for the cell.

channel O fset: the selected channel Ofset for the cell.

Li nkOption bitmap: bitmap as defined in [| EEEB02154¢e]

Li nkType : as defined in in section 6.2.19.3 of [|EEE802154¢e].
Cel | Type: as defined in Section 2.1

target node address: the target address of that cell. |In case
of broadcast cells this is the broadcast address.

TracklD: 1D of the track the cell will belong to.

This renoves the hard cell fromthe node's schedule, from CellLi st
([!-D.wang-6tisch-6top-interface])as well.

The interaction between 6top and MAC | ayer caused by DELETE. hardcel |
is as follows.

Wang, et al. Expi res August 18, 2014 [ Page 17]



Internet-Draft 6t i sch- 6t op- subl ayer February 2014

Firstly, 6top calls the premitive M.ME-SET-LINK request defind in
section 6.2.19.3 of [|IEEE802154e]. The prenitive paranmeters are set
as follows.

S S +
| M_ME- SET- LI NK. request paraneter | set by 6top [
' N e +
| operati on | DELETE- LI NK |
o e e e e e e e e e e e e e e e e aa o - o e e e e e e e e e e e e e e e e aa o - +
[ Li nkHandl e [ Cell I D [
S S +
[ sl ot f rameHandl| e [ slotframe ID [
e e +
| ti mesl ot | sl ot O f set |
o e e e e e e e e e e e e e e e e aa o - o e e e e e e e e e e e e e e e e aa o - +
[ channel O f set [ channel O f set [
S S +
| Li nkOpti ons | Li nkOption bitmap |
N e e +
| Li nkType | Li nkType |
o e e e e e e e e e e e e e e e e aa o - o e e e e e e e e e e e e e e e e aa o - +
[ nodeAddr [ target node address [
S S +

Secondly, if the status from M.ME-SET-LINK confirmdefined in section
6.2.19.4 of [IEEE802154e] is SUCCESS, then renove the LinkHandl e from
its Bundl eList specified by Trackl D, and confirmto upper layer with
status = SUCCESS; otherw se, confirmto upper layer with status =
FAI L.
3.1.6. DELETE. softcel
To renmove a (nunber of) soft cell(s), the upper |ayer specifies:
slotframe ID: ID of the slotframe where this cell is installed
number of cells: the nunber of cells to be renoved
Li nkOption bitmap: bitmap as defined in [| EEEB02154¢e]
Cel | Type: as defined in Section 2.1

target node address: the target address of that cell. |In case
of broadcast cells this is the broadcast address.

TracklD: 1D of the track the cell will belong to
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In the case a soft cell wants to be re-allocated fromthe all ocated
cell so a hard cell can be installed instead, the REALLOCATE. softcel
(Section 3.1.7) MJIST be used.
After the pair of nodes figure out the specific cell(s) to be
renoved, the interaction between 6top and TSCH on both sides will be
simlar to that caused by DELETE. hardcell, except LinkType should be
set to NORNVAL.
3.1.7. REALLOCCATE. softcel
To force a re-allocation of a soft cell, the upper |ayer specifies:
slotframe ID: ID of the slotframe where the cell is allocated.
slotOffset: the slotOffset for that cell
channel O fset: the channel O fset for that cell
The reallocated cell will be installed in a different slotOfset,
channel O fset but slotframe and Trackl D remain the sanme. Hard cells
MJUST NOT be reall ocat ed.

The interaction between 6top and TSCH caused by this command i ncl udes
that described in Section 3.1.6 and Section 3.1.2.

3.2. Slotfranme Conmands

6t op provides the foll owing comands to nmanage TSCH sl ot franes.
3.2.1. CREATE.slotfrane

Creates a new slotframe. The comand requires

slotframe ID: unique identifier of the slotframe, corresponding
toits priority.

nunber of tineslots: the required nunber of tineslots in the
sl ot frane.

Fails if the nunber of required tineslots is | ess than zero.

The interaction between 6top and MAC | ayer caused by CREATE. sl otframe
is as foll ows.

Firstly, 6top calls the premtive M.ME- SET- SLOTFRAME. r equest defind

in section 6.2.19.1 of [|EEEB02154e]. The prenitive paraneters are
set as follows.
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o m e e e e e e e e e eme— oo - o m e e e e e e e e e eme— oo - +
| M_ME- SET- SLOTFRAME. r equest | |
| par anet er | set by 6top |
e e +
| sl ot f rameHandl e | slotfrane I D |
o m e e e e e e e e eeee o oo o m e e e e e e e e eeee o oo +
| operati on |  ADD |
o o +
| si ze | nunber of tinesl ot |
e e +

Secondly, if the status from M.Me- SET- SLOTFRAME. confirm defined in
section 6.2.19.2 of [|EEE802154e] is SUCCESS, then confirms to upper
| ayer with status = SUCCESS; otherw se, confirmto upper layer with
status = FAI L.

3.2.2. READ.slotframe

Returns the information of a slotfrane given its slotfrane ID. The
command returns:

slotframe ID: ID of the slotfrane. (Sl otFraneHandl e)
number of timeslots: the nunber of tinmeslots in the slotfrane.
Fails if the slotframe |ID does not exist.
3.2.3. UPDATE. sl otfrane
Change the nunber of tineslots in a slotfrane. The commuand requires:
slotframe ID: ID of the slotfrane.
nunber of tineslots: the nunber of tineslots to be updated.

Fails if the nunmber of required tinmeslots is less than zero. Fails
if the slotframe | D does not exist.

The interacti on between 6top and MAC | ayer caused by UPDATE. sl ot frame
is as foll ows.

Firstly, 6top calls the premtive MME- SET- SLOTFRAME. r equest defind
in section 6.2.19.1 of [|EEE802154e]. The prenitive paraneters are
set as follows.
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o m e e e e e e e e e eme— oo - o m e e e e e e e e e eme— oo - +
| M_ME- SET- SLOTFRAME. r equest | |
| par anet er | set by 6top |
e e +
| sl ot f rameHandl e | slotfrane I D |
o m e e e e e e e e eeee o oo o m e e e e e e e e eeee o oo +
| operation | MODI FY |
o o +
| si ze | nunber of tinesl ot |
e e +

Secondly, if the status from M.Me- SET- SLOTFRAME. confirm defined in
section 6.2.19.2 of [|EEE802154e] is SUCCESS, then confirms to upper
| ayer with status = SUCCESS; otherw se, confirmto upper layer with
status = FAIL.
3.2.4. DELETE.slotfrane

Del etes a slotframe. The conmand requires:

slotframe ID: ID of the slotfrane.

number of timeslot: the nunber of timeslots in the slotfrane.

Fails if the slotfrane | D does not exist.

The interacti on between 6top and MAC | ayer caused by DELETE. sl otframe
is as foll ows.

Firstly, 6top calls the premtive MME- SET- SLOTFRAME. r equest defind
in section 6.2.19.1 of [|EEE802154e]. The prenitive paraneters are
set as follows.

o m e e e e e e e e e e e e mo— oo o m e e e e e e e e e e e e mo— oo +
| M_ME- SET- SLOTFRAME. r equest | |
| par anet er | set by 6top [
o m e e o m e oo +
| sl ot f rameHandl e | slotfranme 1D |
o e e e e e e e e e e e e e e e e aa o - o e e e e e e e e e e e e e e e e aa o - +
[ operation [ DELETE [
o m e e o m e +
| si ze | nunber of tinesl ot |
o m e e o m e e +

Secondly, if the status from M.ME- SET- SLOTFRAME. confirm defined in
section 6.2.19.2 of [|EEEB02154e] is SUCCESS, then confirnms to upper
| ayer with status = SUCCESS; otherw se, confirmto upper layer with
status = FAIL.
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3.3. Mnitoring Comuands
Moni t ori ng conmands provi de the means for upper layers to configure
whet her 6top nust ensure the required bandwi dth. This procedure is
achi eved t hrough overprovisioning according to cell status feedback.
Monitoring is also in charge of reallocating soft cells that are
under the required QoS

3.3.1. CONFI GURE. noni toring

Configures the | evel of QS the Mnitoring process MIST enforce. The
conmand requires:

slotframe ID: ID of the slotfrane.
target node address: the target nei ghbor address.
enforce policy: The policy used to enforce the QS
requirenents. Can be for exanple DI SABLE, BEST_EFFORT, STRICT,
OVER- PROVI SI ON, etc

Fails if the slotfrane |ID does not exist.

3.3.2. READ. nonitoring.status

Reads the current Mnitoring status. Requires the follow ng
paraneters

slotframe ID: the ID of the slotframe.

target node address: the target nei ghbor address.
Returns the QoS levels for that Target node on that slotfrane.

al | ocated_hard: Nunber of hard cells allocated.

al | ocated_soft: Nunmber of soft cells allocated.

provi sioned: the extra provisioned cells. 0 if CONFI GURE. qos
enforce is DI SABLE

QS: the current QoS. Including overprovisioned cells, i.e
what bandwi dth is being obtained including the overprovisioned
cells.

RQS: the real QS without provisioned cells. Wat is the
actual bandwi dth without taking into account the
overprovi si oned cells.
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Fails if the slotfrane | D does not exist.
3.4. Statistics Commands

6t op keeps track of TSCH statistics for upper |ayers to adapt
correctly to medi um changes. The exact netrics for statistics are
out of scope but the present commands SHOULD be used to configure and
read nonitored information regardl ess of the specific netric.

3.4.1. CONFI GURE. statistics
Configures Statistics process. The command requires:

slotframe ID: IDof the slotframe. |If enpty nonitors all
slotframe |Ds

slotOfset: specific slotOfset to be nonitored. |If enpty all
timeslots are nonitored

channel O fset: specific channel Ofset to be monitored. |If
enpty all channels are nonitored.

target node address: the target nei ghbor address. |f enpty,
al | nei ghbor nodes are nonitored.

metric: metric to be monitored. This MAY be PDR, ETX, queuing
statistics, energy-related netrics, etc.)

wi ndow, tinme wi ndow to be considered for the calculations. |If
0 all historical data is consi dered.

enabl e: Enabl es statistics or disables them

Fails if the slotfrane ID does not exist. The statistics service can
be configured to retrieve statistics at different levels. For
exanple to aggregate information by slotfrane ID, or to retrieve
statistics for a particular tineslot, etc. The CONFI GURE. statistics
enabl es fl exible configuration and supports enpty paraneters that
will force 6top to conduct statistics on all nenbers of that

di mension. For exanple, if Channel Ofset is enpty and netric is set
as PDR, then, 6top will conduct the statistics of PDR on all of
channel s.

3.4.2. READ. st ati sti cs

Reads a netric for the specified dinension. Information is
aggregated according to the paraneters. The comand requires:
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slotframe ID: ID of the slotframe. |If enpty aggregates
information of all slotfrane |Ds

slotOfset: the specific slotOffset for which the information
is required. |If enpty all timeslots are aggregated

channel O f set: the specific channel Ofset for which the
information is required. |If enpty all channels are aggregated.

target node address: the target neighbor address. |f enpty al
nei ghbor addresses are aggregat ed.

metric: metric to be read.
Returns the value for the requested netric.
Fails if enpty netric or netric does not exits.
3.4.3. RESET.statistics
Resets the gathered statistics. The command requires:

slotframe ID: ID of the slotframe. |If enpty resets the
information of all slotframe |Ds

slotOfset: the specific slotOfset for which the information
wants to be reset. |If enpty statistics fromall timeslots are
reset

channel O fset: the specific channel Ofset for which the
informati on wants to be reset. |If enpty all statistics for al
channel s are reset.

target node address: the target neighbor address. |f enpty al
nei ghbor addresses are aggregat ed.

metric: metric to be reset.
Fails if enpty netric or netric does not exits.
3.5. Network Formation Commands
EBs need to be configured, including their transnission period, the
slot O f set and channel O f set that they SHOULD be sent on, and the
join priority they contain. The paraneters for that command are
optional and enable flexible configuration of EBs. |If slotframe ID

is specified, the EBs will be configured to use that specific
slotframe; if not, they will use the first slotfrane where the
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configured slotOfset is allocated. The slotOffset enforces the EB
to a specific tineslot. 1In case slotOfset parameter is not present,
the EBis sent in the first available transmt tinmeslot. In case
channel O f set paraneter is not set, the EB is configured to use the
first avail abl e channel.

3.5.1. CONFI GURE. eb
Configures EBs. The conmand requires:

slotfrane ID: ID of the slotfrane where the EBs MJUST be sent.
Zero if any slotframe can be used.

slotOffset: the slotOffset where the EBs MUST be sent. Zero if
any tineslot can be used.

channel O fset: the channel O fset where the EBs MJST be sent.
Zero if any channel O fset can be used.

period: the EBs period, in seconds.

Expiration: when the EBs periodicity will stop. |If Zero the
peri od never stops.

priority: the joining priority nodel that will be used for
advertisenent. Joining priority MAY be for exanple
SAME_AS_PARENT, RANDOM BEST_PARENT+1 or DAGRANK(rank) as
decribed inin [I-Dietf-6tisch-mininmal].

Fails if the tuple (slotframe ID, slotOfset, channel Offset) is
al ready schedul ed.

3.5.2. READ. eb
Reads the EBs configuration. No parameters are required.

Returns the current EBs configuration for that slotframe, which
cont ai ns:

slotframe ID: the slotframe where the EB is being sent.
slotOffset: the slotOfset where the EBs is being sent.
channel O fset: the channel O fset the EBs is being sent on.

peri od: the EBs peri od.
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Expiration: when the EBs periodicity stops. |If 0O the period
never stops.
priority: the joining priority that this node adverti ses.

Fails if the slotfrane |ID does not exist.

3.6. Time Source Nei ghbor Comands

Conmands to select tinme source nei ghbors.
3.6.1. CONFI GURE. ti mesource

Configures the Tine Source Nei ghbor selection process. Mre than one
ti me source nei ghbor can be selected. The conmmand requires:

sel ection policy: The policy used to select the tinme source
nei ghbor. The policy MAY be for exanpl e ALL_PARENTS
BEST_CONNECTED, LOWEST_JO N PRICRITY, etc.

Fails if any of the time source neighbors do not exist or it is not
reachabl e.

3.6.2. READ. tinesource

Retrieves informati on about the tine source neighbors of that node.
The conmand does not require any paraneter

Returns the following information for each of the tine sources:
target node: address of the time source nei ghbor

statistics: includes for exanmple mninum maxi num average tine
correction for that tine source nei ghbor

policy: the used policy
Fails if the slotframe ID or no tine source nei ghbors exist.
3.7. Nei ghbor Conmands
Conmands to nanage nei ghbor table. The commands SHOULD be used by

the upper layer to query the neighbor related information and by the
| ower |ayer to keep track of neighbors information
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3.7.1. CREATE. nei ghbor
Creates an entry for a neighbor in the neighbor table.
nei ghbor address: The address of the nei ghbor

nei ghbor stats: for exanple, RSSI of the |ast received packet
fromthat nei ghbor, ASN when that nei ghbor has been added, etc.

Ret urns whet her the nei ghbor is created or not.
3.7.2. READ. al |l . nei ghbor

Returns the list of neighbors of that node. Fails if enpty. For
each neighbor in the list it returns:

nei ghbor address: The address of the nei ghbor
nei ghbor stats: for exanple, RSSI of the |ast received packet
fromthat nei ghbor, ASN when that nei ghbor has been added,
packets received fromthat neighbor, packets sent to it, etc.
3.7.3. READ. nei ghbor
Returns the information of a specific neighbor of that node specified
by its neighbor address. Fails if it does not exists. For that
nei ghbor it returns:
nei ghbor address: The address of the nei ghbor
nei ghbor stats: for exanple, RSSI of the |ast received packet
fromthat nei ghbor, ASN when that nei ghbor has been added,
packets received fromthat neighbor, packets sent to it, etc.
3.7.4. UPDATE. nei ghbor

Updates an entry for a neighbor in the neighbor table. Fails if the
nei ghbor does not exist. Updates stats paraneters. Requires:

nei ghbor address: The address of the nei ghbor

nei ghbor stats: for exanple, RSSI of the |ast received packet
from that neighbor, ASN when that nei ghbor has been added, etc.

Ret urns whet her the neighbor is updated or not.
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3.7.5. DELETE. nei ghbor

Del etes a neighbor given its address. Fails if the nei ghbor does not
exi sts.

3.8. Queuei ng Conmands

Queues need to be configured. This includes queue |ength,
retransm ssion policy, discarding of packets, etc.

3.8.1. CREATE. queue

Creates and Configures Queues. The comand SHOULD be applied for
each required queue. The comrand requires:

txqgl ength: the desired transm ssion queue | ength.
rxqgl ength: the desired reception queue | ength.
nunrtx: nunber of allowed retransm ssions.

age: discard packet according to its age on the queue. 0 if no
di scards are all owed.

rt xbackof f: retransm ssion backoff in nunber of slotfranmes. 0O
if next available tineslot wants to be used.

st at swi ndow. w ndow of tine used to conpute stats.
queue priority: the priority of this queue.

Trackl Ds: a set of TracklDs. Wiile it is enpty, no specific
track is associated with the queue

Returns t he queue I D
3.8.2. READ. queue
Reads the queue configuration. Requires the queue |ID
The command returns:
txgl ength: the transm ssion queue | ength.
rxql ength: the reception queue | ength.

nunrt x: nunber of allowed retransm ssions.
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3.8.3.

age: maxi num age of a packet before being discarded. 0 if no
di scards are all owed.

rt xbackof f: retransm ssion backoff in nunber of slotframes. O
if next available tineslot is used.

READ. queue. st at s

Reads the queue stats. Requires queue |ID

The conmand returns:

3.8. 4.

txgl engt hstats: average, maxi num ninimumlength of the
transm ssi on queue.

rxqgl engt hstats: average, maxi rum mininmumlength of the
reception queue.

nunrtxstats: average, maxi mum m ni num nunber of
retransm ssi ons.

agestats: average, maxi mum mni num age of a packet in the
queue.

rt xbackof fstats: average, maxi num m ni num retransm ssion
backof f.

queue priority: the priority of this queue.

Trackl Ds: a set of Trackl Ds.

UPDATE. queue

Update a Queue. The command requires:

Wang,

queuei d: the queue ID

txqgl ength: the desired transm ssion queue | ength.
rxqgl ength: the desired reception queue | ength.
nunrtx: nunmber of allowed retransni ssions.

age: discard packet according to its age on the queue. 0 if no
di scards are all owed.

rt xbackof f: retransm ssion backoff in nunber of slotfranmes. O
if next available tineslot wants to be used.
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st at swi ndow. w ndow of tine used to conpute stats.
queue priority: the desired priority of this queue.
Trackl Ds: the desired set of Trackl Ds.

3.8.5. DELETE. queue

Del etes a Queue. The command requires the queue ID. All packets in
the queue are di scarded and the queue is del eted.

3.9. Label Switching Comuands

6top is responsible for maintaining the mappi ng of input cells and
output cells in the sane track in a particular node. By keeping that
mappi ng, layer 3 routing can be avoi ded as packets are forwarded by
the 6top subl ayer according to the input cells they were received on
The selected output cell is one of the cells that forward the packet
to the subsequent hop in the track

3.9.1. Label Swi tchi ng. map

The conmand used by an upper layer to map an input cell or a bundle
of input cells to an output cell or a bundle of output cells. 6top
stores this mappi ng and makes sure that the packets are forwarded at
the specific output cell/bundle. Label Switching is enabled by the
speci fied bundl e as soon as the mapping is install ed.

The required paraneters are:

input cells: list of input cells (one or nore cells in a
bundl e). Each input cells is described by an unique tuple
(slotOfset, channel Ofset, destination address).

output cells: list of output cells (one or nore cells in a
bundl e). Each output cells is described by an unique tuple
(slotOfset, channel Ofset, destination address).

| oad bal ancing policy: A policy for |oad bal ance cell usage.
The policy is out of scope, however an exanple can be use ROUND
ROBIN policy within the cells of the sane bundl e.
3.9.2. Label Swi tching. unmap
The conmand used by upper layers to unmap one input cell or a bundle

of input cells to an output cell or a bundle of output cells. The
mapping is renoved fromthe state kept by 6top
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The required paraneters are:

input cells: list of input cells (one or nore cells in a

bundl e). Each input cells is described by an uni que tuple

(slotOfset, channel Ofset, destination address).

output cells: list of output cells (one or nore cells in a

bundl e). Each output cells is described by an unique tuple

(slotOfset, channel Ofset, destination address).

3.10. Chunk Commrand

3.10.1. Create.chunk
Create a chunk which consists of one or nore unappropriated cells.
To create a chunk, upper |ayer specifies:

slotframe ID: ID of the slotframe which this chunk bel ongs to.

ChunkSi ze: nunber of the cells which the chunk includes.

Sl ot Base : the base slotOfset of the chunk.

SlotStep : the increnental of slotOfset in the chunk.

Channel Base: the base channel Ofset of the chunk.

Channel Step: the increnental of channal O fset in the chunk.
Chunkl D is the return value of the comrand
([1-D.wang-6tisch-6top-interface]). The chunk is a set of cells in
the given slotframe, consisting of (slotOfset(i),channel Ofset(i)),
i =0. . Chunksi ze-1, slotOffset(i)= (slotBase + i * slotStep) %
sl ot frameLen, channel O fset(i) = (channel Base + i * channel Step) %
16". Those cells will be added into ChunkCell Li st
([1-D.wang-6tisch-6top-interface]) also.

3.10.2. READ. chunk

Returns the information of a chunk given its Chunkld. The comand
returns:

slotframe ID: ID of the slotframe which this chunk bel ongs to.
ChunkSi ze: nunber of the cells which the chunk includes.

Sl ot Base : the base slotOfset of the chunk.
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SlotStep : the increnental of slotOfset in the chunk
Channel Base: the base channel O fset of the chunk
Channel Step: the increnmental of channal Ofset in the chunk
Fails if the Chunkld does not exist.
3.10.3. Del ete. chunk
To del ete a chunk, upper |ayer specifies Chunkl D
It renoves the chunk from ChunkLi st
([!1-D.wang-6ti sch-6top-interface]), and also rempove those entries
corresponding to the cells of the chunk from
ChunkCel I Li st ([ | - D. wang-6ti sch-6top-interface]). |In addition, it
al so causes all of the scheduled cells in the chunk are deleted from
Cel I List ([I-D.wang-6tisch-6top-interface]) and TSCH schedul e as
wel | .
3.11. Chunk Cell Conmand
3.11.1. CREATE. hardcel I . fronchunk
Creates one or nore hard cells froma chunk. Fails if the cel
already exists. A cell is uniquely identified by the tuple

(slotframe I D, slotOffset, channel Ofset).

To create a hard cell froma chunk which is corresponding to a
specific slotframe 1D, the upper |ayer specifies:

chunkl D: I D of the chunk which this cell belongs to.
slotOffset: the slotOffset for the cell.

channel O fset: channel Ofset for the cell.

Li nkOption bitmap: bitmap as defined in [| EEEB02154¢e]

Li nkType : as defined in section 6.2.19.3 of [|EEE802154¢e].
Cel | Type: as defined in Section 2.1

target node address: the address of that node to communicate
with over this cell. 1In case of broadcast cells this is the

br oadcast addr ess.

TracklD: 1D of the track the cell will belong to.
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6t op schedules the cell and marks it as a hard cell, indicating that
it cannot reschedule this cell. In addition, 6top will change the
attributes corresponding to the cell in the ChunkCellList, i.e. its

CellIDis changed to the sane CellIDin the CellList, and its Status
is changed to USED ([|-D.wang-6ti sch-6top-interface]).

The interaction between 6top and MAC | ayer caused by
CREATE. hardcel | . fronchunk is same as that caused by CREATE. hardcel
(Section 3.1.1).

3.11.2. READ. chunkcel

Returns the cell information of a chunk given its Chunkld. For each
cell of the chunk, the conmand returns:

slotOffset: the slotOffset of the cell
channel O fset: channel O fset of the cell.
cellld: the celllIDin the CellList if schedul ed.
St at us: USED/ UNUSED
Fails if the Chunkld does not exist.
3.11.3. DELETE. hardcel I . fronchunk

To renove a hard cell which conmes froma chunk, the upper |ayer

speci fi es:
slotfrane ID: the ID of the slotfrane where this cell is
install ed.

slotOffset: the slotOffset for the cell.

channel O fset: the selected channel Ofset for the cell

Li nkOption bitmap: bitmap as defined in [| EEEB02154¢e]

Li nkType : as defined in in section 6.2.19.3 of [|EEE802154¢e].
Cel | Type: as defined in Section 2.1

target node address: the target address of that cell. |In case
of broadcast cells this is the broadcast address.

TracklD: 1D of the track the cell will belong to.
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This renoves the hard cell fromthe node’s schedule and Cell Li st
([!1-D.wang-6tisch-6top-interface]). |In addition, it changes the
attributes corresponding to the cell in the ChunkCellList, i.e. its
CellIDis changed back to FFFF, and its Status is changed to UNUSED
([1-D.wang-6ti sch-6top-interface]).

The interaction between 6top and MAC | ayer caused by DELETE. hardcel
is sanme as that caused by DELETE. hardcell (Section 3.1.5).

3.12. Data Commands

3.12.1. Send.data
The conmand used by upper layers to queue a packet so underlying TSCH
sends it. According to the specific priority, the packet is pushed
into a Queue with the equivalent priority or following a criteria out
of scope. Once a packet is inserted into a queue it waits to be
transmitted by TSCH according to the nodel defined in Section 2.2.
If the queue is full or destination address is not a L2 neighbor of
the node, failure to enqueue will be indicated to the caller.
The required paraneters are:

src address: L2 address

dest address: L2 unicast or broadcast address

priority: packet priority, usually is consistent with queue
priority

message length: the length of the nmessage

nmessage: control nessage or data nessage

securitylLevel : As defined by [| EEEB02154¢e].

3.12.2. Receive.data

The conmand is i nvoked whenever a packet is received and inserted
into a reception queue. The nethod acts as a callback function to
notify to the upper |ayers the received nessage. Upper |ayers MJST
term nate this indication.
The function has the foll owi ng parameters:

src address: L2 source address

dest address: L2 unicast or broadcast destination address
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4.

4.

4.

priority: packet priority, usually is consistent with queue
priority

message | ength: the | ength of the nmessage.
nmessage: control nessage or data nessage
6t op Conmuni cati on Protocol

This section defines the Informati on El enent (I1E) based nessage
formats, and the 6top-to-6top conmunication tinme sequences.

1. Message Formats

6top has to negotiate the scheduling of soft cells w th neighbor
nodes. This negotiati on happens through 6t op-specific TSCH
Information El ements, the format of which is defined in this section
For conpl eteness, this section also details the formats of the IEs
al ready defined in [| EEE802154e] and presented here w t hout
nmodi fi cati on.

6t op nmessages can contain one or nore |Es. Section 4.1.1 defines the
different IEs used by 6top, both the ones used wi thout nodification
from [ | EEEB02154e], and the new ones defined by this docunent.
Section 4.1.2 shows how several |Es are assenbled to formthe
different frames used by 6top

1.1. Information El ements

[ 1 EEE802154e] defines Information elenments (IEs). |Es are formatted
data objects consisting of an ID, a length, and a data payl oad used
to pass data between | ayers or devices. [I|EEE802154e] defines Header
| Es and Payl oad I Es; 6top only uses Payload IEs. A Payload IE

i ncludes one or nore IEs, and ends with a termnation IE (I D = 0xO0f,
see [| EEE802154e]).

6top uses the following Information El enments, sonme defined in
[ EEEB02154e], others introduced in this docunent.

Defined in [| EEEB02154e] and used by 6top without nodification

TSCH Synchroni zation IE (Section 4.1.1.1)
TSCH Slotfranme and Link IE (Section 4.1.1.2)

TSCH Ti mesl ot Tenplate IE (Section 4.1.1.3)
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TSCH Channel Hopping | E (Section 4.1.1.4)

Defi ned by 6t op:

6t op Opcode I E (Section 4.1.1.5)
6t op Bandwi dth I E (Section 4.1.1.6)
6top TracklD IE (Section 4.1.1.7)
6t op Generic Schedule IE (Section 4.1.1.8)
4.1.1.1. TSCH Synchronization IE
A Synchronization |E (SynclE) contains Information allowi ng a node to
synchroni ze to a TSCH network, including the current ASN and a join
priority. Synchronization |E MIST be included in all TSCH Enhanced
Beacons.
6top re-uses this IE as defined in [| EEE802154¢€].
Format of a TSCH Synchroni zation I E (Syncl E)
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Lengt h [ Subl D | T| ASN [
B i i S S i I e i S S R L e e e e
| ASN | Join Priority |
R R e R e s s e o S S e R e o o
Figure 3
Lengt h=6
Subl D=0Ox1a
T=0, i.e., short type

ASN (5 octets) contains the Absolute Sl ot Nunber corresponding to the
tinmeslot in which the TSCH Enhanced Beacon is sent.

The Join Priority can be used by a joining device to sel ect anbng
beaconi ng devi ces when nultiple beacons are heard. The PAN
coordinator’s join priority is zero. A lower value of join priority
i ndicates that the device is the preferred one to connect to. As
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suggested by [I-D.ietf-6tisch-ninimal], the beaconing device's join
priority is its DAGRank(rank).

4.1.1.2. TSCH Slotframe and Link IE
The Slotframe and Link | E (FranmeAndLi nkl E) contains one or nore
slotframes and their respective cells that a beaconing device
advertises to allow other devices to join the network.
6top re-uses this IE as defined in [| EEE802154¢€].

Format of a TSCH Slotfrane and Link | E (FraneAndLi nkl E)
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Lengt h [ Subl D | TI  Nunfrane [ [
B i e S T i S S |
I I
11 Slotfrane and cell information 11
I I
B i S S T s i S T st i S S S S S S S S i
Figure 4

Lengt h=vari abl e

Subl D=0x1b

T=0, i.e., short type

Nunframe is set to the total nunber of slotfranme descriptors
contained in the TSCH Enhanced Beacon

Format of a slotframe descriptor.

01234567890123456789012345678901
R R e R e s s e o S S e R e o o
| Franmel D | FranelLen | NumCel | |
B i S S T s i S T st i S S S S S S S S i
I I
/1 Cell information for each cell (5x NuntCell) /1
I I
R R e R e s s e o S S e R e o o

Figure 5

The Franel D field shall be set to the slotfraneHandl e that uniquely
identifies the slotfrane.
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The FranelLen field shall be set to the size of the slotfranme in
nunber of tineslots.

The NuntCell field shall be set to the nunber of cells that belong to
the specific slotfrane identified by the slotframeHandl e.

Format of a Cell information.
01234567890123456789012345678901
B T i S S i S T h T i S S S S e
| Sl ot O f set | Channel O f set |
B E e r e s i s i o T T s S S S S 2
| LinkOption [
+- - - - - - - -+

Figure 6
SlotOfset shall be set to the slotOfset of this cell.

Channel O fset shall be set to the channel Ofset of this cell.

Li nkOption indicates whether this cell is a TX cell, an RX cell, or a
SHARED TX cell, whether the device to which it is being linked is to
be used for clock synchroni zation, and whether this cell is hard
cell.

4.1.1.3. TSCH Tinmeslot Tenplate IE

Ti mesl ot Tenplate |E (Sl ot Tenpl atel E) defines Tineslot tenplate being
used by the TSCH devi ce.

6top re-uses this IE as defined in [| EEE802154¢].

Format of a TSCH Tinesl ot Tenplate IE (Sl ot Tenpl atel E).
012345678901234567890123
e e o T T o e e S R e e e R e
| Length | Subl D | T| TenplatelD |
B i i S S I T i i T S R

Figure 7
Lengt h=1
Subl D=0x1c

T=0, i.e., short type
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Tenpl atel D shall be set to a Tinmeslot tenplate handle. The ful
timesl ot tenplate, which contains the macTi mesl ot Tenpl ate of TSCH
(total 25 octets), MAY be included. (see [| EEE802154e]).

4.1.1.4. TSCH Channel Hopping |E

Channel Hopping | E (ChHoppi ngl E) defines the Hoppi ng Sequence being
used by the TSCH devi ce.

6top re-uses this IE as defined in [| EEE802154¢€].

Format of a TSCH Channel Hoppi ng | E (ChHoppi ngl E)
012345678901234567890123
B i i S S I T i i T S R
[ Lengt h | SublD |T| HopSequencel D |
B i e i o S i ik e T S B TR e

Fi gure 8

Lengt h=1

Subl D=0x09

T=1, i.e., long type

HopSequencel D shall be set to a Hoppi ng Sequence handle. The ful
Hoppi ng Sequence infornmation MAY be included. (see [| EEE802154¢]).

4.1.1.5. 6top Opcode I E

6t op Opcode | E (Opcodel E) defines operation codes of packets in 6top
subl ayer.

This IE is not present in [| EEE802154e] and is defined by 6top
Format of a 6top Opcode | E (Opcodel E).

012345678901234567890123

B s o T S e e i i et SIE TRIE RIS TR S S

| Length | Subl D | T Opcodel D |

B e T i T e S S e T e S S e S e i s

Figure 9

Lengt h=1

Subl D=0x41
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T=0, i.e., short type

Opcodel D field shall be set to one of the foll ow ng codes.
0x00: Reserve Soft Cell Request
0x01: Reserve Soft Cell Response
0x02: Renove Soft Cell Request
0x03: Reserve Hard Cell Request
0x04: Renove Hard Cell Request

4.1.1.6. 6top Bandwidth IE

Bandwi dth I E (BWM E) defines the nunber of cells to be reserved or
actual ly be reserved.

This IE is not present in [|EEE802154e] and is defined by 6top.

Format of a 6top Bandwidth IE (BWME).
01234567890123456789012345678901
T S i i S S i i S S
| Length | Subl D | T Franmel D | NumCel | |
B i S S T s i S T st i S S S S S S S S i

Fi gure 10

Lengt h=2

Subl D=0x42

T=0, i.e., short type

Framel D MAY be set to the SlotFranmeHandl e to identify the slotfrane

fromwhich cells are reserved. FranmelD field MAY be set to NOP,

whi ch neans no specific slotframe is associ at ed.

NunCel | shall be set to the nunmber of cells. Wen BME is conbined

with the Opecodel D of Reserve Soft Cell Request, NuntCell presents how

many cells are required to reserve; and when BWM E is conbined with

the Opecodel D of Reserve Soft Cell Response, NunCell presents how
many cells are reserved successfully.

Wang, et al. Expi res August 18, 2014 [ Page 40]



Internet-Draft 6t i sch- 6t op- subl ayer February 2014

4.1.1.7. 6top TrackiD IE

Trackl D I E (Trackl dl E) describes the track which the reserved/renoved
cell (s) are associated wth.

This IE is not present in [| EEE802154e] and is defined by 6top
Format of a 6top Trackl D | E (Trackl dl E)
01234567890123456789012345678901
B T i it T s i S e i SR SR
[ Lengt h [ Subl D | T Ownerinstl D rev|
T e e t e o o e e e R

11

I
I
11
| Tr ackOaner Addr |
I
+

B i e T S S i T s i i S S S S S S S
Fi gure 11

Length=3 or 7. Wen |ength=3, TrackOmerAddr is 2 bytes short
address, and when | ength=7, TrackOmerAddr is 6 bytes | ong address.

Subl D=0x43
T=0, i.e., short type

The conbi nati on of TrackOmer Addr and Owmnerlnstld represents a
specific Trackl D

4.1.1.8. 6top Generic Schedule IE
Generic Schedule IE (Schedul el E) describes cell sets. |In different
packets, Schedul el E represents different information. See
Section 4.1.2 for nore detail.

This IE is not present in [|EEE802154e] and is defined by 6top

Wang, et al. Expi res August 18, 2014 [ Page 41]



Internet-Draft 6t i sch- 6t op- subl ayer February 2014

Format of a 6top Generic Schedule | E (Schedul el E).

01234567890123456789012345678901
B T i S S i S T h T i S S S S e
| Length | Subl D | T
B s T I i R S e T S e i S R

I

I

I I

/1 Schedul e Body /1

I I

B T i S S i S T h T i S S S S e
Fi gure 12

Lengt h=vari abl e

Subl D=0x44

T=0, i.e., short type

Schedul e Body carries one or nore schedul e object. An object MAY
carry a TLV (Type-Length-Val ue), which MAY itself conprise other
TLVs. TLV format is as follows. Type: 1 byte, Length: 1 byte,
Val ue: variable

The follow ng are sonme exanpl es of schedul e object TLW.
Example 1. Cell Set TLV

01234567890123456789012345678901
T S T i T S S s i S s
| Type=1 | Length | FramelD | NunCell | F|
B i s T T S T et S S T S I T s sl s ol ST S S S
I I
11 Cel | Obj ects 11
I I
+

T S e R S

Fi gure 13

Framel D shall be set to the slotfranmeHandl e that uniquely identifies
the slotfrane.

NunCel | shall be set to the nunber of cells that belong to the
specific slotframe identified by the slotframeHandl e.

F=1 neans the specified cells equals to what are listed in

Cel | Obj ects, and F=0 nmeans the specified cells equals to what are not
listed in Cell Qbjects.
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Cel | Obj ects carries the information for one or nore cells, including
Slot O fset, Channel O fset, LinkOption (Figure 6).

Exanpl e 2. Schedule Matrix TLV

01234567890123456789012345678901

i T e o o s T e e et e ok o Sl e
| Type=2 | Length | FramelD | Start Sl ot O f set |
B i S S T s i S T st i S S S S S S S S i
| Start SLot Of f set | Nunsl ot [ [
R i s ok S i N SR R R S |
/1 SlotBitMap (2x NunSl ot) /1
B i S S T s i S T st i S S S S S S S S i

Fi gure 14

Framel D field MJUST be set to the slotframeHandl e that uniquely
identifies the slotfrane.

StartSlotOffset field (2 octets) MUST be set to the slotOffset in the
specific slotfrane identified by the slotframeHandl e.

Nunsl ot field MJST be set to the nunber of tineslots from
StartSlotOffset in the specific slotframe identified by the
sl ot f rameHandl e.

SlotBitMap (per tineslot) indicates for the given tineslot which
channel s are specified. For the 16 channels in 2.4GH# band, 2-octets
are used to indicate which channel is specified. For exanple, given
atineslot and a SlotBitmap with value (10001000, 00010000); the
bitmap represents that Channel O fset-0, Channel Ofset-4,
Channel O fset-11 are specified.

4.1.2. Packet Formats
This section describes the packets used in 6top to forma network,
reserve/ mai ntai n bandwi dth using soft cells, and reserve/renove hard
cells in both the transmtter side and receiver sides. Each of these
packets uses one or nore |Es defined in Section 4.1.1

4.1.2.1. TSCH Enhanced Beacon
The TSCH Enhanced Beacon is used to announce the presence of the

network and allows new nodes to join. It is an Enhanced Beacon
packet defined in [| EEEB02154e] with the followi ng Payl oad | Es:
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TSCH Synchroni zation | E (Section 4.1.1.1)

TSCH Ti nmesl ot Tenplate IE (Section 4.1.1.3)

TSCH Channel Hopping |E (Section 4.1.1.4)

TSCH Slotframe and Link IE (Section 4.1.1.2)
Payl oad | E of TSCH Enhanced Beacon Packet

01234567890123456789012345678901
B o i T e e S e S i T S R S e S e e sl S B T S
| Length | Groupl D| T| Syncl E |
B T o S e i ik S S I i i S Tl i e e
| Syncl E [
B o T T e e e i S L e s ol ST S S S S S S S S
| Syncl E | Sl ot Tenpl at el E |
B o i T e e S e S i T S R S e S e e sl S B T S
| Sl ot Tenpl atel E | ChHoppi ngl E |
B T o S e i ik S S I i i S Tl i e e
| |
11 Fr ameAndLi nkl E 11
I I
B o i T e e S e S i T S R S e S e e sl S B T S
Fi gure 15
Lengt h=vari abl e
G oupl D=0x1, i.e., MME IE
T=1, i.e., payload IE

See Section 4.1.1.1, Section 4.1.1.3, Section 4.1.1.4,Section 4.1.1.2
for SynclE, SlotTenplatel E, ChHoppi ngl E and FraneAndLi nkl E.

4.1.2.2. Soft Cell Reservation Request

A Soft Cell Reservation Request packet is a DATA packet defined in
[ EEEB02154e] with the followi ng payload IE.
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Payl oad I E of Soft Cell Reservation Request

01234567890123456789012345678901
B T i S S i S T h T i S S S S e
| Length | Groupl D| T| Opcodel E |
B E e r e s i s i o T T s S S S S 2
| Opcodel E | Bw E |
B i s T T S T et S S T S I T s sl s ol ST S S S
| Bw E | |
L S B i O S o |
11 Schedul el E 11
I+- R R R R e e r e e i o e e I+

Figure 16
Lengt h=vari abl e
G oupl D=0x1, i.e., MME IE
T=1, i.e., payload IE

The Qpcodel D field in the 3-octet Opcodel E SHOULD be set to 0x00,
i ndi cates Reserve Soft Cell Request operation.

The NuntCell field in 4-octet Bwm E SHOULD be set to the nunber of
cells needed to be reserved.

The Schedul el E specifies a candidate cell set, fromwhich the cells
SHOULD be reserved. Schedul el E MAY be enpty, neans there is no
constrain on which cells SHOULD not be reserved.

In addition, Trackldl E can be added in the packet to associate the
reserved soft cells to a specific TracklD.

4.1.2.3. Soft Cell Reservation Response

Soft Cell Reservation Response is a DATA packet defined in
[ EEEB02154e] with the foll owi ng payl oad I E
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Payl oad | E of Soft Cell Reservation Response
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Fi gure 17
Lengt h=vari abl e
G oupl D=0x1, i.e., MME IE
T=1, i.e., payload IE

The Opcodel D field in the 3-octet Opcodel E SHOULD be set to 0x01
i ndi cates Reserve Soft Cell Response operation

The NuntCell field in 4-octet BWME SHOULD be set to the number of
cells which have been reserved successfully.

The Schedul el E SHOULD specify all of the cells which have been
reserved successfully.

In addition, Trackldl E can be added in the packet to associate the
reserved soft cells to a specific TracklD.

4.1.2.4. Soft Cell Renpbve Request

Soft Cell Renove Request is a DATA packet defined in [| EEE802154¢e]
with the foll owi ng payload I E
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Payl oad I E of Soft Cell Renbve Request
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Fi gure 18

Lengt h=vari abl e

G oupl D=0x1, i.e., MME IE

T=1, i.e., payload IE

The Opcodel D field in the 3-octet Opcodel E SHOULD be set to 0x02,
i ndi cates Renpbve Soft Cell Request operation.

The Schedul el E SHOULD specify all the cells that need to be renoved.
4.1.2.5. Hard Cell Reservation Request

Hard Cell Reservation Request packet is a DATA packet defined in
[ EEEB02154e] with the followi ng payload IE.

Payl oad I E of Hard Cell Reservation Request

01234567890123456789012345678901

B s T e e e i T e s i sl sl S S S S S S S S
Length | Groupl D| T| Opcodel E |
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Opcodel E | |

+o e e e e e -+
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+-
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L |
/ /
L- T i i i i e e e s o b i SR SN L
Fi gure 19

Lengt h=vari abl e

G oupl D=0x1, i.e., MME IE
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T=1, i.e., payload IE

The Opcodel D field in the 3-octet Opcodel E SHOULD be set to 0x03,
i ndi cates Reserve Hard Cell Request operation.

The Schedul el E SHOULD specify all the cell that need to be reserved.

In addition, Trackldl E can be added in the packet to associate the
reserved hard cells to a specific TracklD.

4.1.2.6. Hard Cell Renbve Request

Hard Cell Renmove Request is a DATA packet defined in [| EEEB02154¢€]
with the follow ng payl oad |IE.

Payl oad I E of Hard Cell Renbve Request

01234567890123456789012345678901
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/ /

I I

B i s T T S T et S S T S I T s sl s ol ST S S S
Fi gure 20

Lengt h=vari abl e

G oupl D=0x1, i.e., MME IE

T=1, i.e., payload IE

The Opcodel D field in the 3-octet Opcodel E SHOULD be set to 0x04,
i ndi cates Renobve Hard Cell Request operation.

The Schedul el E SHOULD specify all the cells that need to be renoved.
4.2. Tine Sequences

6t op nei ghbors exchange 6top-specific packets in the foll ow ng cases,
each detailed in a subsection.

Network formation (Section 4.2.1)

Creating soft cells (Section 4.2.2)
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4.2. 1.

Del eting soft cells (Section 4.2.3)
Mai nt ai ni ng soft cells (Section 4.2.4)
Creating hard cells (Section 4.2.5)
Del eting hard cells (Section 4.2.6)

Net wor k For mati on

Net work formati on consists of two processes: joining and nai nt enance.

4.2.1. 1.

Joi ni ng

A node already in the network sends out TSCH Enhanced Beacons
periodically.

Wien a node is joining an existing network, it listens for TSCH
Enhanced Beacons. After collecting one or nore TSCH Enhanced BEACONs
(the format of which is detailed in Section 4.1.2.1), the joining
node MJST do the foll ow ng.

Wang,

Initialize a neighbor table. Establish a neighbor table and
record all of the information described in the TSCH Enhanced
BEACONs as its initial schedule with those nei ghbors.

Sel ect a time source neighbor. According to the Joining
Priority described by SynclEs, the joining node chooses tine
source nei ghbors. 6top does not specify the criteria to choose
ti me source neighbors fromthe Enhanced BEACONSs.

Sel ect cells for Enhanced Beacons. The joining node selects
one or nore cells to indicate in its own Enhanced Beacons,
whi ch MAY be the sane as the cells used by its nei ghbors for
Enhanced Beacon broadcast, and record those cell(s) into the
TSCH schedul e with Li nkType=ADVERTI S| NG

Its Enhanced Beacons SHOULD include the cell(s) selected for EB
pur poses. The EB cells MJST be configured with LinkOption to
"Receive" and "Ti nekeeping", telling its neighbors that the
cell is used for broadcast.

Start broadcasting Enhanced Beacon and conmunicate with
nei ghbor s.
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4.2.1.2. Mai nt enance

Nodes MAY broadcast Enhance Beacons on the cells marked with
Li nkType=ADVERTI SI NG and |isten for Enhanced Beacons from nei ghbors

on the cells with LinkOptions "Receive" and "Ti nekeeping". |If a cel
wi th Li nkType=ADVERTI SI NG has both the "Receive" and "Ti nekeepi ng"
Li nkOptions set, which neans that the cell is shared by nei ghbors and

itself for broadcasting, then broadcasti ng Enhanced Beacon has hi gher
priority.

Whenever a node receives an Enhanced Beacon, it SHOULD update its
schedule if there is a difference regarding to the cells used for
synchroni zing with the advertiser of the Enhanced Beacon

4.2.2. Creating soft cells

The upper layer instructs 6top to schedule one or nore soft cells by
calling the Create soft cell command. This conmand can al so be
called by the nonitoring process internal to 6top

When receiving a Create soft cell command, Node A s 6top subl ayer
forns a Soft Cell Reservation Request packet which includes the BwE
and Schedul el E I nformation El enents. The BwW E indicates the number
of cells to be reserved (N1); the Schedul el E i ndicates set of a

candi date cells fromwhich the new cells SHOULD be selected. |If the
Schedul el E is enpty, Node A indicates there is no constraint on cel
sel ection.

The Soft Cell Reservation Request is sent to the nei ghbor (Node B)
with whom new cells need to be schedul ed. After receiving the Soft
Cel | Reservation Request, Node B selects the cells fromthe candidate
cell set defined by the SchedulelE in the Soft Cell Reservation
Request, and fornms a Soft Cell Reservation Response packet. 1In the
Cel |l Reservation Response packet, the Bw E i ndi cates the nunber of
cells actually being reserved (N2); the Schedul el E indicates those
reserved cells. |If N2 is smaller than N1, node B indicates to node A
that there are not enough qualified cells to be reserved. Node B
MUST record the reserved cells into its | ocal schedul e when sendi ng
the Soft Cell Reservation Response. After receiving the Soft Cel
Reservation Response, Node A MJST record the reserved cells into its
| ocal schedul e.

The policy to build a candidate cell set and the policy to sel ect
cells fromthe candidate cell set to reserve are out of scope

The format of Schedule Body is flexible. For exanple, Node A can use

Cell Set TLV defined in Figure 13 with field '"F set to '0', and the
Cel | Obj ects includes all of the cells being used by Node A In
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anot her word, the cell candidate set is all of the cells not being
included in the list defined by Cell (bjects.

The behavi or of the nodes when the soft cells negotiation fails is
out of scope.

4.2.3. Deleting soft cells

The upper layer instructs 6top to delete one or nore soft cells by
calling the Delete soft cell command (Section 3.1.6). This command
can also be called by the nonitoring process internal to 6top
(Section 6).

When receiving a Delete soft cell command, Node A s 6top subl ayer
selects cells to be renoved fromits |ocal schedule, and creates a
Soft Cell Renobve Request, which includes a Schedul el E I nformation

El ement. The Schedul el E i ndi cates which specific cells to renpve
with a neighbor (Node B). The cells specified in the Schedul el E
SHOULD be renpved from | ocal schedule of Node A when the Soft Cel
Renove Request is sent to Node B. Wen receiving the Soft Cell Renove
Request, the cells specified in the Schedul el E SHOULD be renoved from
the | ocal schedul e of Node B

The policy to select cells corresponding to a Del ete soft cel
conmand is out of scope.

4.2.4. Mintaining soft cells

The nmonitoring process internal to 6top (Section 6) is responsible
for monitoring and re-scheduling soft cells to nmeet some QS
requirenents. The nonitoring process MAY issue a soft cel

Mai nt enance command, which indicate a set of cells to be re-allocated
in the TSCH schedul e.

When receiving a soft cell Miintenance conmand, 6top initializes a
Soft Cell Renmpbve Request (Section 4.2.3) with the neighbor in
question, followed by a Soft Cell Reservation Request

(Section 4.2.2).

4.2.5. Creating hard cells

The upper layer instructs 6top to create one or nore hard cells by
calling the Create hard cell command

When receiving a Create hard cell comuand, Node A s 6top subl ayer
creates a Hard Cell Reservation Request, including a SchedulelE. The
Schedul el E i ndi cates which specific cells with a neighbor (Node B) to
be added. The cells specified in the Schedul el E SHOULD be added in
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| ocal schedul e of Node A while the Hard Cell Reserve Request is sent
to Node B. Wen receiving the Hard Cell Reserve Request, the cells
specified in the Schedul el E SHOULD be added in the |ocal schedul e of
Node B.

4.2.6. Deleting hard cells

The upper layer instructs 6top to delete one or nore hard cells by
calling the Delete hard cell command.

When receiving a Delete hard cell command, Node A s 6top subl ayer
creates a Hard Cell Renove Request, including a SchedulelE. The
Schedul el E i ndi cates which specific cells with a neighbor (Node B) to
be remobved. The cells specified in the Schedul el E SHOULD be renoved
fromlocal schedule of Node A while the Hard Cell Renobve Request is
sent to Node B. When receiving the Hard Cell Renove Request, the
cells specified in the Schedul el E SHOULD be renpved fromthe | ocal
schedul e of Node B.

5. Statistics

The 6top Statistics Function (SF) is responsible for collecting
statistics, which it can provide to an upper |ayer and the Monitoring
Function (Section 6).

5.1. Statistics Metrics

6top is in charge of keeping statistics froma set of netrics
gathered fromthe behavior of the TSCH | ayer.

The statistics data related to node states and cell netrics SHOULD be
provi ded to upper layer for nanagenment, e.g., for RPL to calcul ate
the node’s Rank or for GWLS to the required bandwi dth is net. The
specific algorithmto generate the statistics is out of scope.
However, the statistics conponent SHOULD include the follow ng
metrics:

1. LinkThroughput: associated with a |link, Node A->Node B. For
exanpl e, Li nkThroughput can be cal culated with:
SUM NunOf Cel | (i) * NunOf Byt ePer Packet )/ (FraneLen(i ) *Sl ot Dur ati on)
where NunOfCel I (i) is the total nunber of cells from Node Ato
Node B in Slotframe-i, FrameLen(i) is the length of Slotframe-i.
The unit is Byte/second.

2. Latency: associated with a |ink, Node A->Node B. For exanpl e,
| at ency can be expressed as M ni mrum and Maxi nrum Latency. M ni num
Latency = Mn(MnNunOfSlot(i),i=1..) * SlotDuration and Maxi nrum
Latency = Max(MaxNumOf Sl ot (i),i=1..) * SlotDuration where,
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M nNunf Sl ot (i) and MaxNunmOf Sl ot (i) are the m ni num or maxi num
nunber of tineslots between two dedicated cells fromNode Ato
Node B in Slotframe-i, respectively.
3. LinkQality. For exanple, average LQ, ETX, PDR, RSSI.
4. TrafficLoad. For exanple, Queue Full Rate, Queue Enpty Rate.
5. NodeEnergy. For exanple, E E=E bat / [E O (T-t)/T].
5.2. Statistics Configuration

The Statistics Function SHOULD be configurable. The configuration
par anet ers SHOULD i ncl ude:

Li nkQual ityStatisticsEn
TafficLoadStatisticsEn
Devi ceStati sti csEn

6top statistics function is enabl ed/ di sabl ed and configured by the
commands defined in Section 3.4

6. Mnitoring
The 6top Monitoring Function (MF) is responsible for nonitoring cell
quality, traffic load, and issuing soft cell Miintenance conmands, or
Create/ Del ete soft cell commands. The data provided by the
Statistics Function MAY be used as an input of MFin taking a
nmoni t ori ng deci si on.

6.1. NMonitor Configuration

Moni toring Function SHOULD be configurable. The configuration
par anet ers SHOULD i ncl ude:

Mai nt ai nCel | En.

Creat eDel et eCel | En.

QosLevel .  QosLevel SHOULD associate with specific nei ghbor
address. QosLevel MAY reflect the latency constraint, cell
quality constraint, and so on. The value of QosLevel works as

t he bandwi dt h redundancy coeffi cient.

The 6top nonitoring function is enabl ed/ di sabl ed and confi gured by
the conmands defined in Section 3.3
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6.2. Actuation

The cell quality statistics MAY be used to generate soft a cel

Mai nt enance conmand, which triggers a soft cell Maintenance procedure
(see Section 4.2.4). The traffic | oad statistics MAY be used to
generate internal Create (resp. Delete) soft cell commands, which
trggiers a soft cell Reservation (resp. Renobve) process (see

Section 4.2.2 and Section 4.2.3).

The policy to generate the soft cell Miintenance conmand and the
policy to generate Create/ Del ete soft cell commands is out of scope.

The policy to generate Create/Delete soft cell comands MAY take
QoslLevel into account. For exanple, there are two slotfranes
existing, Slotfrane-1 consists of 32 tinmeslots, Slotframe-2 consists
of 96 tineslots; tineslot duration is 10ns; QosLevel =1.5. If, from
the traffic |load statistics, M- deternmi nes that 2 packet/second
SHOULD be added, then the M- generates a Create soft cell conmmand,
where Franel D=2, NuntCel | =3
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