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Abst ract

Thi s docunment defines a generic data nodel for the 6Ti SCH Operation
Subl ayer (6top), using the YANG data nodeling | anguage. This data
nodel can be used for future network nmanagenent sol utions defined by
the 6Ti SCH working group. This docunment al so defines a list comrands
internal to the 6top sublayer

Requi rement s Language
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"OPTIONAL" in this docunment are to be interpreted as described in RFC
2119 [ RFC2119].

Status of This Meno

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

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

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

This Internet-Draft will expire on January 5, 2015.
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1. Introduction

Thi s docunent defines a generic data nodel for the 6Ti SCH Operation
Subl ayer (6top), using the YANG data nodel i ng | anguage defined in

[ RFC6020]. This data nodel can be used for future network managenent
solutions defined by the 6Ti SCH worki ng group. This docunment al so
defines a list conmands internal to the 6top sublayer. This data
nodel gives access to netrics (e.g. cell state), TSCH configuration
and control procedures, and support for the different scheduling
mechani sms described in [I-D.ietf-6tisch-architecture]. The 6top
subl ayer addresses the set of nanagenment information and
functionalities described in [I-D.ietf-6tisch-tsch].

For exanple, network formation in a TSCH network is handl ed by the
use of Enhanced Beacons (EB). EBs include information for joining
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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 particul ar
node to join. 6top offers a set of commands so control nechani sns can
be introduced on top of TSCH to configure nodes to join a specific
node and obtain a unique 16-bit identifier fromthe network. Once a
network is formed, 6top maintains the network’s health, allow ng for
nodes to stay synchronized. It supplies nechanisns to nmanage each
node’s time source nei ghbor and configure the EB interval. Network
| ayers running on top of 6top take advantage of the TSCH MAC | ayer
informati on so routing netrics, topological infornmation, energy
consunption and | atency requirenments 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
6top to establish a schedul e given a bandw dth or | atency
requirenent. 6top is designed to enable decentralized, centralized or
hybrid scheduling solutions. 6top enables internal TSCH queui ng
configuration, size of buffers, packet priorities, transm ssion
failure behavior, and defines nmechanisns to encrypt and authenticate
MAC sl ot franes.

As described in [norell 04l abel], 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 | abel header
is not needed at each packet; the input cell (or bundle) and the
output cell (or bundle) uniquely identify the data flow. The 6top
subl ayer provides operations to nmanage the cell nappings.

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

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

(Figure 1), as detailed in [I-D.ietf-6tisch-architecture]. 6top

of fers both managenent and data interfaces to an upper |ayer, and

i ncludes nmonitoring and statistics collection, both of which are
configurable through its nanagenment interface. The detail of 6top-
subl ayer is described in [I-D. wang-6tisch-6top-subl ayer]
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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.

When a hi gher | 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.

Section 3 contains a generic data nodel for the 6top subl ayer
described in the YANG data nodel i ng | anguage.

The conmands of the managenent and data interfaces are listed in
Section 4. This set of commands is designed to support
decentralized, centralized and hybrid scheduling sol utions.

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 nore than one of them The M.ME- SET-LI NK. r equest
conmand defined in [| EEE802154e] uses a |linkOptions bitmap to specify
the options of a cell. Acceptable values are:

b0 = Transmt

bl Recei ve
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b2 Shar ed

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 handl e
collisions. Shared behavior does not apply to Receive cells.

6top all ows an upper layer to schedule a cell at a specific
slot O fset 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
slotOFfset(s) and channel O fset(s). Once bandwidth is reserved, 6top
is in charge of ensuring that this requirenent is continuously
satisfied. 6top dynanmically reallocates 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
(TrackOwner Addr, | nstancel D), where TrackOmnerAddr is the address of

the node which initializes the process of creating the track, i.e.
the owner of the track; and InstancelD is an instance identifier
given by the owner of the track. InstancelD conmes from upper |ayer;

I nstancel D coul d 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. [|f the TracklD is not
set to (0,0), i.e., the cell belongs to a specific track, the cel
MJUST not be set as Shared cell

6top all ows an upper layer to ask a node to nanage a portion of a
slotframe, which is naned as chunk. Chunks can be del egat ed
explicitly by the PCE to a node, or clainmed automatically by any node
that participates to the distributed cell scheduling process. The
resource in a chunk can be appropriated by the node, i.e. the owner
of the chunk.

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

A hard cell is a cell that cannot be dynamically reallocated by 6top
The Cell Type MJUST be set to 1. The cell is installed by 6top given
specific slotframe ID, slotOfset, and channel O f set.

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 bandwi dth requirement. Soft cells are installed through
the soft cell negotiation procedure described in

[1-D. wang- 6ti sch- 6t op-subl ayer].

2. 2. Dat a Transfer Nbdel

Once a TSCH schedul e is established, 6top is responsible for feeding
the data fromthe upper layer into TSCH This section describes how
6t op shapes data fromthe upper layer (e.g., RPL, 6LoWPAN), and feeds
it to TSCH. Since 6top is a sublayer between TSCH and 6LoWPAN, the
properties associated with a packet/fragnment fromthe upper |ayer

i ncl udes the next hop nei ghbor (DestAddr) and expected sendi ng
priority of the packet (Priority), and/or TracklD(s). The output to
TSCH is the fragnent corresponding to the next active cell in the
TSCH schedul e.
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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 has an assigned 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 4), 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 will be inserted into a unicast (resp. broadcast) queue.

The MJUX nodul e is invoked at each scheduled transmit cell by TSCH
When i nvoked, the MJX nodul e goes through the queues, |ooking for the

best matching franme to send. |If it finds a frame, it hands it over
to TSCH for transmission. |f the next active cell is a broadcast
cell, it selects a fragnment only from broadcast queues
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How t he MJUX nodul e sel ects the best frame is configurable. The
following rules are a typical exanple

The frane’s layer 2 destination address MJUST 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), franmes froma queue with a higher priority
MUST be sent before frames froma queue with a lower priority.

Further rules can be configured to satisfy specific QoS requirenents.
3. Ceneric Data Mde

This section presents the generic data nodel of the 6top subl ayer
usi ng the YANG data nodeling | angage. This data nodel can be used
for future network managenment sol utions defined by the 6Ti SCH wor ki ng
group. The data nopdel consists of the MB (managenent infornmation
base) defined in 6top, and part of the PIB (personal area network

i nformati on base) defined in [| EEEB02154e] and [| EEE802154].

3.1. YANG nodel of the 6top MB

list CelllList {
key "Cel I I D';
description
"Li st of scheduled cells of a node with all of its neighbors,
inall of its slotframes.";

leaf CelllID{
type uint 16;
description
"Equal to Linkhandle in the |inkTable of TSCH';
reference
"1 EEEB02154e"

}
| eaf SlotfranelD {
type uint8;
description
"Slotfranel D, one in SlotfraneList, indicates the slotfrane
the cell belongs to."
ref erence
"| EEE802154e" ;
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| eaf SlotOfset {
type uint 16;
description
"Defined in | EEEB02154e. "
ref erence
"| EEE802154e";

}
| eaf Channel O fset {
type uint8;
description
"Defined in | EEEB02154e. Val ue range is 0..15"
reference
"| EEE802154e";

}
| eaf LinkOption {
type bits {
bit Transmit ({
position O;
}

bit Receive {
position 1;

}
bit Share {
position 2;

}

bit Ti mekeeping {
position 3;

}

bit Reservedl {
position 4;

}

bit Reserved2 {
position 5;

}

bit Reserved3 {
position 6;
}

bit Reserved4 {
position 7;
}
}

description

"Defined in | EEEB02154e."
ref erence

"| EEE802154e"

}
| eaf LinkType {
type enuneration {
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enum NORMAL;
enum ADVERTI SI NG
}
description
"Defined in | EEEB02154";
ref erence
"1 EEE802154";

}
| eaf Cell Type {
type enuneration {
enum SOFT;
enum HARD,;
}
description
"Defined in 6top";
}
| eaf Tar get NodeAddress {
type uint 64;
description
"Defined by 6top, but being constrained by TSCH
macNodeAddr ess size, 2-octets. If using TSCH as MAC,
hi gher 6-octets should be filled with 0, and | owest
2-octets is neighbor address"”;

}

| eaf Trackl D {
type uint 16;
description
"A TracklDis one in the TrackList, pointing to a tuple
(TrackOwner Addr, I nstancel D) , where TrackOmerAddr is the
address of the node which initializes the process of

creating the track, i.e., the owner of the track; and
Instancel D is an instance identifier given by the owner of
the track.";

}

contai ner Statistic {
| eaf NunTX Statistic {
type uint8;
description
"Number of statistics collected on the cell™;
}
list MeasurelList {
key "StatisticsMetricslD';
| eaf StatisticsMetricslDf
type uint 16;
description
"An index of StatisticsMetricList, which defines how
to collect data and get the statistice value";
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| eaf StatisticsVal ue{
type uint 16;
config fal se;
description
"updated by 6top according to the statistics nethed
specified by StatisticsMetricslD';

}
}

list SlotfraneList {

Wang,

key "Slotfranel D';
description
"List of all of the slotfranes used by the node.";

| eaf SlotfranelD {
type uint8;
description
"Equal to SlotfraneHandl e defined in TSCH';
reference
"| EEE802154e";
}
| eaf NunOX Sl ots {
type uint 16;
description
"indicates how many tineslots in the slotframe";

list MonitoringStatusList {
key "MonitoringStatuslD';
description
"List of the nonitoring configuration and results per
slotframe and nei ghbor. Basically, it is used for Monitoring
Function of 6top to re-allocate softcells or initial the
softcell negotiation process to increase/decrease nunber of
softcells. Upper layer can use it also.";

| eaf MonitoringStatuslD {
type uint 16;

}
| eaf SlotframelD {
type uint8;
description
"Slotfranel D, one in SlotfraneList, indicates the slotframe
bei ng noni tored";
ref erence
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"| EEE802154e";

}
| eaf Tar get NodeAddress {
type uint 64;
description
"Defined by 6top, but being constrained by TSCH
macNodeAddr ess size, 2-octets. If using TSCH as MAC,
hi gher 6-octets should be filled with 0, and | owest
2-octets is neighbor address. It indicates the conmunication
I ink being nornitored";

| eaf EnforcePolicy {
type enuneration {
enum DI SABLE;
enum BESTEFFORT;
enum STRI CT,;
enum OVERPROVI SI ON,
}
description
"Currently enforced QoS policy. D SABLE-no QoS;
BESTEFFORT- best effort policy is used; STRICT- Strict
Priority Queuei ng; OVERPROVI SION- cel |l overprovision";
}
| eaf AllocatedHard {
type uint 16;
config fal se;
description
"Nunber of hard cells allocated";

}
| eaf All ocatedSoft {
type uint 16;
config fal se;
description
"Nunber of soft cells allocated";

| eaf OverProvision {
type uint 16;
config fal se;
description
"Overprovisioned cells. 0 if EnforcePolicy is
Dl SABLE";

}
| eaf QoS {
type uint 16;
config fal se;
description
"Current QoS including overprovisioned cells, i.e. the
bandwi dt h obtai ned including the overprovisioned cells.";
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}

}

| eaf NQOS {
type uint 16;
config fal se;
description

"Real QoS without over provisioned cells, i.e. the actual
bandwi dt h wi t hout taking into account the overprovisioned
cells.”;

}

list StatisticsMetricsList {

key "StatisticsMetricslD';

description

"List of Statistics Metrics used in the node.";

Wang,

| eaf StatisticsMetricslD{

type uint 16;

| eaf SlotfranelD {

type uint 16;

description

"Slotframel D, one in SlotframeList, specifies the slotfrane to
which the statistics netrics applies to. If enpty, applies to
all slotfranmes";

reference

"| EEE802154e";

}
| eaf SlotOfset {

type uint 16;

description

"Specific slotOffset to which the statistics netrics applies
to. If enpty, applies to all tineslots";

reference

"| EEE802154e";

}
| eaf Channel O fset {

}

type uint8;

description

"Specific channel O fset to which the statistics netrics applies
to. If enpty, applies to all channel s";

ref erence

"| EEE802154e";

| eaf Tar get NodeAddress ({

type uint 64;
description
"Speci fic nei ghbor nodes to which the statistics netrics
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applies to. If enpty, applies to all neighbor nodes.";

}
| eaf Metrics {
type enuneration {
enum PDR;
enum ETX;
enum RSSI ;
enum LQ ;
}
description
"The netric to be nonitored.”
}
| eaf W ndow {
type uint 16;
description

"measurenent period, in Nunber of the slotfrane size"

| eaf Enable {
type enuneration {
enum DI SABLE;
enum ENABLE;
}
description
"indicates the StatisticsMetric is active or not";
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list EBList {
key "Ebl D';
description
"List of information related with the EBs used by the node";

| eaf EbID {
type uint8;

}
| eaf CelllID {
type uint 16;
description
"CellID, one in CellList, indicates the cell used to send
EB";

| eaf Peroid {
type uint 16;
description
"The EBs period, in seconds, indicates the interval between
two EB sendings";

| eaf Expiration {
type enuneration {
enum NEVERSTOP;
enum EXPI RATI ON;
}
description
"NEVERSTOP- the period of the EB never stops; EXPIRATI O\
when the Period arrives, the EB will stop.";

leaf Priority {
type uint8;
description
"The joining priority nodel that will be used for
advertisenents. Joining priority MAY be for exanple
SAME_AS_PARENT, RANDOM BEST_PARENT+1 or
DAGRANK( r ank) . ";
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cont ai ner Ti neSource {
description
"specify the timesource selection policy and sone relative
statistics."”;

| eaf policy {
type enuneration {
enum ALLPARENT;
enum BESTCONNECTED;
enum LOAESTJO NPRI ORI TY
}
description
"indicates the policy to choose tinmesource. ALLPARENT- choose
fromall parents; BESTCONNECTED- choose the best-connected
node; LOAESTJO NPRI ORI TY- choose the node with | owest priority
inits EB.";

}
| eaf Target NodeAddress {
type uint 64;
description
"Address of the time source nei ghbor";

| eaf M nTinmeCorrection {
type uint 16;
config fal se
description
"measured in mcrosecond”

| eaf MaxTi neCorrection {
type uint 16;
config fal se
description
"measured in mcrosecond”

}
| eaf AveTi neCorrection {

type uint 16;

config fal se

description

"measured and conputed in mcrosecond”
}

Wang, et al. Expi res January 5, 2015 [ Page 16]



Internet-Draft 6tisch-6top-interface July 2014

typedef asntype {
description
"The type to store ASN. String of 5 bytes”

type string {
|l ength "0..5";
}

}

i st NeighborlList {
key "Tar get NodeAddr ess”
description
"statistics per communication |ink.";

| eaf Tar get NodeAddress {
type uint 64;
description
"Address of the tinme source nei ghbor";

}
| eaf RSSI {
type uint8;
config fal se
description
"The received signal strength”

}

| eaf LinkQuality {
type uint8;
config fal se
description
"The LQ netric";

}
| eaf ASN {
type asntype
config fal se
description
"The 5 ASN bytes, indicates the nost recent tineslot when a
packet fromthe nei ghbor was received";

}

}

Iist QueueList {
key "Queuel d";

description
"Li st of Queues, including configuration and statistics.";

| eaf Queueld {
type uint8;
description
"Queue ldentifier";
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}
| eaf TxqgLength {

type uint8;
description
"The TX queue |l ength in nunber of packets";

}
| eaf RxqlLength {
type uint8;
description
"The RX queue | ength in nunber of packets";

| eaf Nunr Tx {
type uint8;
description
"Nunber of allowed retransm ssions.";
}
| eaf Age {
type uint 16;
description
"In seconds. Discard packet according to its age
on the queue. 0 if no discards are allowed.";

}
| eaf RTXbackoff {
type uint8;
description
"retransm ssi on backoff in nunber of slotfranes.
O if next available tineslot wants to be used.";

| eaf StatsW ndow {
type uint 16;
description
"I'n second, wi ndow of time used to conmpute stats.";

| eaf QueuePriority {
type uint8;
description
"The priority for this queue.";

}
list Tracklds {
key "Trackl D";
| eaf Trackl DY
type uint 16;
description
"The Trackl D, one in TrackList, indicates the Track is
associated with the Queue.";

}

}
| eaf M nLenTXQueue {
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type uint8;
config fal se;
description
"Statistics, |lowest TX queue length registered in the wi ndow. ";
}
| eaf MaxLenTXQueue {
type uint8;
config fal se;
description
"Statistics, largest TX queue |length registered in the
wi ndow. ";
}
| eaf AvglLenTXQueue {
type uint8;
config fal se;
description
"Statistics, avg TX queue length registered in the wi ndow. ";

}
| eaf M nLenRXQueue {
type uint8;
config fal se;
description
"Statistics, |lowest RX queue length registered in the wi ndow. ";

}
| eaf MaxLenRXQueue {
type uint8;
config fal se;
description
"Statistics, largest RX queue len registered in the w ndow. ";
}
| eaf AvgLenRXQueue {
type uint8;
config fal se;
description
"Statistics, avg RX queue length registered in the wi ndow. ";

| eaf M nRetransm ssions {
type uint8;
config fal se;
description
"Statistics, |owest nunber of retransm ssions registered in
t he wi ndow. ";

| eaf MaxRetransm ssions {
type uint8;
config fal se;
description
"Statistics, largest nunber of retransm ssions registered
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in the w ndow. ";

| eaf AvgRetransm ssions {
type uint8;
config fal se;
description
"Statistics, average nunber of retransni ssions registered
in the wi ndow. ";

}
| eaf M nPacket Age {
type uint 16;
config fal se;
description
"Statistics, in seconds, nmnimumtine a packet stayed in
the queue during the observed wi ndow. ";
}
| eaf MaxPacket Age {
type uint 16;
config fal se;
description
"Statistics, in seconds, maxinmumtine a packet stayed
in the queue during the observed w ndow. ";
}
| eaf AvgPacket Age {
type uint 16;
config fal se;
description
"Statistics, in seconds, average tine a packet stayed in
the queue during the observed w ndow. ";
}
| eaf M nBackoff ({
type uint8;
config fal se;
description
"Statistics, in nunber of slotfranes, m ni num Backof f
for a packet in the queue during the observed w ndow. ";
}
| eaf MaxBackoff {
type uint8;
config fal se;
description
"Statistics, in nunber of slotfranes, nmaxi num Backof f
for a packet in the queue during the observed w ndow. ";
}
| eaf AvgBackoff {
type uint8;
config fal se;
description
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"Statistics, in nunber of slotfranes, average Backoff
for a packet in the queue during the observed w ndow. ";
}
}

Iist Label SwitchList {
key "Label Switchl D';
description
"List of Label switch’ configuration on the node";

| eaf Label SwitchlD {
type uint 16;

}
list InputCelllds {
key "Cell I D';
| eaf Cel Il
type uint 16;
description
"The CellID, indicates the Rx cell on which the packet will

come in.";
}
}
list QutputCelllds {
key "Cel I I D';
| eaf CelllD{
type uint 16;
description
"The Cel I I D, indicates the Tx cell on which the received
packet should be sent out.";
}

| eaf LoadBal anci ngPolicy {
type enuneration {
enum ROUNDRCBI N,
enum OTHER;
}
description
"The | oad-bal anci ng policy. ROUNDROBI N- Round robin algorithm
is used for forwardi ng scheduling.";
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list TrackList {
key "Trackld";
description
"List of the tracks through the node.";

| eaf Trackld {
type uint 16;
description
"Track ldentifier, named locally. It is used to refer to the
tupl e (TrackOaner Addr, InstancelD).";

}
| eaf TrackOwner Addr {
type uint 64;
description
"The address of the node which initializes the process of
creating the track, i.e., the owner of the track;";

| eaf | nstancel D {
type uint 16;
description
"Instancel D is an instance identifier given by the owner of
the track. Instancel D cones from upper |ayer; |nstancelD could
for exanple be the local instance ID defined in RPL."
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Iist ChunkList {

et al.

key "Chunkl d";
description
"Li st of the chunks assigned to the node.";

| eaf Chunkl d{
type uint 16;
description
"The identifier of a chunk";

| eaf Sl otfranel d{
type uint8;
description
"Slotframel D, one in SlotframeList, indicates the
slotframe to which the chunk bel ongs”

| eaf Sl otBase {
type uint 16;
description
"the base slotOffset of the chunk in the slotfranme"”;

}
| eaf SlotStep {
type uint8;
description
"the slot increnental of the chunk";
}
| eaf Channel Base {
type uint8;
description
"t he base channel O fset of the chunk";

}
| eaf Channel Step {
type uint8;
description
"the channel increnental of the chunk”;

}
| eaf ChunkSize {
type uint8;
description
"the nunber of cells in the chunk. The chunk is the set
of (slotOffset(i), channel Ofset(i)),
i =0. . Chunksi ze-1,
slotOfset(i)= (slotBase + i * slotStep) % slotfranmelLen,
channel O fset (i) = (channel Base + i * channel Step) % 16";
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list ChunkCell List {
key "Sl ot O f set Channel O f set”;
description
"List of all of the cells assigned to the node via the
assi gnnent of chunks.";

| eaf SlotOffset(
type uint 16;
description
"The slotoffset of a cell which belongs to a Chunk";

}
| eaf Channel O f set {
type uint 16;
description
"The channel of fset of a cell which belongs to a chunk.”

}
| eaf Chunkld {

type uint 16;
description
"Identifier of the chunk the cell belongs to";

}

| eaf Cel Il
type uint 16;
description
"Initial value of Celll D is OxFFFF. When the cell is
schedul ed, the value of CelllIDis sanme as that in
Cel | List";

}
| eaf ChunkCel | Status {
type enuneration {
enum UNSCHEDULED;
enum SCHEDULED;

}
3.2. YANG nodel of the | EEE802.15.4 PIB

This section describes the YANG nodel of the part of PIB

([ | EEE802154] and [| EEEB02154e]) used by 6top, such as security
related attributes, TSCH related attributes. This part of data will
be accessed through the MLME-GET and MLME-SET prinitive [| EEE802154]
directly, instead of using 6top comannds.

TODO the security related attributes will be added after 6Ti SCH WG
has consensus on the security schenme of 6top

cont ai ner TSCHSpeci ficPIBAttributes {
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description

"TSCH specific MAC PIB attributes."”
reference

“"tabl e 52b in | EEE802. 15. 4e-2012. "

| eaf macM nBE {
type uint8;
description
"defined in Tabl e 52b of | EEE802. 15. 4e-2012,
The m ni num val ue of the backoff exponent (BE) in the
CSMA- CA al gorithmor the TSCH CA al gorithm default:
3- CSMA- CA, 1-TSCH CA";

}

| eaf macMaxBE {
type uint8;
description
"defined in Table 52b of | EEE802. 15. 4e-2012,
The meaxi mum val ue of the backoff exponent (BE) in the
CSMA- CA al gorithmor the TSCH CA al gorithm default:
5- CSMA- CA, 7- TSCH CA";

| eaf macDi sconnect Ti ne {
type uint 16;
description
"defined in Tabl e 52b of | EEE802. 15. 4e- 2012,
Time (in Tineslots) to send out Disassociate franes
bef ore di sconnecting, default: OxO00ff";

| eaf macJoinPriority {
type uint8;
description
"defined in Tabl e 52b of | EEE802. 15. 4e-2012,
The lowest join priority fromthe TSCH Synchroni zati on
| E in an Enhanced beacon, default: 1";

}
| eaf macASN {
type asntype;
description
"defined in Tabl e 52b of | EEE802. 15. 4e-2012,
The Absolute Slot Nunmber, i.e., the number of slots
that ha el apsed since the start of the network.";

}
| eaf macNoHLBuffers {

type enuneration {
enum TRUE;
enum FALSE;

}

description
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"defined in Tabl e 52b of | EEE802. 15. 4e-2012,

If the value is TRUE, the higher |ayer receiving the

franme payl oad cannot buffer it, and the device shoul d
acknow edge frames with a NACK; If FALSE, the higher

| ayer can accept the frane payl oad. default: FALSE';

I ist TSCHracTi nmesl ot Tenpl ate {

key "macTi nesl ot Tenpl at el d";

description

"List of all timeslot tenplates used in the node.";
ref erence

"tabl e 52e in | EEE802. 15. 4e-2012.";

| eaf macTi mesl ot Tenpl ateld {
type uint8;
description
"defined in Tabl e 52e of | EEE802. 15. 4e-2012.
Identifier of Timeslot Tenplate. default: 0";

}
| eaf macTsCCAO fset {
type uint 16;
description
"The time between the beginning of tineslot and start
of CCA operation, in mcrosecond. default: 1800";

}
| eaf macTsCCA {
type uint 16;
description
"Duration of CCA in mcrosecond. default: 128";

| eaf macTsTxOF fset {
type uint 16;
description
"The time between the beginning of the tinmeslot and
the start of frane transm ssion, in nicrosecond.
default: 2120";

}
| eaf macTsRxOF fset {

type uint 16;

description

"Beginning of the tineslot to when the receiver shall
be listening, in mcrosecond. default: 1120";

}
| eaf macTsRxAckDel ay {

type uint 16;
description
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"End of frame to when the transnmitter shall listen for
Acknow edgrent, in microsecond. default: 800";

}
| eaf macTsTxAckDel ay {
type uint 16;
description
"End of frame to start of Acknow edgment, in
m crosecond.
default: 1000";

| eaf macTsRxWait {
type uint 16;
description
"The time to wait for start of frame, in mcrosecond.
defaul t: 2200";
}
| eaf macTsAckWait
type uint 16;
description
"The mnimumtine to wait for start of an
Acknowl edgnent, in mcrosecond. default: 400";

| eaf maCcTsSRxTx {
type uint 16;
description
"Transmit to Receive turnaround, in mcrosecond.
defaul t: 192";

| eaf macTsMaxAck {
type uint 16;
description
"Transm ssion time to send Acknow edgment,in
m crosecond. default: 2400";
}
| eaf macTsMaxTx {
type uint 16;
description
"Transmi ssion time to send the maxi num |l ength frane,
in mcrosecond. default: 4256";

| eaf macTsTi nesl ot Length {
type uint 16;
description
"The total length of the tineslot including any unused
time after frame transm ssion and Acknow edgnent,
in mcrosecond. default: 10000";
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Iist TSCHHoppi ngSequence {

key "macHoppi ngSequencel D';

description

"List of all channel hopping sequences used in the
nodes";

reference

"Tabl e 52f of | EEE802. 15. 4e-2012"

| eaf macHoppi ngSequencel D {
type uint8;
description
"defined in Tabl e 52f of |EEE802. 15. 4e-2012
Each hoppi ng sequence has a unique ID. default: 0";

| eaf macChannel Page {
type uint8;
description
"Corresponds to the 5 MsBs (b27, ..., b3l) of a row
i n phyChannel sSupported. Note this nmay not correspond
to the current channel Page in use.";

| eaf macNunber Of Channel s {
type uint 16;
description
"Nurmber of channels supported by the PHY on this
channel Page. ";

}

| eaf macPhyConfi guration {
type uint32;
description
"For channel pages 0 to 6, the 27 LSBs(bO, b1, ...,
b26) indicate the status (1 = to be used, 0 = not to
be used) for each of the up to 27 valid channels
available to the PHY. For pages 7 and 8, the 27 LSBs
i ndi cate the configuration of the PHY, and the channe
list is contained in the extendedBitmp.";

}

| eaf macExt endedBit map {
type uint 64;
description
"For pages 7 and 8, a bitmap of nunmber O Channels bits,
where bk shall indicate the status of channel k for
each of the up to nunber O Channel s valid channel s
supported by that channel page and phyConfiguration
O herwise field is empty.™;

| eaf macHoppi ngSequencelLength {
type uint 16;
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description
"The nunber of channels in the Hopping Sequence.
Does not necessarily equal nunber O Channel s. "
}
| i st macHoppi ngSequencelLi st {
key "Hoppi ngChannel | D'
| eaf Hoppi ngChannel I D {
type uint 16;
description
"channel s to be hopped over";
}
}
| eaf macCurrent Hop {
type uint 16;
config fal se
description
"Index of the current position in the hopping sequence
list.";

}

Commands

6t op provides a set of commands as the interface with the higher

| ayer. Most of these conmands are related to the managenent of
slotframes, cells and scheduling information. 6top also provides an
interface allowi ng an upper layer to retrieve status information and
statistics. The command set ains to facilitate 6top inplenentation
by describing the nmain operations that higher |ayers nmay use to
interact with 6top. The listed commands ai mat providing semantics
to mani pul ate 6top M B, | EEE802.15.4 PIB and | EEE802. 15. 4e PI B
programmatically.

CREATE. hardcel | : Creates one or nore hard cells in the schedul e.
Fails if the cell already exists. A cell is uniquely identified
by the tuple (slotframe ID, slotOfset, channel Ofset). 6top
schedul es the cell and marks it as a hard cell, indicating that it
cannot reschedule this cell. The return value is CelllD and the
created cell is also filled in CelllList(Section 3.1).

CREATE. softcell: To create soft cell(s). 6top is responsible for

pi cking the exact slotCOffset and channel Offset in the schedul e,
and ensure that the target node chooses the sane cell and Trackl D

6top marks these cells as soft cell, indicating that it wll
continuously nonitor their performance and reschedul e if needed.
The return value is CellID, and the created cell is also filled in

Cel I List (Section 3.1).
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READ. cell: Gven a (slotframe ID, slotOfset, channel Ofset),
retrieves the cell information. A read command can be issued for
any cell, hard or soft. 6top gets cell information from Cell Li st
(Section 3.1).

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. CelllList (Section 3.1) will be nodified.

DELETE. hardcell: To renove a hard cell. This renpves the hard
cell fromthe node's schedule, fromCellList (Section 3.1).

DELETE. softcell: To renove a (nunmber of) soft cell(s). This
command | eads the pair of nodes figure out the specific cell(s) to
be renoved. After that, the cell(s) will be renmoved fromthe

Cel Il Lists (Section 3.1) on both sides.

REALLOCATE. softcell: To force a re-allocation of a soft cell. The
reallocated cell will be installed in a different slotOfset,
channel O fset but slotframe and Trackl D renmin the sane. Har d
cells MIUST NOT be reallocated. This command will result in the
nodi ficaition of CellLists (Section 3.1) on both sides.

CREATE. sl otframe: Creates a new slotfrane. Adds a entry to the
Sl ot franeLi st (Section 3.1).

READ. sl otframe: Returns the information of a slotfrane given its
slotframel D from Sl ot franeLi st (Section 3.1).

UPDATE. sl ot frame: Change the nunmber of timeslots in a slotframe
given its slotframelD in SlotfranmeList (Section 3.1).

DELETE. sl otfrane: Deletes a slotfrane, renove it from
Sl ot franeList (Section 3.1).

CONFI GURE. noni toring: Configures the |Ievel of QoS the Mnitoring
process MJST enforce, i.e. config MonitoringStatusLi st
(Section 3.1).

READ. nonitoring: Reads the current Monitoring status from
Moni tori ngSt at usLi st (Section 3.1).

CONFI GURE. st atistics: Configures the statistics process in
StatisticsMetricsList(Section 3.1). 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
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set as PDR, then, 6top will conduct the statistics of PDR on all
of channel s.
READ. statistics: Reads a nmetric for the specified dinension
Information is aggregated according to the paraneters from

Cel | List (Section 3.1).

RESET. statistics: Resets the gathered statistics in CelllList
(Section 3.1).

CONFI GURE. eb: Configures EBs, i.e. configures EBli st
(Section 3.1).

READ. eb: Reads the EBs configuration from EBLi st (Section 3.1).

CONFI GURE. t i mesource: Configures the Time Source Nei ghbor
sel ection process, i.e. configure TinmeSource (Section 3.1).

READ. ti mesource: Retrieves information about the tinme source
nei ghbors of that node from Ti neSource (Section 3.1).

CREATE. nei ghbor: Creates an entry for a nei ghbor in the nei ghbor
table, i.e. NeighborList (Section 3.1).

READ. al | . nei ghbor: Returns the list of neighbors of that node
according to Nei ghborlList (Section 3.1).

READ. nei ghbor: Returns the information of a specific neighbor of
that node specified by its nei ghbor address according to
Nei ghborLi st (Section 3.1).

UPDATE. nei ghbor: Updates the last status for a given
Tar get NodeAddress in the NeighborList (Section 3.1).

DELETE. nei ghbor: Del etes a nei ghbor given its address from
Nei ghborLi st (Section 3.1).

CREATE. queue: Creates and Configures a queue in Queueli st
(Section 3.1).

READ. queue: Reads the queue configuration for given Queueld from
QueuelLi st (Section 3.1).

READ. queue. stats: For a given Queueld, reads the queue statistics
informati on fromthe Queuelist (Section 3.1).

UPDATE. queue: For a given Queueld, update its configuration in the
QueuelLi st (Section 3.1).
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DELETE. queue: Del etes a Queue for a given Queueld fromthe
Queueli st (Section 3.1).

Label Swi t chi ng. map: Maps an input cell or a bundle of input cells
to an output cell or a bundle of output cells, i.e. adds a entry
to the Label SwitchList (Section 3.1).

Label Swi t chi ng. unmap: Unmap one input cell or a bundle of input
cells to an output cell or a bundle of output cells, i.e. nodifies
the Label SwitchList (Section 3.1).

CREATE. chunk: Creates a chunk which consists of one or nore
unschedul ed cells, i.e. add an entry to the ChunkLi st
(Section 3.1).

READ. chunk: Returns the information of a chunk given its Chunkl D
from ChunkList (Section 3.1).

DELETE. chunk: For given Chunkld, renoves a chunk fromthe
ChunkLi st (Section 3.1), which also causes all of the schedul ed
cells in the chunk to be deleted fromthe TSCH schedul e and
Cel I List (Section 3.1).

CREATE. hardcel | . fronthunk: Creates one or nore hard cells froma
chunk. 6top schedules the cell and marks it as a hard cell,

indicating that it cannot reschedule this cell. The cell wll be
added into the CellList (Section 3.1). In addition, 6top wll
change the attributes corresponding to the cell in the

ChunkCel I List (Section 3.1), i.e. its CellIDis changed to the
same CellIDin the CellList, and its Status is changed to
SCHEDULED

READ. chunkcel | : Returns the information of all cells in a chunk
given its Chunkl D from ChunkCel | Li st (Section 3.1).

DELETE. hardcel | . fronchunk: To renpve a hard cell which cones from
a chunk. This renoves the hard cell fromthe node's schedul e and

CellList (Section 3.1). |In addition, it changes the attributes
corresponding to the cell in the ChunkCellList (Section 3.1), i.e.
its CellIDis changed back to OxFFFF, and its Status is changed to
UNSCHEDUL ED.
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