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Abstract

Thi s docunent further analyzes the 6Ti SCH requirenments related to
Track through the use of exanples and use cases. The goal of this
docunent is to trigger discussions in 6Ti SCH worki ng group so that
all relevant considerations are take into account when design Track
reservation schenes in 6Ti SCH

Requi rement s Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

" SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMENDED', "MAY", and
"OPTI ONAL" in this docunent 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 docunents of the Internet Engineering
Task Force (I1ETF). Note that other groups may al so 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 docunents valid for a maxi mum 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 Septenber 7, 2015.

Copyright Notice

Copyright (c) 2015 I ETF Trust and the persons identified as the
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Au rs’ Addresses

1. | ntroducti on

| EEE802. 15. 4e [| EEE802154e] was published in 2012 as an anendnent to
t he Medi um Access Control (MAC) protocol defined by the

| EEE802. 15. 4- 2011 [| EEE802154] standard. | EEE802.15.4e will be
rolled into the next revision of | EEE802.15.4, scheduled to be
publ i shed in 2015. The Tineslotted Channel Hopping (TSCH) node of

| EEE802. 15.4e is the object of this docunent. The 6Ti SCH wor ki ng
group is chartered to enable | Pv6 over the TSCH node of the

| EEE802. 15. 4e st andard.

The requirements for 6Ti SCH are wel | docunent ed
[I-D.ietf-6tisch-tsch]. Initially, the Wawill limt its scope to
distributed routing over a static schedule. In this draft, we focus
and expand di scussions pertaining to Track. W propose requirenents
and use cases for different type of Track reservation schenes.
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2.

3.

Ternms used in this docunent
The draft uses term nol ogies defined in

[I-D.ietf-6tisch-term nology]. The follow ng are definition of
term nol ogies used in this draft.
Centralized Track reservation: The reservation of a track done by the
central controller of the network, e.g. PCE

Distributed Track reservation: A reservation of a track done by one
or nore in-network entities (typically a connection endpoint).
Track: A determ ned sequence of cells along a multi-hop path. It is
typically the result of a reservation. The node that initializes the
process for establishing a Track is the owner of the track. The
|atter assigns a unique identifier to the Track, called TracklD

Use Cases: |ndustrial Networks
An industry network is a good use case for a 6Ti SCH network. In an

i ndustry network as shown in Figure 1, many devices are LLN devi ces,
e.g. sensors and actuators. There are many types of applications in
an i ndustry network, such as industry process control and automation
applications, e.g. an automation assenbly line, and industry nonitor
applications, e.g. a safety nonitoring application.
1. Industry process control and automation applications

In an industry process control and autonation application as shown in
Figure 1, LLN Devices are actuator and sensors in an automation
assenble line. An LLN Device, for exanple LLN Device 1, MAY
periodically send signalling packets to another actuator, e.g. LLN
Device 2. For exanple, LLN Device 1 |ocate at the step 1 of the
automati on assenble |ine, whenever it finishes a task, it will send
singling packets to LLN Device 2 located at the step 2 of the
automation assenble line to trigger the next action in the automation
assenbly line. The delay of these packets are extrenely inportant
for the performance of the automation assenbly line. Also the
reliability of these signalling packets are extrenely inportant since
a packet loss may result products with defects. Reserving a Track
bet ween LLN device 1 and LLN device 2 can not only guarantee the
del ay of these signalling packets but also inprove the reliability of
t hese packet due to less interference. Mdreover, by reserving a
Track, battery powered LLN Devices are able to wake up and sl eep
based on its TSCH schedul e to save energy. In these cases, the
Tracks reserved are determnistic, unless the topology of the network
changes.
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3.2. Industrial nonitoring applications

In an industrial nonitoring application, sensors such as LLN 1 and 2,
nonitor the status of each machine or plant and send data to the
Control Controller as shown in Figure 1. An LLN Device, for exanple
LLN Device 1, MAY detect a critical event, and sends a signalling
enmergency nessage to the Central Controller in the network. After
that the LLN Device may send nonitoring data to the Centra
Controller. The singling packets that contains an energency nessage
SHOULD arrive at the Central Controller with m ni num del ay and

hi ghest reliability. Therefore, multiple Tacks nay be reserved

bet ween these sensors and the Central Controller. Mreover, a bursty
traffic that contains nonitoring data MAY follow the critica

nmessage. These data packets also require |ow |l atency and high
reliability, thus a high bandwi dth Track SHOULD be quickly set-up

bet ween these LLN Devices and the Central Controller. Therefore, the
Track reservation schene has to react faster in a nore dynam c way.

e e
| Ext er nal Network |
| +- - +
| REEEE | NME |
+----- + | +----- + | |
| | Central | | PCE | oo +
| | Controller +--| |
+----- + +----- +
| Subnet Backbone |
U S U +
| | |
+----- + +----- + +----- +
| | Backbone | | Backbone | | Backbone
o] | | router | | router | | router
. + . + . +
o] o] o] o] o]
o] o] o] o] 0O O o] 0O O o] o]
o] 0 0 LLN Device 1 0 0 LLN Device 2 o
o] o] o] o] 00 0O O o] o] o] o]

Figure 1. Use Case of an |Industry Network
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4. Handling Tracks in 6Ti SCH Networ ks
4.1. Ceneral Behavi or of Tracks

In this section, we discuss the behavior and the benefits of Tracks.
As discussed in [I-D.ietf-6tisch-architecture], Track is first a

mul ti-hop paths fromthe source LLN Device to the destination LLN
Devi ce. Second, sone resources of LLN Devices on the path are
reserved by configuring their TSCH schedule. Therefore, an LLN
Device on the Track not only knows what cells it should use to
recei ve packets fromits previous hop, but also knows what cells it
shoul d use to send packets to its next hop. There are several
benefits for using Track to forward a packet fromthe source LLN
Device to the destination LLN Device.

First, Track forwarding as described in Section 10.1 in
[I-D.ietf-6tisch-architecture] is a layer-2 forwardi ng schene, which
i ntroduces | ess process delay and overhead than | ayer-3 forwarding
schene. Therefore, LLN Devices can save nore energy and resource,
which is critical for resource constrai ned devices.

Second, since channel resources, i.e. cells, have been reserved for
comuni cati ons between LLN devices of each hop on the Track, the
packets traverse along the Track as a train passes each stations
along the rail track. Therefore, the throughput and delay of the
traffic on a Track is guaranteed and the jitter of the traffic is
small. These are extrenely inportant features for tinme-sensitive
appl i cations, which require packets arrives on tine.

Third, by knowi ng the scheduled tinme slots of incomng cell and
outgoing cell, LLN devices on a Track could save nore energy by
staying in sleep state during in-active slots. This is extrene
i mportant for LLN Devices that are battery powered.

Fourth, by allocating schedul ed channel frequency, both inter-Track
and intra-Track interference can be reduced. This will enhance the
reliability of transm ssions on a Track and reduce energy consunption
of LLN Devices by decreasing the nunber of retransm ssions.

4.2. Track Reservation

Cells along a Track have to be reserved before any packet

transm ssions. Howto efficiently allocate resources along a Track
beconmes a chall engi ng problem Cenerally, there are both renote
Track managenent and hop- by-hop Track nmanagenent described in
[I-D.ietf-6tisch-architecture] to solve the Track reservation issue.
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4.2.1. Renote Track Managenent

In the renote Track managenent schene in section 9.3 in
[I-D.ietf-6tisch-architecture], a central controller of the network,
e.g. Path Conputation Elenent (PCE) in Figure 1, can allocate hard
cells of LLN Devices on a Track renpotely. The network may be

gl obally optim zed by the central controller of the network.

4.2.2. Hop-by-hop Track Managenent

I n the hop-by-hop Track nmanagenent schene in section 9.4 in
[I-D.ietf-6tisch-architecture], LLN Devices can negotiate and reserve
Soft Cells in their TSCH Schedul e by conmuni cating with each other.
By configuring the TSCH Schedul e of LLN Devices on a route, a Track
can be reserved to enhance the nmulti-hop comruni cati ons between the
source and the destination. The hop-by-hop Track managenent schenes
may be nore scal abl e and robust than the renote Track nmanagenent
schene since it does not rely on the central controller of the

net wor K.

5. Requirenment for Track reservation schenes

The track reservation schenes are required to support both
deterministic traffics such as periodical transm ssions for industry
process control and automation applications and dynamc traffics such
as bursty transm ssions for industrial nonitoring applications.

5.1. Centralized Track reservati on

Need a protocol for LLN devices to report their topology and TSCH
schedul e information to the central controller as shown in Figure 1
The central controller need the topology information to obtain a path
fromthe source to the destination and the network can be better
optimzed if the central controller is aware of the TSCH schedul e of
all or part of LLN Devices in the network.

Need a |ightweight protocol for the central controller to configure
hard cells of LLN Devices using 6top interface defined in
[I-D.ietf-6tisch-6top-interface]. The central controller has to
configure hard cells of LLN Devices on the track renmotely and LLN
Devi ces are usually constrai ned devices which may not support
heavywei ght protocol such as RFC 5440 [ RFC5440]

5.2. Distributed Track reservation
Need a fast reaction protocol to reserve a Track. LLN Devices have

limted information about the topology of the network and the TSCH
schedul e of other LLN Devices on the path. The protocol should
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9.

9.

1

2.

qui ckly detect a Track reservation failure. Need an efficient
negoti ati on protocol between LLN Devices multi-hop away from each
other. LLN Devices on the path have to negotiate in order to reserve
a Track, which may bring extra overhead to constrai ned devices.

Concl usi ons

A Track can provide |ow | atency, guaranteed throughput and high
reliable for end-to-end communi cations. There are nany use cases
that can show the benefit of using a Track, such as industry

net wor ks, hone networks, structure networks, health networks and
vehi cul ar networks. Moreover, different Track reservati on schenes,
such as centralized and distributed schenmes, need to be proposed to
handl e a | arge variety of requirenents.

Security Consi derations
This draft discussed the design considerations and operations of
using Track in 6Ti SCH networks. |t does not introduce new security
t hreats.

| ANA Consi derations
This specification does not require | ANA action.
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