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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
establish j izati ' i i i v —C
technical fommittees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Part 2.

The main| task of the joint technical committee is to prepare International Standards.,Draft Internatiopal
Standardq adopted by the joint technical committee are circulated to national bodies fér yoting. Publication [as
an International Standard requires approval by at least 75 % of the national bodies easting a vote.

Attention s drawn to the possibility that some of the elements of this document'may be the subject of patg¢nt
rights. ISQ and IEC shall not be held responsible for identifying any or all such_patent rights.

ISO/IEC 29157 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technology,
Subcommiittee SC 6, Telecommunications and information exchange between systems.
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INTERNATIONAL STANDARD ISO/IEC 29157:2010(E)

Information technology — Telecommunications and information
exchange between systems — PHY/MAC specifications for

short-range wireless low-rate applications in the ISM band

1| Scope

THis International Standard specifies the PHY characteristics and MAC procedures used for short-r
data-rate, wireless communications with very low latency and point-to-multipoint connection\capabili

2| Normative references

THe following referenced documents are indispensable for the application¥of this document.

hnge, low-
y.
For dated

references, only the edition cited applies. For undated references, th€ latest edition of the neferenced

dgcument (including any amendments) applies.

Nane.

3| Terms and definitions

Fdr the purposes of this document, the following terms and definitions apply.
pico-net

all operational range for wireless transmissions within about 10 meters in radius from the user
ice

or his/her

tofal of devices interoperable within a pico-net, with their usage of the same group code separating them from
other devices in different groups

3.

master

dgvice transmitting.the reference synchronisation signal within a group

3.

slave

device thatis not a master

3.

scan

process performed by slaves to search for the synchronising signal from the master

3.6

middleframe

basic unit of frame operation, consisting of one control frame and one or more payload frames

NOTE Sixteen middleframes constitute a superframe.

© ISO/IEC 2010 — All rights reserved 1
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3.7
superframe
bigger frame consisting of sixteen middleframes

NOTE The superframe is the overall operational unit of pico-net MAC operations.
3.8
scan code

7-bit seed to generate one of the 127 gold codes which has a value between 1 and 127

3.9

open codle
code use( for broadcasting
3.10

closed cqde
code used exclusively for a specific communication group or purpose

3.1
group cogle

code to discriminate among communication groups
NOTE Either an open or a closed code may be applied.
3.12
security ¢ode

code applled to message data to enhance security or privacy of the\eommunication

NOTE Either an open or a closed code may be applied.

4 Abbreviated terms

BF beacon frame

DME device management entity

FBF fast beacon frame

FSK frequency shift keying

GFSK Gaussian frequency shift keying
ISM industrial, scientific, and medical
MAC medium access control

MACF MCF acknowledge control frame
MCF master control frame

MLME MAC sublayer management entity

MLME-SAP MAC sublayer management entity-service access point
MPDU MAC protocol data unit
MSDU MAC service data unit

PD-SAP PHY data service access point
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PDU protocol data unit

PF payload frame

PHY physical layer

PLME physical layer management entity

PLME-SAP physical layer management entity - service access point

PRDO physicattayer protocot dataamnit
P$DU physical layer service data unit
RACF RCF acknowledge control frame
RCF request control frame

R radio frequency

R$SI received signal strength indication
SAP service access point

ShpuU service data unit

5| Overview

ere may be many applications in the ISM band. Such applications that require a short-rang
munication channel can be listed as follows;ifCthe order of data rates; video, audio, voice, contr

d so on. A different platform for a different application may be an ineffective way in light of cog
rket, compatibility, etc. It would be beneficial to have a single platform which is capable of accon
l[these applications with the least overhead.

©302Qg -

THis International Standard is intended to provide a unified yet efficient and versatile platform for |

b wireless
Dl, sensor,
t, time-to-
hmodating

bw-power,

loy-data-rate, short-range wireless communication applications. It is possible to accommodate diverse

services of different nature in @ single platform.

Fgr mobile applications,low power consumption is one of the most important factors. To save p
rate should be traded-cff. This International Standard aims for the applications of 1 Mbps or less. T
implementation effart,it assumes the use of off-the-shelf RF components for the ISM band.

THe International Standard makes use of frequency hopping, time-division multiple acq
timme/frequency hybrid diversity. Frequency hopping is adopted to render immunity to the channel
and to provide independent simultaneous communication channels. Time-division multiple acces
one with' the control of interference of strong adjacent signals which otherwise should be avoided

wer, data
minimise

ess, and
variations
5 provides
using an

elaborate manipulation. The diversity technology is the means to maintain quality-of-service in the

ISM band

where channel fading is of serious concern.

Each device in the pico-net formed by this International Standard is either a master or a slave. In the pico-net,
there exists only one single master which transmits a beacon signal to which all the other devices (slaves) are
synchronised. The beacon signal contains the time synchronisation information and the frequency hopping
pattern table. The frequency hopping pattern table contains the 16 best frequencies which are selected by

sounding algorithms (see 7.4.5).
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At start-ug

table of pixteen orthogonal frequency hopping patterns (see 8.4.2). Each frequency hopping patts
corresponds to a channel. The master assigns a communication channel (or channels) using the MCF (Mas|
Control Frame) to be described below (see 7.4). Within each communication channel which is specified by
quency-hopping pattern, the devices communicate with each other using time-division multiple

unique frg
access wi

The pico-
communid
one comn
current or

The mastér (M) transmits a beacon signal and is communicating with only one slave (S). The other slaves 3

communid

Data are g¢ncased into the well-tailored standard units’of a frame, a middleframe, and a superframe (see 8.

Figure 2 g
beacon si
the length

A frame i
beacon fr|
acknowleq

(PF). All the frames exceptdhe payload frame (PF) are control frames. All the frames have an identical for

consisting
the kind
communidg

Figure 1 — A group communication example

, the master checks the frequency channels and selects the best 16 channels-out of 80 to forn

hout any other intervention of the master.

net may have up to sixteen independent simultaneous communication channels. Within eg
ation channel, point-to-multipoint communication (broadcasting) is possible not to mention one-
hunications. Moreover, each device may switch to another communication channel other than t
e if permitted by the master. Figure 1 shows an example of group communication in the pico-n

ating with another via other channels independently of the master.

hows the relationship between these units. These data formats are synchronised to the mas|
gnal. To accommodate different applications in a single framework, this International Standard fix

bme (FBF), (3) a request control frame (RCF), (4) a master control frame (MCF), (5) an R
ge control frame (RAECF), (6) an MCF acknowledge control frame (MACF), and (7) a payload fra

of Lock Time,.Rreamble, Header, Message, and EoF Delimiter (see 8.2). Header is used to iden
of the frame.” The message field is used to convey information and data necessary
ations (seey7.1-7.7).

B).
ter
es

of protocol frames to 16 ms which gives a permissible level of latency in most applications.
A middleffame consists of frames. Sixteen middleframes constitute a superframe.

categorised into one of the“seven kinds depending on its use: (1) a beacon frame (BF), (2) a fast

CF

e
at
ify
for
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Superframe Structure(256 msec)

Middleframe structure(16msec) Tt
\4
Control
Payload Frame(s)
Frame
0.88 | e
" msec’ | el 15.12 msec g
Frame Structure e
\4
A EoF
Lock Time | Preamble | Header Message .
Delimiter

Figure 2 — Data formats: a frame, a middleframe, and a superframe

middleframe consists of one control frame and one or more payload frames (PF's). The middlefr
h a control frame whose length is fixed to 0,88 ms. The lengthlof the middleframe is fixed to 1

lemgth of the payload frames varies depending on applications. )The maximum number of paylo

Wi

A
m

hin a middleframe is eighteen. Carrier frequencies hop in hartnony with the middleframes.

superframe consists of sixteen middleframes and is ,of 256 ms. Superframes have two modes
pde and a fast synchronisation mode (see 8.3:2).”A fast synchronisation mode is used

sypchronisation. In a fast synchronisation mode, a frame called 'fast beacon frame (FBF)' is used
'bgacon frame (BF)'. Two modes may be interchangeably adopted by the unit of a superframe.

Fdr security reasons, the preamble in the frame uses Gold codes for group identification. The meg
data are also encrypted with security codes-(see 9.3.2).

THe MAC/PHY services and primitives‘will be defined and described in Section 6.

THis International Standard usés‘the 2,4 GHz band and offers two classes of power transmission le
one is up to 100 mW and class two is up to 10 mW. As a modulation scheme, the International Stan
(§)FSK (see 9).

6

TH

Interlayer setvice specification

upper layer.

6.

hame starts
b ms. The
ad frames

a normal
for robust
instead of

sage field

els. Class
dard uses

is clause _defines the interface between the MAC and PHY layers, and between the MAC laygr and the

|1 Qverview

Both MAC and PHY layers conceptually have management entities, called the MLME (MAC Layer
Management Entity) and the PLME (PHY Layer Management Entity), respectively. These entities provide a
service interfaces for the layer management functions.

The PHY provides data and management services through two SAPs (Service Access Points). The PHY data
services are provided through the PD-SAP (PHY Data SAP), and PHY management services are provided
through the PLME-SAP. The DME-PLME_SAP is equivalent to MLME-PLME-SAP except that it operates
through DME rather than MLME.

The MAC provides data and management services through two SAPs (Service Access Points). The MAC data
services are provided through the MAC-SAP, and MAC management services are provided through the
MLME-SAP.

©l
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In order to provide correct MAC operation, each device must possess a DME (Device Management Entity).
The DME is a layer-independent entity and act under the direction of a higher-level management application.

Figure bel

ow depicts the relationships between the various management entities.

Adaptation- SAP

?.

————» Device Management Entity(DME)

Acral . 1
AUaplatiuit Laytel

A

MAC- SAP MLME- SAP

Media access
control sublayer < > MLME
(MAC)

PD- SAP

s

T
v

PHY layer PLME

DME- PLME
- SAP

Figure 3 — The protocol model-used in this International Standard

6.2 General format of management primitives

Each sub
Base (MIH

ayer's specific management information is organised into the relevant Management Informati
). Corresponding to the MIB.afithe PAN, the LAN/MAN contains the MIB that operates according

on
to

the Simpl¢ Network Management Protacol (SNMP). However, since management within network is restricted

to an indiy
define the

MLME an
are excha
attribute
layer.

A "GET"

idual network (i.e. one_network does not interfere in the management of another) the MIB is used
specifications of each'\sublayer.

i PLME are assumed to have a MIB for each sublayer, and the management primitives of the M
nged by means”of management SAPs. The manager can "GET" or "SET" the value of the M

br~'SET" primitive may be expressed in the form of a request accompanying a confirm primiti

to

IB
B

ia the primitives. The "SET" request primitive can also trigger certain actions within the relevant

e.

AP

Such pri

itives have the prefix Ml ME or Pl ME depending on whether the point of exchange is the MAC S

or the PHY SAP. DME utilizes the services provided by MLME through the MLME SAP.

In Table 1

, "XX" stands for "MLME" or "PLME", and the parameters of the primitives are defined in Table 2.

Table 1 — General management primitive overview

Name Request Confirm
XX-GET 6.2.1 6.2.2
XX-SET 6.2.3 6.2.4
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Table 2 — MLME/PLME general management primitive parameters

Name Type Valid range Description
MiIBattribute Octet string Any MIB attribute MIB attribute name
MIBvalue Variable MIB value
ResultCode Enumeration | SUCCESS, Result of MLME or

PLME request
INVALID MIB _ATTRIBUTE,

READ_ONLY_MIB_ATTRIBUTE,

WRITE_ONLY_MIB_ATTRIBUTE

.1 MLME-GET.request and PLME-GET.request

mitives are as follows.

-GET.request (
MiBattribute

)

e primitive parameters are defined in Table 2.
1.1 When generated

NE and MLME (in the case of a PLME-GET.request) create these primitives to retrieve informatio
\C or PHY MIB.

p.1.2  Effect of receipt

e relevant management entity fetches the requested MIB attribute from the database and returns
the result of XX-GET .confirm.

p.2 MLME-GET&onfirm and PLME-GET.confirm

is primitive_returns the result of an information request to the relevant MAC MIB or PHY
mantics of these primitives are as follows.

-GETConfirm (

is primitive requests information about the relevant MAC MIB or.PHY MIB. The semanticq of these

h from the

the value

MIB. The

Status,

MIBattribute,

MIBattributevalue

)

The primitive parameters are defined in Table 2.

6.2.2.1 When generated

DME or MLME (in the case of a PLME-GET.confirm) creates these primitives in response to an XX-
GET.request.

©l
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6.2.2.2

Effect of receipt

If the status is SUCCESS, these primitives return the value of the relevant MIB attribute, otherwise they return
the error code in the status field. Valid error status values include INVALID_MIB_ATTRIBUTE and
WRITE_ONLY_MIB_ATTRIBUTE.

6.2.3 MLME-SET.request and PLME-SET.request

These primitives attempt to set the value of the relevant MAC MIB or PHY MIB attribute to the specified
parameter. The semantics of these primitives is as follows.

XX-SET.r

pquest  (
MIBattribute,

MIBattributevalue

)

The primifive parameters are defined in Table 2.

6.2.3.1

When generated

These primitives are created when DME or MLME (in the case of PLME-SETCrequest) tries to set the relevant

MAC/PHY
6.2.3.2

The relev
reference
receives {

6.24 Ml

This primi
primitive g

XX-SET.c

MIB attribute.

Effect of receipt

hnt management entity tries to alter the value of the (MIB attribute in the database. If the MIB is
nis command responds by returning the result through a call to XX-SET.confirm.
IME-SET.confirm and MLME-SET.confirm

ive returns the result of the attempt to'set the MAC MIB or PHY MIB attribute. The semantics of t
re as follows.

bnfirm  (

Status,

MiBattribute

)

The primifive parameters are defined in Table 2.

6.2.4.1

When'generated

DME or |

a

to certain actions, this is interpreted as a request to.execute the action. The management entity that

NIs

ULME (in the case of PLME-SET.confirm) create this primitive in order to respond to the X

X-

SET.requ

6.2.4.2

SL

Effect of receipt

If the Status is SUCCESS, this means that the MIB attribute was set to the requested value. Otherwise, the
Status field shows the error description. If the specified MIB attribute refers to a certain action, the primitive
represents the success or failure of the execution of that action. Possible error status values include

INVALID_

MIB_ATTRIBUTE and READ_ONLY_MIB_ATTRIBUTE.
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6.3 MLME-SAP

In this subclause, the services that MLME provides to DME are defined. These definitions are conceptual and
do not specify a certain implementation or external interface.

The MLME SAP primitive generally follows the format of an ACTION.confirm in response to an
ACTION.request. The ACTION.indication is used to inform DME of events from other stations. DME uses the
services provided by MLME through MLME SAP, and those primitives are outlined in Table 3.

Table 3 — MLME primitive summary

Name Request Indication | Response | Confirn
MLME-GET 6.3.1 6,3.2
MLME-MASTER-START 6.3.3 6.3.4
MLME-RESET 6.3.5 6.3.6
MLME-SCAN 6.3.7 6.3.8
MLME-SET 6.3.9 6.3.10
Table 4 — MLME-SAP parameters
Name Type Valid range Description
MIBAttribute Enumeration Desired physical layer MIB
attribute
MIBStatus Enumeration SUCCESS, Result of request for M|B
INVALID_ATTRIBUTE, attribute information
INVALID_VALUE
MIBAttributeValue Various Attribute specific Desired physical layer MIB
attribute value
ResetResult Enumeration SUCCESS, FAILED Response to reset reqyest
Code
ScanNumber integer 0 ~ 65535 Scan duration is
ScanNumber * 256 ms
ScanStartFreq integer 0~3 Scan start frequency.
Scan frequency round as 0
>1->2->3>0
(O 1req O, T:1req 206,
2 :freq 52, 3 :freq 78)
ScanResult integer SUCCESS, FAILED, Return Scan result code
Code INVALID_VALUE
MasterStart integer SUCCESS, FAILED, Return Master-Start result
ResultCode INVALID_VALUE code
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6.3.1 MLME-GET.request

This primitive requests Information about a MAC sublayer MIB attribute.

6.3.1.1

The sema

Definition of service primitives

ntics of this primitive are:

MLME-GET.request (

MIBAttribute

Table 4 d¢fine the parameter of this primitive.

6.3.1.2

This occu

6.3.1.3

The recei

attribute flom the database and sends the results through a MLME-GET.cenfirm primitive.

6.3.2 Ml
This primi
6.3.2.1

The sema

MLME-GH

Table 4 d¢fine the parametérof this primitive.

6.3.2.2
MLME ge

6.3.2.3

)

When generated
s by DME to obtain information from the MAC sublayer MIB of MLME..
Effect of receipt

pt of the MLME-GET.request primitive by the MAC sublayer entity extracts the requested M

IME-GET.confirm

ive report result of the requested information from the MAC sublayer MIB.
Definition of service primitives

htics of this primitive are:

T.confirm  (
MIBstatus,
MIBAttribute,
MIBAttributeMalue

)

When generated

heratestthis as a response to a MLME-GET .request primitive and sends it to DME.

Effect of receipt

B

If the state parameter is SUCCESS the requested MAC sublayer MIB value is sent, otherwise an error is

indicated.

6.3.3 MLME-MASTER-START.request

This prim

10

itive requests the process of creating a new network.
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3.31 Definition of service primitives

The semantics of this primitive are:

M

LME-MASTER-START.request  (
MiIBstatus,
MIBAttribute,
MIBAttributeValue

\
]

T4ble 4 define the parameter of this primitive.

.3.3.2 When generated

TRis primitive is generated by the next higher layer and issued to its MLME to create a new network.

.3.3.3  Effect of receipt

THis primitive initiate the piconet described in 7.1. The MLME subsequently issues an MLME-
START.confirm that reflects the results of the creation procedure.

.3.4 MLME-MASTER-START.confirm

THis primitive reports the results of a piconet creation.

.3.4.1  Definition of service primitives

THe semantics of this primitive are:

M

| ME-MASTER-START.confirm  (
MasterStartResultCode

)

T4ble 4 define the parameter of'this primitive.

.3.4.2 When generated

THis primitive is generated by the MLME as a result of an MLME-MASTER-START.request.

M
st

6.

.3.4.3 Effectof receipt

LME reports the result of the creation process of network. A ResultCode of SUCCESS indicate

MASTER-

s that the

Ition is;now the master.

.5/ MLME-RESET.request

This primitive requests a reset of the MAC sublayer.

6.

3.5.1  Definition of service primitives

The semantics of this primitive are:

M

LME-RESET.request (
)

This primitive has no parameters.

©

ISO/IEC 2010 — All rights reserved

11


https://standardsiso.com/api/?name=6967b87bff8bcd19d95f21c42f3beae1

ISO/IEC 29157:2010(E)

6.3.5.2

When generated

This is generated whenever a MAC sublayer reset is requested.

6.3.5.3

Effect of receipt

The MAC sublayer resets all transceiver state machines to their initial states.

6.3.6 MLME-RESET.confirm

This primi
6.3.6.1
The semal

MLME-RE

Table 4 d¢fine the parameter of this primitive.

6.3.6.2
MLME ge¢
6.3.6.3

DME or A
6.3.7 Ml

This prim
channel.

All device
6.3.7.1
The sema

MLME-SC

fve Teports Tesult of Teset the MAC subtayer-
Definition of service primitives
htics of this primitive are:

SET.confirm (
ResetResultCode

)

When generated

bnerates this as the result of a MLME-RESET.request;
Effect of receipt

Haptation layer is notified of the result of the resét.
LME-SCAN.request

tive define how a device can determine the presence or absence of PANs in a communicatio

5 shall provide an interface for these scan primitives.
Definition of service primitives
htics of this primitive are:

AN.requesti(
ScanNumber,
ScanStartFreq

AY
7

Table 4 define the parameter of this primitive.

6.3.7.2

When generated

This primitive is generated by the next higher layer and issued to its MLME to initiate a channel scan to search
for master device activity within the POS of the device.

12
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6.3.7.3  Effect of receipt

When MLME receives this primitive from DME, it executes a manual SCAN of the channels in the Channel
List. When this SCAN is completed, MLME responds to DME with the result of the SCAN through a call to
MLME-SCAN.confirm.

6.3.8 MLME-SCAN.confirm

This primitive and its parameters are collected during the SCAN and sent back upon the completion of the
SCAN.

6.

TH

M

TH
re

O
th

p3

TH

TH

M

.3.8.2 When generated

.3.8.3  Effect of receipt

.3.9 MLME-SET.request

.3.9.1 Definition of service primitives

.8.1 Definition of service primitives
e semantics of this primitive are:

| ME-SCAN.confirm (

ScanResultCode

)

ble 4 define the parameter of this primitive.

is message is sent to DME when MLME completes the requested SCAN or when the parameters
uest are incorrect.

receipt of the MLME-SCAN.confirm primitive sThe DME is notified of the results of the scan pr¢
requested scan was successful, the status,‘parameter will be set to SUCCESS. Otherwise,
rameter indicates the error.

is primitive request to set the MAC sublayer MIB attribute to the specified value.

e semantics of this primitive are:

| ME-SET.requést (
MIBAttribute,
MIBAttributeValue

)

of MLME-

cedure. If
the status

Table 4 define the parameter of this primitive.

6.3.9.2 When generated

This occurs by DME to set the MAC sublayer MIB attribute to the specified value and sends it to MLME.

6.3.9.3 Effect of receipt

The receipt of the MLME-SET.request primitive by the MAC sublayer entity attempts to store the specified
MAC sublayer MIB attribute in the database and reports the result through a MLME-SET.confirm primitive.

©l
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6.3.10 MLME-SET.confirm

This primitive reports result of the attempt to set the MAC sublayer MIB attribute to the specified value.
6.3.10.1 Definition of service primitives

The semantics of this primitive are:

MLME-SET.confirm  (
MI|Bstatus
MIBAttribute

)

Table 4 d¢fine the parameter of this primitive.

6.3.10.2 |When generated
MLME semds this to Adaptation layer as the response to the MLME-SET.request primifive.
6.3.10.3 |Effect of receipt

If the statg value is SUCCESS it means the MIB attribute was set as requésted, otherwise an error is indicated
if the MIB jattribute was unable to be set for some reason.

6.4 MAC-SAP

The MAC[SAP is the logical interface between the MAC and‘the higher adaptation layer. This logical interface
incorporates a set of primitives and their definitions.-{Fhese primitives and definitions are described
conceptuglly here, but through this the process of ithe parameters exchanged between the MAC and
adaptation layer can be understood. Table 5 lists the-primitives supported by the MAC-SAP. These primitivies
are discugsed in the subclauses referenced in the table.

Table 5 —MAC-SAP primitive summary

Name Request Confirm Indication | Response

MAC-DATA 6.4.1 6.4.2 6.4.3

Table 6 — MAC-SAP parameters

Name Type Valid range Description
SoyrcelD integer Target DEVID of MLME request
DedtinationlD | integer DEVID initiating the MLME
request

Length Unsigned 0-65535 MSDU length

Short

Integer

variable :
data length Octet |~ Data portion of MSDU
ResultCode Enumeration SUCCESS, Result of MAC request

INVALID_MIB_ATTRIBUTE
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6.4.1 MAC-DATA.request

This primitive initiates the data transfer from one MAC entity to another MAC entity or entities.
6.4.1.1 Definition of service primitives

The semantics of this primitive are:

MAC-DATA.request  (

SourcelD

DestinationID,
Length,
Data

)
T4ble 6 define the parameter of this primitive.

6.4.1.2 When generated

THis occurs when the adaptation layer entity requests transmissioniof a MSDU(i.e. APDU) to|the MAC
sublayer entity.

6.4.1.3 Effect of receipt

When this primitive is received, the MAC formats the MSDW according to the input parameters and gends it to
th¢ PHY-SAP; then the MSDU passes through the wireless media and is sent to the peer MAC entity. When
the MAC sublayer entity has completed the sending, it will issue the MAC-DATA.confirm primitive with a status
of [SUCCESS.

6.4.2 MAC-DATA.confirm

THis primitive confirm that the Adaptatien’ layer entity has sent a MSDU (APDU) to another Adaptation layer
entity.

6.4.2.1 Definition of service primitives
THe semantics of this primitive are:

MAC-DATA.confirmi~(

SourcelD,
DestinationlID,
ResultCode

)

Table 6 define the parameter of this primitive.

6.4.2.2 When generated

The MAC sublayer entity sends this primitive to the Adaptation layer entity as a response to the MAC-
DATA request primitive when the requested MSDU is transmitted.

6.4.2.3 Effect of receipt

On receipt of the MAC-DATA.confirm primitive, the Adaption layer entity is notified of the result of its request
to transmit. If the transmission attempt was successful, the status parameter is set to SUCCESS.
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6.4.3 MAC-DATA.indication

This primitive indicates to the adaptation layer that a MSDU has been received.

6.4.3.1

The sema

Definition of service primitives

ntics of this primitive are:

MAC-DATA.indication (

SourcelD

Table 6 d¢fine the parameter of this primitive.

6.4.3.2

This occu

6.4.3.3

The receipt of the MAC-DATA.indication primitive, the adaptation Jayer is notified of the arrival of an APDU(il

MSDU) aq

DestinationID,
Length,
Data

)

When generated

s when MSDU received by the MAC has been successfully processed.

Effect of receipt

ross the MAC data service.

6.5 PLME-SAP

The PHY]
language
(DME-PLN
to the ML
the individ

layer management object service access: points (MLME-PLME-SAP) enable the operatio
between MLME and PLME. Additional ‘physical layer management object service access poi
IE-SAP) enable the operational language between DME and PLME, and this interface is equival
ME-PLME-SAP interface. Table 7 defines the primitives supported by PLME-SAP. Table 8 lays ¢

ual parameters.

Table 7 — PLME-SAP primitive summary

Name Request Confirm Indication | Response
PLME-GET 6.6.1 6.6.2
PLME-SET 6.6.3 6.6.4
PLME-RESET 6.6.5 6.6.6

i
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Table 8 — PLME-SAP parameters

Name Type Valid range Description

MIBAttribute Enumeration Desired physical layer MIB
attribute

MIBStatus Enumeration SUCCESS, Result of request for MIB

INVALID_ATTRIBUTE, attribute information

INVALID_VALUE

MIBAttributeValue Various Attribute specific Desired physical layer MIH
attribute value

ResetResult Code Enumeration SUCCESS, FAILED Response to reset request

6.5.1 PLME-GET.request

THis primitive requests Information about a PHY layer MIB attribute.
6.5.1.1 Definition of service primitives

THe semantics of this primitive are:

PUME-GET.request (
MIBAttribute

)

T4ble 8 define the parameter of this primitive.

6.5.1.2 When generated

This occurs by DME to obtain information from the PHY layer MIB of PLME..
6.5.1.3 Effect of receipt

THe receipt of the PLME-GET .request primitive by the PHY entity extracts the requested MIB attrjbute from
the database and sends-the results through a PLME-GET.confirm primitive.

6.5.2 PLME-GET.confirm
THis primitive\report result of the requested information from the PHY layer MIB.

6.5.2.1 Definition of service primitives

T £ £ 4l H H :
©ollliarnitvo vl imo prtimive arc.

PLME-GET.confirm  (
MIBstatus,
MIBAttribute,
MIBAttributeValue
)

Table 8 define the parameter of this primitive.
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6.5.2.2 When generated

PLME generates this as a response to a PLME-GET.request primitive and sends it to DME.

6.5.2.3 Effect of receipt

If the state parameter is SUCCESS the requested PHY layer MIB value is sent, otherwise an error is indicated.

6.5.3 PLME-SET.request

This primifive Tequestto setthe PH Y Tayer MiBattributeto thespecified vatue:
6.5.3.1 Definition of service primitives
The semahtics of this primitive are:

PLME-SEJT.request  (
MIBAttribute,
MIBAttributeValue

)

Table 8 d¢fine the parameter of this primitive.

6.5.3.2 |When generated

This occufs by DME to set the PHY layer MIB attribute to the specified value and sends it to PLME.
6.5.3.3 |Effect of receipt

The receipt of the PLME-SET.request primitive by the-PHY entity attempts to store the specified PHY layer
MIB attribyite in the database and reports the resultsthrough a PLME-SET .confirm primitive.

6.5.4 PLME-SET.confirm

This primifive reports result of the attempt.to' set the PHY layer MIB attribute to the specified value.
6.5.4.1 Definition of service primitives

The semahtics of this primitive-are:

PLME-SEJT.confirm  (

MiBstatus,
MIBAttribute
)

Table 8 define The parameter of this primitive.

6.5.4.2 When generated
PLME sends this to DME as the response to the PLME-SET.request primitive.
6.5.4.3 Effect of receipt

If the state value is SUCCESS it means the MIB attribute was set as requested, otherwise an error is indicated
if the MIB attribute was unable to be set for some reason.
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6.5.5 PLME-RESET.request

This primitive requests a reset of the PHY layer.

6.5.5.1  Definition of service primitives

The semantics of this primitive are:

PLME-RESET.request (

)

ISO/IEC 29157:2010(E)

TH

TH

TH

TH

TH

PL

PL

DN

6.

is primitive has no parameters.

.5.5.2 When generated

is is generated whenever a PHY layer reset is requested.

.5.5.3 Effect of receipt
e PHY layer resets all transceiver state machines to their initial states.

.5.6 PLME-RESET.confirm

is primitive reports result of reset the PHY layer.

.5.6.1  Definition of service primitives

e semantics of this primitive are:

ME-RESET.confirm (
ResetResultCode

)

ble 8 define the parameter of this primitive.

.5.6.2 When generated

ME generates this as the result of a PLME-RESET.request.

.5.6.3 Effect.of\receipt

E or MLME(is notified of the result of the reset.

b PD-SAP

PD.CSAD cilinnarta trancraical £ MPDLle babhvoon ooy MALC cublavar on

TH

©l

a 0 b
T OO T SUPPUOTrtS e trartSTT ioSTOTT O Vi DU S DCTW o CTT PCCI—IvirmTo— SOy T CTittiC ST

Table 9 — PD-SAP primitives

+able— lists the
primitives supported by the PD-SAP. These primitives are discussed in the subclauses referenced in the table.

Name Request Confirm

Indication

Response

PD-DATA 5.6.1 5.6.2

5.6.3

SO/IEC 2010 — All rights reserved
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Table 10 — PD-SAP parameters

Name Type Valid range Description
psduLength Unsigned < The number of octets contained in
aMaxPHYPacketSize the PSDU received by the PHY
Short entity.
Integer
The set of actets forming the PSDLI
pscl Setoroctets 1 - received by the PHY entity.
statlis Enumeration | SUCCESS (EoF) The result of the request to transmit,a
packet.
rssi Integer RSSI Value
6.6.1 PD-DATA.request
This primifive requests the transmission of a MPDU from the MAC sublayer ta_the local PHY entity.
6.6.1.1 |Definition of service primitives
The semahtics of this primitive are:
PD-DATA|request (
psdulLength,
psdu
)
Table 10 gefine the parameter of this primitive,
6.6.1.2 |When generated
This occufs when the MAC sublayer-éentity requests transmission of a MPDU to the PHY layer entity.
6.6.1.3 |Effect of receipt
The receipt of the PD-DATA.request primitive by the PHY entity will cause the transmission of the suppli
PSDU. When the PHY entity has completed the transmission, it will issue the PD-DATA.confirm primitive W
a status of SUCCESS.
6.6.2 PD-DATA.confirm

ed
ith

This primitive confirm that the MAC sublayer entity has sent a MPDU (PSDU) to another MAC sublayer entity.

6.6.2.1

The sema

PD-DATA

Definition of service primitives

ntics of this primitive are:
.confirm (
status

)

Table 10 define the parameter of this primitive.

20
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6.6.2.2 When generated

The PHY layer entity sends this primitive to the MAC sublayer entity as a response to the PD-DATA.request

pri

mitive when the requested PSDU is transmitted.

6.6.2.3  Effect of receipt

On receipt of the PD-DATA.confirm primitive, the MAC sublayer entity is notified of the result of its request to
transmit. If the transmission attempt was successful, the status parameter is set to SUCCESS.

BB-AT-A 1 ’
6.6.3 F U=UATA.ITIAICatlori

TH

6.6.3.1 Definition of service primitives

TH

P

6.

TH

6.6.3.3  Effect of receipt

TH

th¢ PHY data service.

7
TH

M
on
Cco
M

is primitive indicates the received PSDU from PHY layer to the MAC sublayer entity.

e semantics of this primitive are:

-DATA.indication (
psdulLength,
psdu

rssi

)

ble 10 define the parameter of this primitive.
5.3.2 When generated

is occurs when the PHY layer sends the received PSDU to the MAC sublayer entity.

e receipt of the PD-DATA.indication/primitive, the MAC sublayer is notified of the arrival of an MP

MAC PDU format
is clause specifies the/formats of the MAC PDU (MPDU).

\C frame consists of one control frame and one or more payload frames. Control frame is categ
e of the six kinds depending on its use: (1) beacon frame (BF), (2) fast beacon frame (FBP), (
ntrol frame)(RCF), (4) master control frame (MCF), (5) RCF acknowledge control frame (RACH
CF acknowledge control frame (MACF).

DU across

brised into
3) request
), and (6)

Figure 4 shows the relationship between MPDU and PPDU in a frame structure.

©l
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MPDU
(Packet)

EoF

Lock Time | Preamble | Header Message Delimiter

The form4d
7.7.

71 MP

BFs are u
sends infg

The MPD
711 Oy
This field

of GCOF
whether a
closed grg
security ¢
71.2 M/
This field

71.3 Ac

This field
used for d

Frame Structure

—al
A 4

PPDU

Figure 4 — MPDU in Frame structure

t of each control frame is described in 7.1 through 7.6. The format of payload frame is described

DU of beacon frame (BF)

sed to maintain synchronisation. There are two BFs during.a‘single normal superframe. The mas
rmation used for synchronisation, and the slaves acquire\the synchronisation from BFs.

) format of BF is shown in Figure 5.

en flag (OF, 2 bits)

provides information on whether an open‘code is applied to the current frame. This field compris
security code is applied. That GCOF is 1 means an open group code is applied. When it is 0
up code is applied. That SCOF is T means an open security code is applied. When it is 0, a clos
bde is applied.

A\C version (6 bits)

brovides information.about the MAC Version, and has a value between 0x00 to Ox3F.

dress mode{(ADDM, 2 bits)

brovideshinformation about whether a MAC address exists. The ADDM comprises of two bits: one

isplaying whether a source MAC address exists and the other bit used for displaying the destinati

n

ter

eS

which is used to indicate whether a(group code is applied and SCOF which is used to indicate

a
ed

MAC addrless.

7.1.4 PHY version (6 bits)

This field provides information about the PHY version, and has a value between 0x00 to 0x3F.

7.1.5 Frame type (8 bits)

This field i

22

s used for displaying the BF Type.
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7.1.6 Superframe mode control (SFMC, 2 bits)

This field is used for selecting a mode of the superframe. It comprises of the current superframe mode
(CSFM) and the next superframe mode (NSFM). That CSFM is 1 means the current superframe is a normal
superframe. When it is 0, the current superframe is a fast synchronisation superframe. That NSFM is 1 means
the next superframe is a normal superframe. When it is O, the current superframe is a fast synchronisation
superframe.

7.1.7 Upper layer frame size (ULFS, 6 bits)

Thisfietd-providesinformationronthe-sizeof thedata-from-theupper-tayer:
7.1.8 Source MAC address (64 bits)

THis field provides the MAC address of the master which is sending BFs.
7.1.9 Superframe counter (SFC, 4 bits)

THis field provides information on the superframe counter. The value circulates.frem 0 to 15.

16 bits
0 OF(2)/MAC Version(6) ADDM(2)/PHY Version(6)
1 Frame(Packet) Type ;@(’Z)IULFS(G)
HCRC16.
0 0
1 Source MAC Address (8 Bytes) 1
2 2
3 3
4 SFC(4)/FC(4).~ \ Reserved(8)
5 O" e sen 0
6 \ Hopping Sequence 1
7 0
8 1
9 2
10 BFT(Beacon Frequency Table, 16 Bytes) 3
11 4
12 5
13 6
14 7
15 0
16 1
17 2
18 3
" Upper Layer Data (16 Bytes) 4
20 5
21 6
22 7
MCRC16

Figure 5 — MPDU format of Beacon Frame
7.1.10 Middleframe counter (FC, 4 bits)

This field provides information on the middleframe counter. The value circulates from 0 to 15.
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7.1.11 Hopping sequence (32 bits)

This field provides the hopping sequence of the frequencies that were chosen for communication.

7.1.12 BF frequency table (BFFT, 16 bytes)

This field provides information on the sequence of the frequencies used for the partial band hopping. BFFT
contains a table of 16 frequencies being used for communication.

7.1.13 Upper layer data (16 bytes)

This field
7.2 MP
This field
superfram
using thes
The MPD
7.21 Oy
This field
of GCOF
whether a
closed grq
security ¢
7.22 M/
This field
7.23 Ac
This field
used to i
destinatio

7.24 PH

This field

s used for transmission of the data from the upper layer.
DU of fast beacon frame (FBF)

is used for initial fast synchronisation. There are 16 FBFs in a single fast)synchronisati
e. The master sends information for synchronisation in the FBFs, and the slaves |are synchronis|
e FBFs.
) format of FBF is shown in Figure 6.
en flag (OF, 2 bits)
provides information on whether an open code is applied to the)current frame. This field compris
security code is applied. That GCOF is 1 means an open group code is applied. When it is 0
up code is applied. That SCOF is 1 means an open security code is applied. When it is 0, a clos
bde is applied.
\C version (6 bits)
brovides information on the MAC versionpand has a value between 0x00 to 0x3F.
dress mode (ADDM, 2 bits)
brovides information on whether MAC addresses exist. The ADDM comprises of two bits: one bit
ndicate whether a source (MAC address exists and the other bit is used to indicate whether
h MAC address exists. Onejmeans an address exists.

Y version (6 bits)

pbrovides information on the PHY version, and has a value between 0x00 to 0x3F.

7.2.5 Frame type((8'bits)

This field

s used to indicate the type of the current frame.

on
ed

eS

which is used to indicate whether a group code is applied(and SCOF which is used to indicate

a
ed

S

7.2.6 Superframe mode control (SFMC, 2 bits)

This field is used for selecting the mode of the superframe. It comprises of the current superframe mode
(CSFM) and the next superframe mode (NSFM). That CSFM is 1 means the current superframe is a normal
superframe. When it is 0, the current superframe is a fast synchronisation superframe. That NSFM is 1 means
the next superframe is a normal superframe. When it is 0, the next superframe is a fast synchronisation
superframe.

7.2.7 Upper layer frame size (ULFS, 6 bits)

This field provides information on the size of the data from the upper layer.

24
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7.2.8 Source MAC address (64 bits)
This field provides the MAC address of the master which is sending BFs.
7.2.9 Superframe counter (SFC, 4 bits)

This field provides information on the superframe counter. The value circulates from 0 to 15.

16 bits
0 OF(2)/MAC Version(6) ADDM(2)/PHY Version(6)
1 Frame(Packet) Type SFMC(2)/ULFS(6)
HCRC16
0 0
1 Source MAC Address (8 Bytes) 1
2 2
3 3
4 SFC(4)/FC(4) \ Reserved(8) <  ~
5 S o
6 Hopplng Sequence \O)O 1
7 0
8 1
9 2
10 BFT(Beacon Frequency Tabl¢, 16 Bytes) 3
11 4
12 5
13 6
14 7
15 0
16 1
17 2
18 Upper Layer Data (16 Bytes) 3
19 4
20 5
21 6
22 7
= MCRC16
Figure 6 — MPDU format of Fast Beacon Frame (FBF)
7.2.10 Middleframe counter (SC, 4 bits)
THis fieldsprovides information on the middleframe counter. The value circulates from 0 to 15.
7.2.41 Hopping sequence (32 bits)

This field provides the hopping sequence of the frequencies that were chosen for communication.
7.2.12 BF frequency table (BFFT, 16 bytes)

This field provides information on the sequence of the frequencies used for the partial band hopping. BFFT
contains a table of 16 frequencies being used for communication.

7.2.13 Upper layer data (16 Bytes)

This field is used for transmission of the data from the upper layer.

© ISO/IEC 2010 — All rights reserved 25


https://standardsiso.com/api/?name=6967b87bff8bcd19d95f21c42f3beae1

ISO/IEC 29157:2010(E)

7.3 MPDU of request control frame (RCF)

RCFs are used to exchange control information between devices. In response to RCF, Acknowledge Control
Frame of RCF (RACF) is issued. The RCF is used for multiple simultaneous communications among devices
in a group. When two or more devices initiate communications at the same time, there may be collision. To
ensure reliability of the control information, the random back off must be devised to resolve collisions. All the
devices must be either in transmission mode or in reception mode.

The MPDU format of RCF is shown in Figure 7.

7.3.1 Opemnftag(OF, 2bits)
This field provides information on whether an open code is applied to the current frame. It comprises-6f \GCOF
which is ysed to indicate whether a group code is applied and SCOF which is used to indicate ‘whether a
security cpde is applied. That GCOF is 1 means an open group code is applied. When it is 0, a/closed group
code is apgplied. That SCOF is 1 means an open security code is applied. When it is 0, a closed‘security code
is applied
7.3.2 MAC version (6 bits)

This field provides information on the MAC Version, and has a value between 0x00)to 0x3F.

7.3.3 Address mode (ADDM, 2 bits)

This field provides information on whether MAC addresses exist. The"ADDM comprises of two bits: one bif is
used to indicate whether a source MAC address exists and the.other bit is used to indicate whethen a
destination MAC address exists.

7.3.4 PHY version (6 bits)

This field provides information on the PHY Version, and‘has a value between 0x00 to Ox3F.
7.3.5 Frame type (8 bits)

This field {s used to indicate the type of the current frame.

7.3.6 Upper layer frame size (ULFS; 6 bits)

This field provides information ornthe size of the data from the upper layer.

7.3.7 Sdurce MAC address (64 bits)

This field provides the-MAC address of the device which is sending RCFs.

7.3.8 Ddstination"MAC address (64 bits)

This field prevides the MAC address of the device which is to receive RCFs.

7.3.9 Upper layer data

This field is used for transmission of the data from the upper layer.
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_ 16 bits N
0 OF(2)/MAC Version(6) ADDM(2)/PHY Version(6)
1 Frame(Packet) Type Reserved(2)/ULFS(6)
HCRC16
0 0
1 Source MAC Address (8 Bytes, Optional) 1
2 2
3 3
4 0
3 Destination MAC Address (8 Bytes, Optional) T
6 2
7 3
8 0
9 1
10 2
11 3
12 4
13 5
14 6
15 Upper Layer Data (16 Bytes) 7
16 8
17 9
18 10
19 11
20 12
21 13
22 14
_MCRC16

Figure 7==~MPDU format of RCF

7.4 MPDU of master control frame((MCF)

M

inf
ca
co

TH

Th
wih
se
co

CFs are used by the master in a group to send control information to slaves. The master can se
ormation up to 8 devices by using a single MCF. Slave devices may respond to MCF using t
led MACF (MCF acknowledgement control frame). MACFs are issued by the responding

htrolled by MCFs in a manner to avoid collision. Each responding slave takes up a different MACH

e MPDU format of MEF’is shown in Figure 8.

.4.1 Open flag.(OF, 2 bits)

is field provides information on whether an open code is applied to the current frame. It compriseq
ich is wsed to indicate whether a group code is applied and SCOF which is used to indicate
curity\code is applied. That GCOF is 1 means an open group code is applied. When it is 0, a clo

nd control
he frames
slaves as
slot.

of GCOF
whether a
sed group

deis applied. That SCOF is 1 means an open security code is applied. When it is 0, a closed sed

urity code

is

ppied:

7.4.2 MAC version (6 bits)

This field provides information on the MAC version, and has a value between 0x00 to 0x3F.
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7.4.3 Ac
This field
used to i
destinatio

7.44 PH

This field

7.4.5 Frame type (8 bits)

This field

_ 16 bits N
0 OF(2)/MAC Version(6) ADDM(2)/PHY Version(6)
1 Frame(Packet) Type Reserved(2)/ULFS(6)
HCRC16
0 0
1 Source MAC Address (8 Bytes, Optional) 1
2 2
3 3
4 0
3 Destination MAC Address (8 Bytes, Optional) T
6 2
7 3
8 0
9 1
10 2
11 3
12 4
13 5
14 6
15 Upper Layer Data (16 Bytes) 7
16 8
17 9
18 10
19 11
20 12
21 13
22 14
MCRC16, =

Figure 8 — MPDU format of MCF
dress mode (ADDM, 2 bits)
brovides information on whether MAC addresses exist. The ADDM comprises of two bits: one bit
ndicate whether a source MAC address exists and the other bit is used to indicate whether
n MAC address exists.

Y version (6 bits)

pbrovides information‘on the PHY Version, and has a value between 0x00 to 0x3F.

s used<eindicate the type of the current frame.

7.46 Ug

per, layer frame size (ULFS, 6 bits)

This field provides information on the size of the data from the upper layer.

7.4.7 Source MAC address (64 bits)

This field provides the MAC address of the master which is sending MCFs.

7.4.8 Destination MAC address (64 bits)

This field provides the MAC address of the device which is to receive MCFs.

28
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7.4.9 Upper layer data

This field is used for transmission of the data from the upper layer.

7.5 MPDU of RCF acknowledge control frame (RACF)

A device receiving RCFs sends RACFs in response. The device that sent RCFs receives RACFs as an
acknowledgement. RACFs are control frames that can be sent to both the master and the slave devices. After
sending RCF, when a RACF response is not received as is necessary, RCF may be re-sent after backing off

in

random superframe units.

TH

7.

M
to

TH

Ps
de

TH
7.
TH
wh
se
co
is
7.
TH
7.
TH
us

de

7.

e MPDU format of RACF is identical to that of RCF except for the Frame Type field.
b MPDU of MCF acknowledge control frame (MACF)

\CFs are issued by the slaves that need to acknowledge the reception of MCFs. The\master chec
verify responses from the slaves with respect to MCFs.

e MPDU format of MACF is identical to that of MCF except for the Frame Typefield.

.f  MPDU of payload frame (PF)

yload frames are used to transmit data from upper layers. The number of payload frames
pending on the requirement of upper layers. The number may be from one to eighteen.

e MPDU format of PF is shown in Figure 9.
.1 Open flag (OF, 2 bits)

is field provides information on whether an openicode is applied to the current frame. It compriseg
ich is used to indicate whether a group code is applied and SCOF which is used to indicate
curity code is applied. That GCOF is 1 means an open group code is applied. When it is 0, a clo
de is applied. That SCOF is 1 means an-open security code is applied. When it is 0, a closed sed
applied.

.2 MAC version (6 bits)

is field provides information on the MAC version, and has a value between 0x00 to 0x3F.

.3 Address mode{ADDM, 2 bits)

is field provides.information on whether MAC addresses exist. The ADDM comprises of two bits
ed to indicate whether a source MAC address exists and the other bit is used to indicate

stinationMAC address exists.

(.4~ PHY version (6 bits)

ks MACFs

may vary

of GCOF
whether a
sed group
urity code

one bit is
Wwhether a

This field provides information on the PHY Version, and has a value between 0x00 to Ox3F.

7.7.5 Frame type (8 bits)

This field is used to indicate the type of the current frame.

©l
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7.7.6 Ug
This field
7.7.7 So
This field
7.7.8 De
This field

7.7.9 Ugp

B 16 bits R
0 OF(2)/MAC Version(6) ‘ ADDM(2)/PHY Version(6)
1 | Frame(Packet) Type \ ULFS(11)
HCRC16

0 0

1 Source MAC Address (8 Bytes, Optional) 1

2 2

3 3

4 0

3 Destination MAC Address (8 Bytes, Optional) T

6 2

7 3

8 0

9 1
10 2
11 3
12 4
13 5
14 6
15 Upper Layer Data 7
16 8
17

MCRC16, =

Figure 9 — MPDU format of PF
per layer frame size (ULFS, 6 bits)
brovides information on the size of‘the data from the upper layer.
urce MAC address (64 bits)
brovides the MAC address of the device which is sending PFs.
stination MAC address (64 bits)
provides the-MAC address of device which is to receive PFs.

per layer data

This field

s(used for transmission of the data from the upper layer.
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8 MAC functional description

This clause describes the functions of the MAC layer.

8.1 General description

In communications in a pico-net, it is required to keep the devices within the pico-net synchronised. For this

purpose, in a pico-net, one device must operate as a master, which sends synchronising signals periodically,
and the other devices operate as slaves in accordance with the synchronizing signals from the master.

Figure 10 shows a pico-net with only two terminals. One terminal must serve as a master while the jother as a
slave. The master regularly transmits synchronising signals to which the slave is_Isyathronised.
Communications between the two terminals are based on this synchronisation.

Figure 11 shows a pico-net with more than two devices. One device must serve as a master while fthe others
as| slaves. All the devices must be synchronised to the master's synchronising signals. Commjunications
between any two or more devices are practiced based on this synchronisation with no furthef master’s
intervention. The master transmits synchronising signals only to maintain the_synchronisation within the
ngtwork. Communications between slaves are practiced directly without~the master’s relpying the
communications.

ejeq
Juls

4
<

s L

®

Figure 10 — A pico-net with only two devices

Figure 11 — A pico-net with more than two terminals
8.2 System state diagram

The master/slave operations can be expressed as a finite state machine with 10-phase states. Any device is
in one of the ten states. The description of the ten states is summarised in Table 11.
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Table 11 — Description of states

State Description
Not initialised A state before initialisation.

e A state after initialisation is completed; the master and slaves
Initialised

are determined.

A state where the device is serving as the master of the normal
superframe.
A-state-where-the-deviceis-serving-as-the-masterof-the-fast
synchronisation superframe.

A state where the device is under synchronisation with the
master.

A state where the device is serving as a slave in the normal
superframe after synchronisation with the master.

A state where the device is serving as a slave in the fast

Normal master sync.

Fast master sync.

Scanning

Normal slave sync.

Fast slave sync. synchronisation superframe after synchronisation with the
master.
Passive sounding A state where the master conducts passive spunding.

Master static sounding | A state where the master conducts static sounding.

Slave static sounding | A state where the slave conducts static sounding

Figure 12| shows the state-transition diagram. The solid line.@nd the dotted line represent the paths of the
state charjges of the master and the slaves, respectively.

The netwqrk operation begins with initialisation. The initialisation starts when more than two devices within the
communidation range are first turned on.

When thelinitialisation starts, the master performs the initialisation process, regardless of whatever state it has
been in. After initialisation is completed, the ‘master stays in the ‘initialised’ state. The master in the ‘initialis¢d’
state can shift into the ‘passive soundinghor-<normal/fast master sync’ state.

Passive spunding is a state where (frequencies are selected by measuring the signal level at each frequency.
The mastér may choose to put itself.into the ‘passive sounding’ state if needed.

After shifting into the ‘normal/fast master sync’ state, the master sends synchronising signals. In these statés,
the mastef can communicate with the slaves synchronised with the synchronising signals. In the ‘master sync’
states, th{‘ master canshift into the ‘static sounding’ state where frequencies can be selected via spedial

communidation between the master and the slaves. In the ‘static sounding’ state, normal communicatigns
between the master“and the slaves cannot be practiced. The ‘static sounding’ state can be selected by the
user wherjever heeded.

After initi “cat;uu VV;th thc |||actc|, thU D:GVCD al'c fun.,cd ;IItU thU ‘;II;t;G:;OGdY ctatc. Thc O:GVUO alrc fUI\JCd ;Ilto
initialisation process once initialisation process is initiated, regardless of whatever state they have been in.
The slaves synchronise with the master in the ‘scanning’ state after initialisation. With the synchronisation
information from the master, the slaves synchronise with the master and shift into the ‘normal/fast slave sync’
state. When the synchronisation information is not obtained, the slaves are again put into the ‘initialized’ state.
After the slaves are synchronised with the master and put into the ‘normal/fast slave sync’ state, the slaves
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Figure 12 — State transition diagram

can communicate with the master. When a static sounding is requested from the master, the slave
the ‘static sounding’ state to.conduct static sounding.

8.3 Protocol structure

Figure 13 showsvthe hierarchical structure of the protocol. The protocol is structured bass
superframes.af+256 msec each, which again consists of 16 middleframes of 16msec each. A m
consists of\one control frame and one or more payload frames.

THe amiddleframe is the most basic unit structure. The state of each middleframe can be set indepg

5 shift into

d on the
ddleframe

ndently of

the others.

The number of payload frames is determined based on the communication type (data, voice, control, etc).
However, it is required to maintain the length of superframes equal for synchronised communication. The
synchronisation between devices is possible only if the lengths of all superframes are equal. The
synchronised communications minimize the frequency interference between devices of different services by

controlling the transmission and reception based on time slots.
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Figure 13 — The protocol structure
8.3.1 Middleframe structure

Figure 14|shows the structure of the middleframe. A middleframe consists of one control frame and one|or
more paylpad frames. The length of the control frame is fixed at 880 usec. The number and length of payload
frames within a middleframe can be set as needed. The Upper layers may have various data rates depending
on the number and length of the payload frames. When high data rate is needed, the number of paylogad
frames cgn be reduced to lower overhead. However, transmission delay due to buffering increases|in
proportion to the length of middleframe. The number of payload frames must be between 1 and 18. The tqgtal
length of all payload frames should be 15,12-msec.

Middleframe structure(16msec) o

<«

Control

= Payload Frame (s)
_ 0.88( |\
~ msec. " 15.12 msec

Figure 14 — Middleframe structure

8.3.2 Syperframe structure

The length of a single superframe is 256 msec; the superframe consists of 16 frames. Within a superframe are
16 control frames of 0,88 msec each. Overall, 14,08 msec is assigned to control frames and the rest 241,92
msec to payload frame(s). Each control frame has its own unique function as described in section 7. There are
two types of superframe: a normal superframe and a fast synchronisation superframe.

8.3.21 Normal superframe

Figure 15 shows the structure of a normal superframe. There are 16 control frames in a normal superframe:
two are beacon frames (BF), one is a request control frame (RCF) used when slaves send request information
to the master, one is a master control frame (MCF) used when the master sends control information to the
slaves, one is allocated for response to RCF, eight for response to MCF, and the remaining three are reserved.
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Figure 15 — Structure of a normal superframe
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Fast synchronisation superframe

jure 16 shows the structure of a fast synchronisation superframe. For a fast synchronisati
hchronisation superframe should be adopted. All control frames in the fast synchronisation supe
ed for synchronisation. These control frames used for synchronisation are called fastbeacon fram
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Figure 16 — Structure of a fast'synchronisation superframe

8.2.3  Alternation between superframes

r a normal operation, the normal superframe repeats itself. For a fast synchronisation, alternatio
normal superframe and a fast synchronisation superframe is practiced. Figure 17 illustrates the o

the fast synchronisation.

_ Superframe _
< >

_ Superframe |
1 < »

_ Superframe
3 < >

_ Superframe
14 <

15 i

_ Superframe | _ Superframe |
) > < ) >

Normal Fast Normal Fast Normal Fast

Superframe
Mode
Change

Normal Normal Normal Normal Normal Normal

h between
beration of

8.3.24

Figure 17 — Superframe mode alternation

Middleframe counter and superframe counter

Numbers are assigned to the middleframes and superframes to maintain the structure. The counters are in the
message field of each beacon frame or fast beacon frame. A number ‘0’ is assigned to the first middleframe in
a superframe. The number increases by one in the frames that follow. A number ‘15’ is assigned to the last
middleframe in the superframe. Likewise, a number is assigned to each superframe, which repeats itself with
a period of 16. The number starts with 0 and ends with 15. Figure 18, 19 shows the middleframe and

Su

©l

perframe counters, respectively.
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