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Abstract

This document defines a MAC and LLC protocol fdirainRed Communication (IRC) and Visible Li
Communication (VLC). This protocol is based on TDKAme division multiple access), and Multi-seq
transmission, each 67 ms superframe contains 108% TSlots (TSs) and each TS duration is 65us.
protocol defines half duplex transmission (one whrgth for transmission and reception) and fullpbix
transmission (two wavelengths: one wave lengthtfmnsmission and one for reception for a point tmnp
communication). This protocol handles meshed or &tpology, unicast, broadcast and multicast taféind
emergency traffic. This document doesn't define soyrity mechanism. The switching function isinahe
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scope of this document.
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Executive Summary

This document defines a MAC and LLC protocol fofréanRed Communication (IRC) and Visible Light
Communication (VLC). This protocol is based on TDMAIme division multiple access, 81.6), and Multi-
sector transmission with one or several transnife(Tx) and receiver(s) (Rx) and multiple (81.7The
OWMAC is an adaptation of the Distributed Mediumcass Control defined in [5] and the OWLLC is an
adaptation of the Wimedia Logical Link Control Rrebl defined in [6]. Modifications have been made do
medium and data rate requirements.

Each 67 ms superframe contains 1024 Time Slots)(@®beach TS duration is 65us. This protocol désfinalf
duplex transmission (one wave length for transmissand reception) and full duplex transmission (two
wavelengths: one wave length for transmission aredfor reception for a point to point communicatigri.8).

The OW-MAC protocol offers an adaptive data ratee (Time slots duration have been chosen for dats ra
varying from 128 to 1024 Mbit/s, § 8.4) to copehwihedium quality changes (§ 2.11). The Link adagmtais
based on feedback information which is includethinMAC header (§2.5.11).

A superframe (8 2.1.1) starts with a BP (Beaconodgrfollowed by a DP (Data Period). If there is data to
send or receive, a device can switch to power sawde for the rest of the super frame, which mebas &
device can remain in power save mode 98% of the tonone given superframe.

During the Beacon Period (BP) each device broadc&sacon frame to advertise the reserved tims alud to
reserve some time slots (or refuse a reservatan & neighbour).

An 8 s SIFS (Short InterFrame Space) is used betweamraeFand an Ack and a Guard Time of X6(2
SIFS) is used for the last TS (§ 2.4.2).

The PHY (PHYsical) layer (§ 1.2) starts with a pnide, which is a synchronisation sequence, follolwgd
PLCP (Physical Layer Convergence Procedure) Header.

This PLCP Header includes the PHY header (8§ 1h8,MAC header (§ 2.5.1) and the PLCP header code
correction field (Reed Solomon), followed by theaffie Payload and the FCS (Frame Check Sequence - §
2.5.13).

This protocol uses the same MAC frame format (§ fobevery frame type, with a fixed-length MAC Hia

and a variable-length MAC frame body. As mentioabdve, the Beacon frame (8§ 2.6) is mainly use@senve
Time slots (or refuse a reservation) and to adsettie time slots reserved by its neighbours. @ntevice has
reserved some Time Slots with a neighbour (with M#&mes), the device can discover (§ 3.4.1), en®Il
3.4.2) and connect (8§ 3.4.3) to this neighbour V@WLLC frames. Once connected to another neighbiber,
device can send data in the reserved Time Slots.

To gain in efficiency in terms of time processiagdevice can use a tunnel mode (§ 2.13), the Ehémames

are directly encapsulated in OWMAC Frame, thushwitis mode there is no need to remove the Ethernet
header when receiving an Ethernet frame, befordisgrthe corresponding OWMAC frame. Note that waldo
encapsulate any other layer two protocol in OWMA@Nfes, other Protocol ID value would then havedo b
defined.

Finally, this protocol handles meshed or star toggl The first section is a general descriptiothef OWMAC
layer (Optical wireless MAC) and OWLLC layer (Omtiavireless LLC). The second section describesMA€
layer: the MAC service functionality, the multipieg sublayer, the Service Access Points, the MA&nE
formats, the Beacon frames, the control framesBt#w#con period and the reservation protocol. Thid gection
describes the OWLLC layer: the OWLLC frame forntae attribute fields and the functions handled oy t
OWLLC protocol.
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RSSI
RTS
SAP
SDMA
SIFS
SNR
TDMA
TIM
TSPEC
uuID
VLAN
VLC

Received Signal Strength Indicator
Ready to Send

Service Access Point

Space Division Multiple Access
Short Inter-Frame Space
Signal to Noise Ratio

Time Division Multiple Access
Traffic Indication Map

Traffic Specification
Universally Unique Identifier
Virtual Local Area Network

Visible Light Communication
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1 General Description

1.1 General description of the architecture

This document defines a MAC and LLC service andtqual. As shown in Figure 1, the MAC sublayer
corresponds to the MAC sublayer of the standard @SDIEEE 802 reference model [3]. The MAC senige
provided by means of the MAC service access pM#t@ SAP) to the LLC sublayer.

The LLC corresponds to the logical link control kyer of the standard 1ISO/OSI IEEE 802 referencdeh{8]
and is called Optical Wireless Logical Link Contidotocol (OWLLC). The OWLLC service is provided by
means of the OWLLC service access point (OWLLC SR higher layer protocol.

The MAC sublayer in turn relies on the service jled by the PHY layer via the PHY service accesstpo
(PHY SAP). The MAC protocol applies between peer ®léntities and the OWLLC protocol applies between
peer OWLLC entities. The MAC layer uses volatildeadviated address called a DevAddr, whereas the OWL
layer uses EUI-48 [2] to connect two devices.

OWLLC-SDU
__________ ~ -
™~ -/
Link
Link MSDU_ _ _ _ _ _ __ O OWLLC-PDU ®
MAC SAP MAC SAP
. 0O MPDU ~
PHY SAP PHY SAP
IR VLC IR VLC
PPDU
ISO/OSI- 802

Figure 1: Architectural reference model
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The MAC layer uses volatile abbreviated 2 octetiress called a DevAddr. The destination DevAddngea
on a hop by hop basis. The OWLLC layer uses EUJ2480 connect two devices as, the destination OWLL
address is therefore not modified. When the OWLIgStihation address and the destination MAC addisss
the same, a device can send an abbreviated frathena/iOWLLC address as described in Figure 2.

%

Figure 2: Data exchange example
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1.2 Features assumed from the PHY

A MAC entity is associated with a single PHY entifg that entity’'s PHY SAP. The PHY SAP is not defil in
this document.

The MAC sublayer requires the following featuresyided by the PHY:
Frame transmission
Frame reception
PLCP header error indication (or correction) fotthBHY and MAC header structures
Clear channel assessment for estimation of medativity
The PHY preamble.

The PLCP header including MAC and PHY Headers angrotected by a 16 octets Reed Solomon
error correction code.

The Frame Payload is followed by its frame chedusace (FCS).

Figure 3 shows the structure of a PHY frame.

FCS

Figure 3: PHY Frame Structure

Frames are transmitted by the PHY from the souesticd and delivered to the destination device @migtal bit
order. The IRC Preamble or training sequence imeedfin OMEGA Document D4.2 [7] and should be ufed
Line Clock recovery. The preamble is defined in Dment D4.2 [7]. The IRC Preamble or training seqeen
should be 100 bytes and should be used for LinekQlecovery. No preamble is needed for VLC as OFBM
used. The error correction code field is a 16 aoctdRkeed Solomon error correction code.
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1.3 Data format convention

MAC frames are described as a sequence of fieldssipecific order Figure 4 depict fields in thearthey are
delivered to the PHY SAP, from top to bottom, whire least-significant bit is transmitted firsttime. In field
figures, bits within the field are numbered frone fleast-significant bit on the left to the mostrsiigant bit on
the right.

Unless otherwise noted, fields longer than a siogtet are delivered to the PHY SAP in order frdma bctet
containing the least-significant bits to the octehtaining the most-significant bits. And for eanttet the least-
significant bit is transmitted first in time.

Field 1

— Field 2 —

— Field 3 —

Figure 4: Example sequence of field

1.4 MAC Header protection

Why do we need to protect the MAC header with anrezorrection code, while the rest of the payléadot
protected? Simply because we want to protect tHendwledgement frames, to make sure that when mstat
receives a frame with no error, the correspondioknawledgement sent by the station, will be coiyect
decoded or corrected if necessary, avoiding retngsion as much as possible. That's why the PLGRldre
includes the MAC header.

1.5 TDMA (Time Division Multiple Access)

We use TDMA because this is the only way to avadision and retransmission. Each device can resarv
time slot, and advertise the reservation in a Bedicme, preventing other stations to use the nmdiuring the
reserved time slot. TDMA also prevents stationamfrasing admission control mechanisms and RTS/CTS
frames that consume bandwidth. Thus, all the tislets (apart from the Beacon period) can be usesktal
traffic.
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1.6 Multi-sector transmission

We use Multi-sector transmission to be able to siatd in a wider area (see Figure 5). The covered, avhere
equipment can send and receive data, is divideztiois (seven in the example below). As we use TDMA

devices cannot send data at the same time (extdpll iduplex mode if the two devices exchange Hdfdor

instance, 4 equipments can connect to each otheiif bvo equipments exchange data in one sectdrtha
other two equipments exchange data in another rseby won't send data at the same time, theylghase
different time slots. The sectors should overlapaltow seamless changes between sectors. Fontissisn, a
device shall send the Beacons in n sectors witiEDR4. It shall transmit the same Beacon in eaclosettthe
same time. For Data transmission, it's up to thelémentation, to transmit the frame in one selestxdor (the
sector with the best received signal) or in alltsex The choice of the method to select the bestos for
transmission and reception is beyond the scopli®tpecification.

Figure 5: Multi-sector transmission with 7 sectors

The limit of the sectors shown in the figure abdwé¢he limit where you receive enough signal toalbée to
receive a proper frame that means that the aoteédiswhere you transmit signal is larger.

1.7 Half duplex and full duplex transmission

This protocol defines half duplex transmission &ntlduplex transmission. In half duplex mode, #zame wave
length is used for transmission and reception, easfice must reserve its own time slots to be ablend data,
but they can't reserve the same time slots, you tzarefore receive and send data at the same timéull
duplex mode, two wavelengths are used, one wawgHhdor transmission and one for reception. Eachicge
must reserve its own time slots to be able to s#md, but they can reserve the same time slots,caou
therefore receive and send data at the same time. ote that you can reserve time slots that are afread
reserved, only if these time slots are used to siata to the device which has already reservect thiegslots.
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2 MAC Layer description

2.1 Overview of MAC service functionality

The MAC service defined in this specification pias:
Communication between cooperating devices withiticaprange on a single channel using the PHY;
A distributed, reservation-based channel accesfiamésm;
Multi-sector transmission
A synchronization facility for coordinated appliats;

The architecture of this MAC service is fully dibtited. All devices provide all required MAC furmtis and
optional functions as determined by the applicathdm device acts as a central coordinator.

Coordination of devices within optical range is iagled by the exchange of beacon frames. Periodicdre
transmission enables device discovery, supportsamin network organization, and provides support for
mobility. Beacons provide the basic timing for thetwork and carry reservation and scheduling intdrom for
accessing the medium.

2.1.1 The superframe

The basic timing structure for frame exchange &iperframe. The superframe duration is 67,10886% hmas
superframe is composed of 1024 Time Slots (TSsg¢revbach TS duration is 65,536 us.

Each superframe starts with a Beacon Period (BRizhwextends over one or more contiguous Beacdn&ha
duration of one Beacon slot is 2xTSs. The statheffirst TS in the BP, and the superframe, isechlhe beacon
period start time (BPST).

(1024 slots) +1

—» — -

Time slot

1 Time slot = 2'® ns = 65,536 ps
1 = 1024 slots = 67,108864 ms
=‘ 1 =2xTSs

A

Figure 6: MAC SuperFrame Structure

2.1.2 Beacon period protection

Each device protects its and its neighbours’ BPg*elusive use of the beacon protocol. No transimis other
than beacons are attempted during the BP of anig@leRrotection of the device’s BP is implicit.
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2.1.3 Medium access
The medium is accessed in one of two ways:
During the BP, devices send only beacon frames.

During reservations, devices participating in thservation send frames in half duplex or full duple
mode.

2.1.4 Data communication between devices

Data is passed between the MAC entity and its tliielMSDUs. MSDUs are transported between devioes i
data frames. To reduce the frame error rate of l@imel link, data frames can be fragmented andsezabled.
Fragments are numbered with an MSDU sequence nuanigea fragment number.

If the source device wishes to verify the delivefya frame, then one of the acknowledgement pdaliseused.
This specification provides for three types of amkledgements to enable different applications. WoeACK
policy, is appropriate for frames that do not regquguaranteed delivery, or are delay sensitive and
retransmitted frame would arrive too late. The A@#licy, provides an acknowledgement process in wkech
frame is individually acknowledged following theception of the frame. The BLOCK-ACK policy, letseth
source send multiple frames without intervening At&mes. Instead, the acknowledgements of the iithatay
frames are grouped into a single response frantastisgnt when requested by the source device BLI@CK-
ACK process decreases the overhead of the ACK psostile allowing the source device to verify thedivery
of frames to the destination.

If the source device does not receive the requestkdowledgement, then it may retransmit the fraonét, may
discard the frame. The decision to retransmit ecatid the frame depends on the type of data or emwirthat
is being sent, the number of times that the sodesdéce has attempted to send the frame, the lesfgtime it
has attempted to send the frame, and other impleti@mdependent factors.
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2.1.5 MAC frame data rates

MAC beacon frames are intended to be received atedpireted by all devices and hence their framéopalg
are transmitted at the lowest available data rhie Ipwest data rate should be defined in Docurfeh? [7],
depending on the required and available range)clwlkian be decoded by all recipients. Other frames a
exchanged in a more restricted context and thaimér payloads may be transmitted at higher dats iate
possible (the available data rates should be d&fimeOMEGA internal Document D4.2 [7], depending tbe
required and available range). The choice of tha d#te could be based on the received BER, R&8kep loss
or other information regarding the channel conditibhis information should be included in the MA@adler in
the Feedback information field. Frame headers hwayas transmitted at the lowest data rate suppdriethe
PHY.

2.1.6 Information discovery

The protocols and facilities of this specificatiare supported by the exchange of information betveevices.
Information can be broadcast in beacon frames quested in Probe commands. For each type of infiilsma
an Information Element (IE) is defined. IEs canibeluded by a device in its beacon at any time avay
optionally be requested or provided using the Piegiyemand.

A device uses the MAC Capabilities IE and PHY Célgias IE to announce information about its suppafr
variable or optional facilities. Declaration of edgilities is especially useful when a device detetianges in its
immediate neighbourhood.

2.2 Multiplexing sublayer

In order to enable the coexistence of concurreatltive higher layer protocols within a single devia
multiplexing sublayer is defined. This sublayer temu outgoing and incoming MSDUs to and from their
corresponding higher layers.

2.2.1 Multiplexing service

The MULTIPLEXING sublayer is expressed in termstioé MULTIPLEXING SAP, the MULTIPLEXING
service, and the MULTIPLEXING client. Each MULTIPXIENG client is associated with a unique protocol.
Service data units presented at the MULTIPLEXINGPSAy the MULTIPLEXING client are therefore
associated with that protocol.

The protocol is encoded in a MULTIPLEXING headeedber:
A protocol identifier and an OUI; or
An IEEE Ethernet type value [1].

The MULTIPLEXING service adds a MULTIPLEXING head&r the MULTIPLEXING service data unit to
construct a MULTIPLEXING protocol data unit. The MOIPLEXING sublayer makes use of the service
provided by the MAC sublayer for the transfer sfprotocol data units.

On receipt of a MULTIPLEXING protocol data unit frothe MAC sublayer, the MULTIPLEXING service
removes the MULTIPLEXING header and delivers thansported service data unit to the appropriate
MULTIPLEXING client based on the identified protdco
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2.2.2 Multiplexing protocol data unit format

A MULTIPLEXING protocol data unit consists of a MOLPLEXING Header and a MULTIPLEXING Payload
and is illustrated in Figure 7.

| |
| |
| |
| |
| 0 #01 |
| 5 %0 |
| 36 4 |
| |
| |
| |
| |
| |
| |

Figure 7: MULTIPLEXING protocol data unit format

The MULTIPLEXING Payload field contains the MULTIBIXING service data unit that is a payload data unit
of the protocol identified in the MULTIPLEXING Head

The first two octets of the MULTIPLEXING Header aaecoded as unsigned binary values, and are detivter
the MAC sublayer in order from the octet containthg most-significant bits to the octet containthg least-
significant bits. The octet order for this fieldtie reverse of that for most fields in this speatifon.

There are three versions of the MULTIPLEXING Headhuich are distinguished based on the value ofithe
two octets of the header.

2.2.2.1MULTIPLEXING Header—OUI version

The first version has a length of five octets anilliistrated in Figure 8.

Ooul

(0x —0x00FF)
Figure 8: Format of first version of MULTIPLEXING H eader

The OUI is a sequence of 3 octets.

The Protocol ID field is restricted to values fr@ahthrough 255 and is set to a value that identdiggotocol
defined by the owner of the OUI specified in thel@ield.
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2.2.2.2MULTIPLEXING Header—reserved version
The second version of the MULTIPLEXING Header hasrayth of 2 octets and is illustrated in Figure 9.

(Ox —0x05FF)
Figure 9: Format of second version of MULTIPLEXING Header

The Protocol ID field is restricted to values fr&@B6 through 1535. These values identify the prdtolcat
defines the MULTIPLEXING Payload format.

2.2.2.3MULTIPLEXING Header—Ethernet type version
The third version of the MULTIPLEXING Header hatkeagth of two octets and is illustrated in Figufe 1

Figure 10: Format of third version of MULTIPLEXING Header

The Ethernet Type field is restricted to valuesfrd536 through 65535 and is set to the value cEthernet
type [1] identifying a protocol.

2.3 Service access points

Service access points (SAPs) are provided for Hath transfer as well as management of the MACagebl
Data transfer for the MAC sublayer is through thAGISAP.

Both the MAC sublayer and the PHY layer concepyuimtiude management entities, called the MAC sydia
management entity (MLME) and physical layer manageinentity (PLME). These entities provide the layer
management service interfaces for the layer managefanctions. In order to provide correct MAC ol
operation, a device management entity (DME) shdddpresent within each device. The DME is a layer-
independent entity that may be viewed as residing separate management plane or as residing d'dtiet
side.” The functionality of the DME may be viewesl laeing responsible for such functions as the gaipef
layer-dependent status from the various layer memagt entities, and similarly setting the valuelayfer-
specific parameters. The DME typically performstsfignctions on behalf of the general system managém
entities and implements standard management pistogigure 11 depicts the relationship among the
management entities.
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Figure 11: The SAP reference model

2.4 MAC sublayer functional description

Channel time is divided into superframes, with esugperframe composed of two major parts, the bepednd
(BP) and the data period.

During the data period devices send and receiva daing reservations established using the resenvat
protocol (RP).The RP enables a device to gain sdbddaccess to the medium within a negotiated vasien.

In full duplex mode, a device can reserve timessibait are already reserved, only if these timts sloe used to
send data to the device which has already resehese timeslots.

2.4.1 Frame reception

Unless otherwise indicated, a frame is consideoelet received by the device if it has a valid headeeck
sequence (HCS) and frame check sequence (FCS)ndithtes a protocol version that is supported key th
device. The HCS is validated by the PHY, which ¢adiés whether or not a header error occurred.

A frame header is considered to be received byléwice if it has a valid HCS and indicates a protaersion
supported by the device, regardless of the FC 8 atidin.

2.4.2 Frame transaction

A frame transaction consists of a single frame, #iedassociated acknowledgement frame if requédsiettie
ACK policy.
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Figure 12: Frame transaction

2.4.3 Frame transfer

A source device shall transmit MSDUs associatedh lite same Delivery ID and addressed to the same
destination EUI-48 in the order in which they aedvat the local MAC SAP. The device shall transmit
fragments of an MSDU or MCDU in order of increasfragment number.

The MAC entity shall translate the EUI-48 providegdthe OWLLC layer along with an MSDU to the DevAdd
of the target for use in the transmission of theDN¥Sover the medium. A source device may reorder MSD
for transmission if their associated Delivery IDsdestination EUI-48s are different. A recipiemtvite shall
release MSDUs to the OWLLC layer that was transuitlty the same source device with the same Delizery
in order of increasing sequence number values.

2.4.4 Frame retry

A frame retry is a retransmission of a previousgnsmitted frame from the same source device tcsdmee
recipient device. In a frame that is retransmitted,source device shall set the Retry bit to one.

The device will retry transmission of a MPDU urkie retry limit is reached. The retry limit is 6.

After transmitting an MPDU that requires an ACK rfra as a response, the device shall wait for an
ACKTimeout interval=2x8us, If the device hasn'teiwed an ACK during the ACKTimeout interval, the

Device concludes that the transmission of the MRia¥l failed, and this device shall retransmit theDMPThe
recognition of a valid ACK frame sent by the reeipi of the MPDU requiring acknowledgment shall be
interpreted as successful acknowledgment, permittie frame sequence to continue, or to end withetues,

as appropriate for the particular frame sequencpragress. The recognition of anything else, iniclgdany
other valid frame, shall be interpreted as failofréghe MPDU transmission.

2.4.5 Inter-frame space (IFS)
Only one type of IFS is used in this specificatithe short inter-frame space (SIFS)

A device shall not start transmission of a framel@medium with non-zero length payload earliemtl$IFS,
after the end of a frame it transmitted previowusiythe medium. A device shall not start transmissiba frame
on the medium earlier than SIFS duration afterethe of a previously received frame on the medium.

2.4.6 Synchronization of devices
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Each device shall maintain a beacon period stame tiBPST). The device shall derive all times for
communication with its neighbours based on theernirBPST. The device shall adjust its BPST in ottder
maintain superframe synchronization with its slawesghbour. Hence all devices synchronise withslbevest
neighbour. A device shall synchronize with suatesice before it sends its first beacon.

When a device receives a beacon from a neighblerdévice determines the difference between theonéa
actual reception time and the expected receptiog.tiThe beacon’s actual reception time is an estimaithe
time that the start of the beacon preamble arratettie receiving device’s antenna. The expectegptemn time
is determined from the Beacon Slot Number fieldhef received beacon and the receiving device's BHS3he
difference is positive, then the neighbour is slowa order to maintain superframe synchronizatwith a
slower neighbour, the device shall delay its BP$The difference, but shall limit the adjustmenatmaximum
of 4 us per superframe. This might require adjustnoé its BPST in multiple superframes, based anlétest
BPST observed via any beacon received from a neighib the last 4 superframes.

A device must consider its own sampling and roufideoror in calculating the BPST difference, andalsh
ensure that the BPST it indicates via its beacensot later than the known or estimated BPST o$lisvest
neighbour in the previous superframe. The adjustiteeBPST may occur at any time following the détecof

a slower device, but shall be done before the étldecsuperframe.

A device shall not use a beacon with the Signaliiaj bit set, for synchronization.

If a device does not receive a beacon from a neighlihe device may use historical measuremengstimate
the impact on superframe synchronization and inergrits BPST accordingly. This estimate may be iagdbr
up to 3 consecutive superframes.

Beacon transmit time and measured beacon receneedihall be accurate to at least 1 ps.

2.4.7 Clock accuracy

A device shall maintain a clock at least as aceusat 1 ps. All time measurements, such as TS boyiaaal
frame reception time measurements, shall be medsuitie a minimum resolution of 1 us.

2.4.8 Guard times

Due to inaccuracies in superframe synchronizatiuh drift between synchronization events, TS stares for
different devices are not synchronized perfectly.ensure a full SIFS interval between transmissiorasljacent
TSs, the devices shall maintain two SIFS intergajjaard interval at the end of a reservation block.

+1 +2

A
\i
A
\
A
\j

SIFS|ACK|SIFS| SIFS|ACKISIFS SIFS|ACK|SIFS|SIFS

Figure 13: Guard Time description

2.5 MAC Frame Formats

2.5.1 General MAC frame format
A MAC frame consists of a fixed-length MAC Headadaan optional variable-length MAC Frame Body.
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Figure 14: General MAC Frame format

The Frame Payload length ranges from zerdMaxFramePayloadSize= 4095 octetdf the Frame Payload
length is zero, the FCS field is not included, dhere is no MAC Frame Body. The Frame Payload lengt
includes the length of the security fields for awse frame.

The user priority bits in the delivery ID field (in the MAC header), won't be used until a CSMA/CA
solution is specified.

2.5.2 Protocol Version

For this revision of the specification, the Protio¢ersion is set to zero. All other values are resd.

2.5.3 Secure

The Secure bit is set to one in a secure framechwisi protected using a temporal key (to be dejingétie
Secure bit is set to zero otherwise. For the pyptmtthe frames should be sent with the Securie bét to zero.

2.5.4 ACK Policy

The ACK Policy field is set to the type of acknoddement requested by the transmitter. The allovedaes for
the ACK Policy field are defined in Table 1 - ACKIRYy field encoding.

D4.3 — Optical Wireless MAC Specification Page 24 (87)



ICT-213311, OMEGA 4 January 2010

Table 1 - ACK Policy field encoding

Value ACK policy type Description
0 No-ACK The recipient(s) do not acknowledge the transmissio
(undefined) and the sender treats the transmission as sucktessfu
without regard for the actual result.
1 ACK The addressed recipient returns an ACK &atfter
correct reception.
2 BLOCK-ACK The addressed recipient keeps track of the frames
(undefined) received with this policy until requested to respavith
a BLOCK-ACK frame.
3 BLOCK-ACK Request The addressed recipient returns a BLOCK-ACK frame|
(undefined) after reception

2.5.5 Frame Type

The Frame Type field is set to the type of framat ik being sent. Table 2 lists the valid frameetyalues,
descriptions, and the subclauses that describthet and use of each of the individual frame $ype

Table 2 - Frame Type field encoding

Value Frame type
0 Beacon frame
1 Control frame
2 Command frame
(undefined)
3 Data frame
4 Aggregated data frame
(undefined)
5-7 Reserved

2.5.6 Frame Subtype / Delivery ID

The Frame Subtype / Delivery ID field is used tsistsa receiver in the proper processing of reckfi@mes. In
control or command frames, this field is used aie Subtype. In data frames and aggregated datadrahis
field is used as Delivery ID as defined in Table 3.

Table 3- Delivery ID encoding in Frame Control

b9 B8-b6

The user priority bits in the delivery ID field (the MAC header), won't be used until a CSMA/CAusoh is
specified.

2.5.7 Retry

The Retry bit is set to one in any data, aggregdtgd, or command frame that is a retransmissiancdarlier
frame. It is reserved in all other frame types.
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2.5.8 DestAddr

The DestAddr field is set to the DevAddr of theeimded recipient(s) of the frame. The DevAddr spexia
single device for a unicast frame, a group of devifor a multicast frame, or all devices for a biczest frame.

Frames are addressed using DevAddrs. There aretyfpes of DevAddrs; Private, Generated, Multicasid
Broadcast. Table 4 shows the range for each typPesfAddr, it follows the address range defined bg t
WiMedia Alliance [5].

Table 4 - DevAddr types and ranges

Type Range
Private 0x0000—0x00FF
Generated 0x0100-OxFEFF
Multicast (McstAddr) OxFFO0—OxXFFFE
Broadcast (BcstAddr) OxFFFF

A device shall associate a Generated DevAddr wsttocal MAC entity and use that DevAddr in its bea. A
device shall select a Generated DevAddr from thee@Geed DevAddr range at random with equal probgbil
and should ensure that the generated value is @@imong all devices.

Except in Private reservations, in all frames tnaitted, a device shall set the SrcAddr field tooiten DevAddr.
In unicast frames, the DestAddr field shall be teethe DevAddr of the recipient. In multicast frasnehe
DestAddr field shall be set to an address fromMiéticast DevAddr range.

In broadcast frames, the DestAddr field shall Hdséhe Broadcast DevAddr.

A device shall not transmit frames addressed wignizate DevAddr at any time outside a Private mest@n.

2.5.9 SrcAddr
The SrcAddr field is set to the DevAddr of the sanitter of the frame.

2.5.105equence Control

The Sequence Control field identifies the ordeM&DUs/MCDUs and their fragments. The Sequence @bntr
field is illustrated in Figure 15. The Sequence t@arfield is reserved in control frames.

Figure 15: Sequence Control field format

Bit M : More Fragment

Bit R : reserved

2.5.10.1 Fragment Number

The Fragment Number field is set to the numberhefftagment within the MSDU or MCDU. The fragment
number is zero in the first or only fragment of B¥$DU or MCDU and is incremented by one for each
successive fragment of that MSDU or MCDU.
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2.5.10.2 Sequence Number

The Sequence Number field value is used for dujgicdetection for frames sent using the ACK
acknowledgement policy. It is used for both dupkcaetection and reordering for frames sent ushey t
BLOCK-ACK mechanism.

A device shall assign each MSDU or MCDU transmitiesequence number from a modulo 4096 counter.
A device shall assign the same sequence numbectofeagment of an MSDU or MCDU.

A single sequence number applies to all MSDUs ¢oethin an aggregated data frame. A device shall
increment the sequence number counter by one &rteansmitted aggregated data frame.

A device shall use a dedicated counter for MCDUSs.

A device shall use a dedicated counter for eachesezg of MSDUs addressed to the same DestAddrtidth
same Delivery ID using BLOCK-ACK acknowledgementipn

A device may use a dedicated counter for MSDUs ttrithsame Delivery ID field value addressed tosidume
DestAddr.

In each beacon frame transmitted in a superfrardeyie shall set the Sequence Number field fratedicated
counter that increments once per superframe, malid8, or shall set it to zero.

2.5.10.3 More Fragments

The More Fragments field is set to zero to indidhtg the current fragment is the sole or finagfment of the
current MSDU or MCDU; otherwise the field is setotioe.

2.5.11Access & Feedback Information

The Access Information field is illustrated in FigulL6.

MF AM

Figure 16 : Access & feedback Information field fomat

2.5.11.1 Duration

The Duration field is 13 bits in length and is 8etain expected medium busy interval after the dritieoPLCP
header of the current frame in units of microsesoffdax duration = 8191 us). The duration valuessduto
update the network allocation vector (NAWote that it takes 93 us to send 1500 octets at 1RkgaBits/s,as
the maxDuration = 8191 ps, we could use only 11 bifor the duration field and use the remaining 2 lis if
necessary.

A device shall set the Duration field in beacomfes to one of the following:

If there are more than one Beacon in the Beacangét shoud be set to the time remaining in the B
measured from the end of the PLCP header of theobpefaame, as determined by the largest BP length
announced by neighbours of the device in the ptsviuperframe;

If there is only one Beacon in the Beacon peribdhould be set to the transmission time of thené&a
body (Mac Frame payload + FCS) of the beacon frame;

A device shall set the Duration field in data frame the sum of:
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The transmission time of the frame body (Mac Fraagdoad + FCS) of the current frame;
The transmission time of the expected responsesfifamthe current frame (ACK frame), if any;

The transmission time of subsequent frames, if tnpe sent to the same recipient up to and instudi
next frame with ACK Policy set to ACK

All the IFSs separating the frames included inBheation calculation. The calculated value for Diana has a
required accuracy of +/- one microsecond per frardeided in the calculation.

A device shall set the Duration field in ACK frasn® the ceiling of zero or a value equal to theation value
contained in the previous frame minus one SIFS timi@us the transmission time of the frame bodyhef
received frame to which the ACK is responding, rsitlue transmission time up to the end of the PLERI@r
of this ACK frame.

2.5.11.2 More Frames

The More Frames bit is set to zero if the trangmittill not send further frames to the same reapduring the
current superframe; otherwise it is set to one. Moee Frames bit is reserved in beacon and cofrroles.

2.5.11.3 Access Method
The access method must be set for each packet astdoa updated for each time slot.

The Access Method bits are set to 0x00, for eaatkgtasent in the time slots working in half duplex
transmission. For these time slots, a reservatigrbeen made by only one device

The Access Method bits are set to 0x01, for eadatkgiasent in the time slots working in full duplex
transmission. For these time slots, a reservatas) leen made by each device involved in the retsenga
process.

2.5.11.4 Feedback information

The Feedback information field is 8 bits, and stidu used by the receiver of the frame to assesshhnnel
condition. The Feedback information value couldbbsed on RSSI, BER, Packets Loss or any othemiragon
allowing channel condition assessment.

2.5.1Zrame Payload

The Frame Payload field is a variable length fiblat carries the information that is to be trangf@rto a device
or group of devices.

25.1FCS
The FCS field contains a 32-bit value that repressarCRC polynomial of degree 31.

The CRC is calculated over a calculation field, athis the entire Frame Payload field for this sfiesiion. The
calculation field is mapped to a message polynoivigd) of degree k-1, where k is the number of lxitghe
calculation field. The least-significant bit of tfiest octet presented to the PHY SAP is the coifit of the X*
term, and the most-significant bit of the last oatansmitted is the coefficient of thé term.

The CRC is calculated using the following standgederator polynomial of degree 32:

G(X):X32+X26+X23+X22+Xl6+X12+Xll+XlO+X8+X7+X5+X4+X2+X+1
The CRC polynomial is the one's complement of tleeluto 2 sum of the following remainders:

The remainder resulting froxf x (' +>° + ... + x + 1)divided (modulo 2) by3(X).
The remainder resulting front> x M(x), divided (modulo 2) by3(x).

The FCS field value is derived from the CRC polymmnsuch that the least-significant bit is the dio&#nt of

thex*'term and the most-significant bit is the coeffitiofithex’term. Figure 17 illustrates the encoding of the
FCS field for the CRC polynomial:
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Figure 17 - FCS field encoding

In a common implementation, at the transmitter,itlitial remainder of the division is preset to aties and is
then modified via division of the calculation fieltgy the generator polynomial G(x). The one’s compat of

this remainder is the FCS field. At the receivége tnitial remainder is preset to all ones. Theaséncoming

bits of the calculation field and FCS, when divided G(x) in the absence of transmission errorgjltgsn a
unigue non-zero remainder value. The unique reneaindlue is the polynomial:

X31+X30+X26+X25+X24+X18+X15+X14+X12+X11+X10+X8+X6+X5+X4+X3+X+1

2.5.14Information elements

This section defines the information elements (&g} can appear in beacons and certain commameéal he
general format of all IEs is illustrated in Figur®: Information Element general format.

Figure 18: Information Element general format

The Element ID field is set to the value as listed able 5 that identifies the information eleméeFhe Length
field is set to the length, in octets, of the IEesific fields that follow. The IE-specific fieldootain information
specific to the IE.
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Table 5: Information Elements

2.6 Beacon frames

The Beacon frame is described in Figure 19.
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Element ID Information element Description
0 Emergency traffic The emergency traffic IE allows a device to send an
emergency message in a Beacon.
1 Beacon Period Occupancy The Beacon Period Occupancy IE provides
information on the BP observed by the device seng
the |IE.
2 Time Slot Availability The Time Slot Availability IE is used by a deviae t
indicate its view of the current utilization of Tém
Slots.
3 Reservation Protocol A RP IE is used to negotiate a reservation or qiaat
reservation for certain TSs and to announce thg
reserved TSs.
4 MAC Capability The MAC Capability Bitmap field indicates
capabilities supported by the MAC entity.
5 Identification The Identification IE provides identifying informan
about the device, including a name string.
6 Multicast Binding The Multicast Binding IE binds a multicast EUI-48
and the McstAddr that the device will use when
transmitting frames destined for that multicast EUJ|
48.
240 OWLLCP The OWLLCP IE is included in beacons by all
devices. It provides information about the devind 3
its participation in OWSSs.
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Figure 19: Beacon Frame format

2.6.1 Beacon Parameters

The Beacon parameters are described in Figure 20.
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O - 0 —

0
Figure 20: BEACON parameters

The Device Identifier field is set to the EUI-4g [ the device sending the beacon. A device mayaublULL
EUI-48 value (all bits set to one) to indicate gied not have a unique EUI-48 value. The EUI isqguerce of 6
octets. The first three octets are the manufactu@ul, and the last three octets are the manufackelected
extension identifier. Octets of the EUI are padsetthe PHY SAP in ascending index-value order.

The Beacon Slot Number field is set to the numlieh@® beacon slot where the beacon is sent witlérbeacon
period (BP), in the range of ®3 except in beacons sent in signalling slots. Inaigrg slots it is set to the
number of the device’s non-signalling beacon slot.

The Device Control field is illustrated in Figuré.2

b0 b1 b2-b5 b6 b7

Type

Figure 21 - Device Control field format

The Movable bit is set to one if the beacon is nide/aand is set to zero otherwise. The Signallilog it is set
to one if the beacon is sent in a signalling beaton and is set to zero otherwise. The Securibgl&ffield is set

to the security mode at which the device is cutyemperating. There is only one security mode d=fifx00 :
open mode

The communication type indicates if the device sapport half duplex or full duplex transmissionthé bit is
set to zero, the device supports half duplex madg @ the bit is set to one, the device suppéutsduplex and

half duplex mode.
2.6.2 Beacon Period Occupancy IE

The Beacon Period Occupancy IE provides informatinorthe BP observed by the device sending the he. T
Beacon Period Occupancy IE is illustrated in Figze

D4.3 — Optical Wireless MAC Specification Page 32 (87)



ICT-213311, OMEGA 4 January 2010

o
o

- 13& 4 —

— &3& 4 —

63& 4

Figure 22: Beacon Period Occupancy IE

2.6.2.1BP Length field
The BP Length field is set to the length of the BRasured in Beacon Slots.

2.6.2.2Beacon Slot Info Bitmap field

The Beacon Slot Info Bitmap field consists of Kaistof 2-bit elements to indicate the beacon steipancy
and movability in the BP. Each octet contains 4nelets, and each element represents 1 Beacontsogfdre
K = Ceiling (BP_Length/4). Each element n, numbeiredn 0 to 4xK-1, corresponds to beacon slot n iand
encoded as shown in Table 6. Element zero is Hst-Egnificant two bits of the field. Unused elaense if any,
are set to zero.
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Table 6- Beacon Slot Info Bitmap element encoding

=]

he

Element value Beacon slot status DevAddr encoding
0 Unoccupied (non-movable) No DevAddr is included in the DevAddr fields for
No PHY indication of medium activity was receivedthe this beacon slot.
corresponding beacon slot in the last superframe.

1 Occupied & non-movable The corresponding DevAddr field is set to the
A beacon frame aligned to the device’s BPST wasived in the SrcAddr in the MAC header of the received beac
corresponding beacon slot in the last superframe ttee Movable frame.

bit in that beacon was set to zero
2 Occupied & movable If a beacon frame header was received within a ti
A PHY indication of medium activity was receivedtire slot boundary, but the frame had an FCS error, tf
corresponding beacon slot in the last superframmedid not result DevAddr field is set to the SrcAddr in the MAC
in reception of a beacon frame aligned to the desiBPST. header of the beacon frame. In all other cases, t
DevAddr field is set to BcstAddr.

3 Occupied & movable The corresponding DevAddr field is set to the
A beacon frame aligned to the device’'s BPST wasived in the SrcAddr in the MAC header of the received beac
corresponding beacon slot in the last superframetlze Movable frame.

bit in that beacon was set to one.

=)

2.6.

2.3DevAddr fields

The DevAddr fields correspond to beacon slots eedaab specified in the Beacon Slot Info Bitmap.yTaee
included in ascending beacon slot order.

2.6.3 Time Slot Availability IE

The Time Slot Availability IE is used by a devieeindicate its view of the current utilization oiiife Slots. The
Time Slot Availability IE is illustrated in Figur23.

oty &y )yt I
0 ( &3 4
— "364 —
0 % #36 4
1&/

Figure 23: Time Slot Availability IE format

The Time Slot Availability Bitmap field is up to 2@ bits long, one bit for each TS in the superfrawigere the
least-significant bit of the field corresponds be first TS in the superframe and successive bitsespond to
successive TSs. Each bit is set to one if the ddgiavailable for a reservation in the correspogdiS, or is set
to zero otherwise. If the Time Slot Availability tBiap field is smaller than 128 octets, the bit®atets not
included at the end of the bitmap are treated as ze
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2.6.4 Reservation Protocol (RP) IE

A RP IE is used to negotiate a reservation or pad reservation for certain TSs and to announeeadkerved
TSs. The RP IE is illustrated in Figure XNbte that a device, can include several RP IE in thsame Beacon,
one for each target.

L T N R T SR N A
0 ( -3 4
— "38& 4 ]
- <5 03& 4 —
< ?
N 3& 4 ]
| G O # _
<5 00 6,! - _ |
— 2 0 # —
| |
| DBBB |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
<500 6,6 G 0 #

gbre 24: RP |E format

2.6.4.1RP Control field
The RP Control field is illustrated in Figure 25.

D4.3 — Optical Wireless MAC Specification Page 35 (87)



ICT-213311, OMEGA 4 January 2010

b0-b2 b3-b5 b6-b8 b9 b10 b11 b12 b13 b14-b15

type index Code status Tie- type

Figure 25: RP control field encoding

The Reservation Type field is set to the type & thservation, as there is only one reservatioe,type
reservation type should be set to zero.

The Reason Code is used by a reservation targetlicate whether a reservation request was sucdessd is
encoded as shown in Table 7. The Reason Codets seto in a RP IE sent during negotiation bysereation
owner and by a device maintaining an establishsérvation. The Reason Code is set to Modified bg\ace if
some of the Time Slots claimed in the reservatiavehbeen removed or if RP IEs have been combimdit], &
both.

Table 7 - Reason Code field encoding

Value Code Meaning
0 Accepted The RP reservation request is granted
1 Conflict The RP reservation request or existeggrvation is in conflict with one or more exigtiRP

reservations

2 Pending The RP reservation request is beincepsed
3 Denied The RP reservation request is rejeatedisting RP reservation can no longer be acceptef
4 Modified The RP reservation is still maintairi®d has been reduced in size or multiple RP |Ethi®

same reservation have been combined

5 Cancelled The RP reservation has been cancelled

6—7 Reserved Reserved

The Reservation Status bit indicates the statubeoRP negotiation process. The Reservation Shittis set to
zero in a RP |E for a reservation that is undemtiation or in conflict. It is set to one by a dewigranting or
maintaining a reservation, which is then referiedg an established reservation.

The Owner bit is set to one if the device trandngtthe RP IE is the reservation owner, or to z&tbe device
transmitting the RP IE is a reservation target.

The Conflict Tie-breaker bit is set to a randomueabf zero or one when a reservation request iseméke
same value selected is used as long as the rdseniatin effect. For all RP IEs that represent Hame
reservation, the Conflict Tie-breaker bit is sethte same value.

The Target/Owner DevAddr field is set to the DevAdé the reservation target if the device transngttthis
RP IE is the reservation owner. The reservatiogetamay be a unicast or multicast DevAddr. Thalfislset to
the DevAddr of the reservation owner if the deuremsmitting the RP IE is a reservation target.

The Unsafe bit is set to one if any of the TimetSldentified in the RP Allocation fields is considd in excess
of reservation limits.

The transmission type it set to zero, if thereadudl duplex transmission for any of the resertietke slots. The
transmission type it set to one, if there is ast@me time slot working in full duplex transmigsio

A RP IE contains one or more RP Allocation fiel#ach RP Allocation field is encoded using a zonacstire.
The superframe is split into 32 zones numbered féotn 31 starting from the BPST. Each zone cont&is
consecutive time slots, which are numbered from 82 within the zone.

The format of a RP Allocation field is illustrategdFigure 26.
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Figure 26: RP Allocation field format

The Zone Bitmap field identifies the zones thattaonreserved time slots. If a bit in the fieldsist to one, the
corresponding zone contains reserved Time Slotsrevhit zero corresponds to zone zero.

The Time Slot Bitmap specifies which Time Slotgha zones identified by the Zone Bitmap field azet pf the
reservation. If a bit in the field is set to orfee torresponding Time Slot within each zone idextiby the Zone
Bitmap is included in the reservation, where bibzeorresponds to Time Slot zero within the zone.

Note that with this method you cannot reserve thgahal of the 32x32 matrix.

Example:
If the Zone Bimap is : 0000000000000000100000000000 = 0x8000 =(32768)dec
If the TS Bimap is : 0000000000000000111111110000G= OXxFFO0 =(65280)dec

In the above example, the device is reserving 84lots (TS 8-16) in zone number 15 (timeslot 448}4%0 the
TSs reserved are the TSs : 456<->463

2.6.5 MAC Capabilities IE
The MAC Capabilities IE is illustrated in Figure.27

L T N R T B B A
0 ()3 4
- " 8&3& 4 —

Figure 27: MAC Capabilities IE format

The MAC Capability Bitmap field indicates capalidit supported by the MAC entity. A bit is set teedahthe
corresponding attribute is supported, or is seero otherwise. This field is encoded as describddble 8..

Table 8: MAC Capability Bitmap

Octet Bit Attribute Description
0 0 Block ACK Capable of transmitting and acknovged) frames using the B-ACK mechanism
1 Explicit RP negotiation Capable of negotiatirgervation using command frames
2 Reserved Reserved
3 Reserved Reserved
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4 Reserved Reserved

5 Reserved Reserved
Reserved Reserved

7 Reserved Reserved

1 0 Reserved Reserved
1-7 Reserved Reserved

2.6.6 Identification IE

The Identification IE provides identifying informabn about the device, including a name string. The
Identification IE is illustrated in Figure 28.
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Figure 28: Idenitfation IE format
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2.6.6.1Device Information field

The general format of the Device Information fieddllustrated in Figure 29.

Figure 29- Device Information field format

The Device Information Length field indicates tladth, in octets, of the Device Information DataléFithat
follows. The encoding for the Device InformationpBEyfield is shown in Table 9.

Table 9: Device Information Type field encoding

Value Device Information Data field contents
0 Vendor ID
1 Vendor Type
2 Name String

3-255 Reserved

The Device Information Data field, if Device Infoation Type is Vendor ID, is illustrated in Figur®.3The
Vendor ID is set to an OUI that indicates the verafdhe device.

- = oul —

Figure 30: Vendor ID field format

The Device Information Data field, if Device Infoation Type is Vendor Type, is illustrated in Figle®. The
Vendor ID field is set to an OUI that indicates #mgity that assigns the values used in the Deljgee 1D field.
The Device Type ID field indicates the type of devi
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Figure 31: Vendor Type field format

The Device Information Data field, if Device Infoation Type is Name String, contains the name ofténace
encoded in Unicode UTF-16LE format, and is illusthin Figure 32..

Figure 32: Name string field format

2.6.7 Multicast Binding Information Element

As shown in Figure 33, Each device maps multichlit48s to McstAddrs in the 16-bit DevAddr addreasge.
The Multicast Binding IE binds a multicast EUI-48dathe McstAddr that the device will use when traitsng
frames destined for that multicast EUI-48.
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Figure 33: Multicast address Binding IE

2.6.8 OWLLCP IE

The OWLLCP IE is included in beacons by all deviclsprovides information about the device and its
participation in OWSSs. The format of the IE isidiirated in Figure 34.
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Figure 34: OWLLCP IE format

2.6.8.1Capabilities field
The Capabilities field format is illustrated in big 35.

D4.3 — Optical Wireless MAC Specification Page 42 (87)



ICT-213311, OMEGA 4 January 2010

b0 | b1-b2 b3 b4 b5-b7 b8-b11 b12-b15 b16-b19 | b19-b23

Figure 35: Capabilities field format

The Bridge device bit is set to one if the devi@n @rovide bridge services to client devices. THe R
Establishment bit is set to one if the device Bidge and is capable of accepting a RP reservatignest from

a client device, or is set to zero otherwise. Eheollment bit is set to one if the device has beeabled by the
user to accept a new enrollment, or is set to nérerwise. The Broadcast Traffic Indications Coiigid is set
to the number of Traffic Indication fields in thedadcast Traffic Indications field. The Emergenagflic
Indications is set to the number of Emergency Tedffdication fields in the Broadcast Traffic Indi@ons field.
The number of connection ID list is set to the nembf OWSS connection ID field included in the OWISS
List field.

2.6.8.2Connection ID list

The OWSSID connection ID list field contains the @®/connection ID's that indicate which OWSSs addevi
has activated, and how many connection are acév®©pVSS. An OWSS connection ID is one octet, idgnt

a connection for a given OWSS. OWSS connectionaritransmitted in ascending ord€he connection ID
has a local significance only.

)

-8 format

= K+1

N —

Figure 36- Connection id list field format

As shown in Figure 36 an OWSS is identified by meaa tag (see section 3.5.7).

2.6.8.3Broadcast Traffic Indications

The Broadcast Traffic Indications field contains@er more Traffic Indication fields, an examplewdfich is

illustrated in Figure 37. Each Traffic Indicatioielfl informs neighbours of the device of its intémttransmit

frames carrying OWLLCP broadcast or multicast tcafAn OWLLCP device includes one Traffic Indicatio
field for each OWSS to which it intends to transbribadcast or multicast frames in the current Svgeie.
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The format of a Broadcast Traffic Indication fiédllustrated in Figure 37.

Figure 37: Traffic Indication field format

The OWSS Tag field identifies the OWSS to which dlegice intends to transmit multicast or broadtasfic;
it's the first octet of th©WSSID connection ID The TS List Length field is set to the numbeT& numbers
included in the TS List field.

The TS List field contains one or more TS numberthé current superframe in which the device insetodsend
broadcast or multicast traffic. A TS number is taatets. The TS numbers are transmitted in incrgasitue
order.

2.6.8.4Emergency Traffic Indications

The Emergency Traffic Indications field containgsazer more Emergency Traffic Indication fields, example
of which is illustrated in Figure 36. Each Emergeiicaffic Indication field informs neighbours ofeldevice of
its intent to transmit frames carrying Emergenaffic. A OWLLCP device includes one Emergency Ticaff
Indication field for each OWSS to which it intertdstransmit Emergency frames in the current superé. The
format of a Emergency Traffic Indication field lkistrated in Figure 38.

Figure 38: Emergency Traffic Indication field format

The OWSS Tag field identifies the OWSS to whichdlegice intends to transmit emergency traffic,this first
octet of theOWSSID connection ID The TS List Length field is set to the numbe& numbers included in
the TS List field. The TS List field contains onemore TS numbers in the current superframe in klie
device intends to send emergency traffic. A TS nemmib two octets. The TS numbers are transmitted in
increasing value order.
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2.6.9 Emergency Traffic IE format

Figure 39: Emergency Traffic IE format

The emergency traffic IE described in Figure 3%ved a device to send an emergency message in @Bea
The size of the message is limited to PHYdataRé€000049). For longer emergency messages, a deaite
reserve some TSs with the OWLLC IE (see sectiorBR.6he emergency message is encoded in Unicode UT
16LE format.

2.7 Control Frames

The control frame format is described in Figure 40.
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Figure 40: Control Frame format

2.7.1 Acknowledgement (ACK)

In ACK frames, the DestAddr field is set to the Aadr of the received frame that is acknowledged KAC
frames have no frame payload. As the Ack frameedésntrol frame, the Sequence Number field is weskrAs
we use TDMA, we don't need to indicate which frayoa acknowledge.

2.8 Command Frame

2.8.1 General Format

The command frame format is described in Figure 41.
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Figure 41: Command Frame format

As shown in the above figure, a command frame eastdtus request (Subtype = 0) or Status resp&uirype
=0).

2.9 Beacon Period

Figure 42 illustrates an example of a BP obseryed tevice in a given superframe.
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Figure 42: Beacon Period (BP) description

Each superframe starts with a Beacon Period (BRichvextends over one or more contiguous Beacds.slo
The duration of a Beacon slot is 2xTSs. The sththe first TS in the BP, and the superframe, ibedathe
beacon period start time (BPST). Each superframesstvith a BP, which has a maximum length of @deti
slots. Beacon slots in the BP are numbered in seguestarting at zero. The first 2 beacon slota &P are
referred to as signalling slots and are used tenekthe BP length of neighbours.

When transmitting in a beacon slot, a device stalt transmission of the frame on the mediumabtyginning
of that beacon slot.

A device shall transmit beacons at 150 MegabifEl® transmission time of beacon frames shall roeed
BeaconSlotDuration — 2xSIFS Time = 2x65,536 -2x8[145,072us. This allows for a guard time of at feas
2xSIFS Time between the end of a beacon and thieo$tdne next beacon slot.

A device shall announce its BP length in its beaasra count of beacon slots starting from the BPBE
announced BP length shall include a) the device/s beacon slots in the current superframe, b) alitored
beacon slots in the BP of the prior superframe, @nthe beacon slot indicated in any beacon redeinea
signalling slot in the prior superframe.

2.9.1 Beacon transmission

Before a device transmits any frames, it shall doarbeacons for at least two superframes, or astléwo
superframes if no beacon frame is received. Ifdbeice receives no frame headers during the stahail
create a new BP and send a beacon in the firsbhesdot after the signalling slots. If the devieeeives one or
more frame headers, but no beacon frames with id ¥&S during the scan, the device should scaraffor
additional superframe.

If the device receives one or more beacons dutiregstan, it shall not create a new BP. Insteady pa
communicating with another device, the device stralhismit a beacon in a beacon slot selected frprto8
beacon slots located after the highest-numberedailalle beacon slot in the last superframe andhiwié4
after the BPST.

A device shall not transmit frames in the current sperframe during the BP length indicated in the mos
recent beacon received from any neighbour in the gvious 4 superframes.

A device shall consider another device to be ahtwgr if it has received a beacon from that dewitkin the
last 4 superframes, and the latest beacon frordekiee indicated a BPST aligned with its own. Hevice has
not received a beacon from another device forabe4 superframes, it shall not consider the dewigeighbour.

A device shall not consider a received beacon i Signalling Slot bit set to one as received fram
neighbour.
2.9.2 Beacon slot collision

A device shall consider itself involved in a beacdot collision with another device if one of thalléwing
events occurs:
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Its beacon slot is reported as occupied in the @e&eriod Occupancy IE in any beacon it receives in
the current superframe, but the corresponding DevAsineither BcstAddr nor its own DevAddr used
in the previous superframe.

After skipping beacon transmission in the previsuperframe, its beacon slot is reported as occupied
in the Beacon Period Occupancy IE in any beacoredeives in the current superframe, and the
corresponding DevAddr is not BcstAddr.

When skipping beacon transmission in the currepedtame, it receives a MAC header of type beacon
frame in its beacon slot.

It receives a signalling slot beacon aligned witte @f its own signalling slots, with the BeacontSlo
Number field set to its own beacon slot.

Certain events indicate a potential beacon sldisoah. A device should consider the possibilityaolbeacon slot
collision and take appropriate action if one or enaf the following anomalous events occurs, or oEcu
consistently over multiple superframes:

The device’s beacon slot was reported as occumiédree corresponding DevAddr was BcstAddr in the
Beacon Period Occupancy IE of a beacon it receivede current superframe, and it sent a beacon in
its beacon slot in the previous superframe.

After skipping beacon transmission in the previsuperframe, its beacon slot is reported as occupied
in the Beacon Period Occupancy IE in any beacoredeives in the current superframe and the
corresponding DevAddr is BcstAddr.

When skipping beacon transmission in the currepedtame, it receives a PHY indication of medium
activity in its beacon slot that does not resultanrect reception of a frame header.

If a device detects a beacon slot collision, itliskalect a different beacon slot for its subsequaseacon
transmissions from up to 8 beacon slots locateer dfie highest-numbered unavailable beacon sldtdnast
superframe and within 64 after the BPST.

2.9.3 Use of signalling slots

If the beacon slot in which a device will transiitét beacon in the current superframe is locatedbeyhe BP
length indicated in any beacon the device receft@d a neighbour in the previous superframe, thécgeshall
also transmit the same beacon, except with theaBigg Slot bit set to one, in a randomly selecsaghalling
slot, except as follows:

it should wait for a random number of superframefoie sending a beacon in a signalling slot

If a device transmits a beacon in a signalling fot4 consecutive superframes, it shall not trahsm
beacon in a signalling slot in the next 4 superrsanand it should not transmit a signalling slaidmm
for an additional aperiodic interval that does exteed 128 superframes.

A device also may send a beacon in a signalling islaesponse to abnormal conditions, such asriita
receive a beacon from a neighbour that previouslyndt include the device's beacon slot in its Bfhdth, or
failure of a neighbour to report reception of tlewide's beacon in its Beacon Period Occupancy IE.

2.9.4 Required reception interval

An active mode device shall listen for neighbolmsacons in the first N beacon slots in each sugrmadr where
N is the greater of its BP Length values for therent and previous superframes. At a minimum, #ndag shall
listen for intervals such that it would receiveranfie with a reception time within GuardTime of tart of any
of the N beacon slots.

If a device received a beacon with invalid FCS¢etected a medium activity that did not resulteoaption of a
frame with valid HCS in a signalling slot in theepious superframe, no BP Length adjustment is redubut it
shall listen for beacons for an additional 8 beaslots after its BP length indicated in the curremperframe,
but not more than 64 beacon slots.

2.9.5 Skipping beacon transmission

An active mode device shall transmit a beacon serpua each superframe, except as follows: In cialeetect
beacon slot collisions with neighbours, a devicallstékip beacon transmission aperiodically, antefisfor a
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potential neighbour in its beacon slot. A deviceallsbkip beacon transmission, but not any assatisignalling
slot beacon, at least every 128. When a devicesdi@acon transmission, it shall act as if the skdppeacon
were transmitted.

2.10 Reservation Protocol (RP)

The RP enables devices to reserve one or morelieSshie device can use to communicate with onearem
neighbours. A device shall announce its reservatipnincluding RP IEs in its Beacons. A reservat®the set
of TSs identified by RP IEs with the same valuethia Target/Owner DevAddr, Owner, Reservation Tyl
Stream Index fields.

Reservation negotiation is always initiated by dewice that will initiate frame transactions in tfeservation,
referred to as the reservation owner. The devieg whll receive information is referred to as theservation
target. In a reservation, devices other than teervation owner and target(s) shall not transrainis. Devices
other than the reservation owner shall not initfedene transactions.

In full duplex mode, a device can reserve timesstbat are already reserved, only if these timts gloe used to
send data to the device which has already rese¢heseé timeslots.

The transmission type in the Reservation protonfirmation Element, must be set to zero, if theraad full
duplex transmission for any of the reserved tinoésslvith a given device. The transmission type nhasset to
one, if there is at least one time slot workinduith duplex transmission for a given reservation.

A device shall not transmit a data frame unless th®elivery ID field is set to a Stream Index that ighe
same as the Stream Index for the reservation and ¢hDestAddr of the frame is the same as the Target
DevAddr for the reservation. A device may transmit any command or control frama reservation.

That's why the user priority bits in the delivery ID field (in the MAC header), won't be used until a
CSMA/CA solution is specified.

A device shall not negotiate for TSs that are inclded in a RP IE received from a neighbour or any otér
DRP [E included in the device’s beacon, unless thESs are referenced only in a RP IE with Reason Code
set to Denied.

Implicit negotiation is carried out by transmittilRP IE(S) in beacon frames. A device that suppgbg<RP shall
parse all beacons received from neighbours for RB) lwhose Target/Owner DevAddr field matches eithe
device's DevAddr or a multicast DevAddr for whidietdevice has activated multicast reception. Frbim t
initial selection, the device shall process thelR{) that are new with respect to RP IE(s) incthdethe most
recently received beacon from the same deviceRR geservation request or a RP reservation response

To start implicit negotiation, a reservation owshall include a RP IE that describes the proposservation in
its beacon. The device should continue to include RP IE for at least 4 consecutive superframesntt a
response is received.

On reception of a unicast RP reservation requesthiieacon, the reservation target shall includ® adRervation
response in its beacon no later than the next Bapag, with fields set as described as follows:

If a unicast reservation is granted, it shall bet Reservation Status bit to one and the Reasoer @od
Accepted.

If a multicast reservation is granted, it shall thet Reservation Status bit to the same value dieclun
the RP IE by the reservation owner, and shallleeReason Code to Accepted.

If the reservation is not granted, it shall setR@servation Status bit to zero.

If the reservation cannot be granted due to a wdnflith its own or its neighbours’ reservationise t
reservation target shall set the Reason Code tdli€on

If the reservation is not granted, it shall set Reason Code to Denied. If the reservation targabot
grant the reservation immediately, it may set tiea$dn Code to Pending, and deliver a final response
later. For a unicast reservation, the reservatioget shall set the RP Allocation fields to matubse in

the request. For a multicast reservation, it sbetilithe RP Allocation fields to match the requesto
include a subset of the TSs included in the request

If the Reason Code indicates Conflict, the res@aatrget shall include a RP Availability IE irs ibeacon.

As long as the reservation owner includes a uniB&streservation request in its beacon, the reservédrget
shall continue to include the RP reservation respan its beacon. The reservation target shalichahge the
Reservation Status bit to one if there is a resemvaonflict with its neighbours.
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On reception of a multicast RP reservation requesiservation target shall include a reservatesponse RP
IE in its beacon no later than the next superfréntds a member of the targeted multicast grotpe fields in
the RP IE shall be set as described above. If teeRation Status bit in the response is zerordbkervation
target shall include a RP Availability IE in itsdmon unless the Reason Code is set to Denied.

A device that elects to receive traffic in an athpaestablished multicast reservation does not reggothe
reservation. To join an established multicast nest@n that does not conflict with other existireggervations, a
device shall include corresponding RP IE(s) irbgacon with Reservation Status bit set to one aaséh Code
set to Accepted.

A device that cannot join an established multicaservation because of an availability conflict nirafgrm the

source by including the corresponding RP IE(s)tésnbieacon with Reservation Status bit set to zand, the
Reason Code set to Conflict. The device shall imldlade the RP Availability IE in the beacon.
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2.11 Link adaptation (Half duplex mode example)
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Figure 43 : Link adaptation example
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Depending on the medium conditions and retransonissia device should be able to adapt his througapu
shown in Figure 43. Let's assume that there aratd dhte available (N=4 in the above figure). Edata rate
corresponding to a predefined medium condition ddasn BER, RSSI, SNR....). When device A receives a
frame from device B (Figure 43 : Link adaptatiorample, Time slot 3), device A will assess (basedBaR,
RSSI, SNR....) the uplink medium conditions (B=>AYasend the result to device B, in the Access &llfeek
MAC header field of the ACK frame. When device Rewes the link feedback from device A, it will
adapt his data rate accordingly, if the medium @@ hasn't changed, device B won't change hia daie, if

the Link feedback is X, device A should change daa rate to Sx megabits/s (see table Figure 4Bk L
adaptation example).

The link adaptation algorithm should also checkrbeber of retransmissions. If the data rate isnggabits/s

(X3 2), and if device A has sent a MAC frame twice, dra$n't received any acknowledgment, it should
change his data rate to Sx-1 or to another lowr dde (Figure 43 : Link adaptation example, Tl 4 & 5).

2.12 Emergency traffic

Emergency traffic can be either sent in Beacons 2s6.9) or in reserved time slots (see 2.6.&8éncons are
always sent at the lowest data rate (defined inDA& [7] document), moreover two Beacons frames ar
separated by a guard interval (2xSIFS time= 2x8sat's why a device can sent a maximum of 792sb{Réy
preamble and PLCP header included) in a Beaconlskbie emergency message is too long, a devitlehewe

to reserve some Time Slots to be able to sendrhexrgency message. If all the time slots are rederne
device will indicate in his Beacon which time sha wants to use to send his emergency messagtn(ehslots
preempted for emergency traffic must be taken fadirthe devices, to make sure all devices release $lots if
needed). After two super frame, each device shioal@ updated his Beacon accordingly. The devickimgsto
send an emergency message, should then send higezrtye message in the released time slots.

To make sure that a device can always include aer§@ncy IE (4 bytes) in a beacon, the length ofoibecon
(excluding the Emergency IE) shouldn't exceed Ag8<

2.13Tunnel Mode — Ethernet over OWMAC

To gain in efficiency in terms of time processirgdevice can use a tunnel mode, the Ethernet frames
directly encapsulated in OWMAC Frame, thus, witls tinode there is no need to remove the Ethernetenea
when receiving an Ethernet frame, before sendiegtiiresponding OWMAC frame.

Ethernet over OWMAC uses protocol ID value 0x01R8te that we could encapsulate any other layer two
protocol , in OWMAC frames, other Protocol ID valeuld then have to be defined.
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Figure 44- Ethernet over OWMAC frame

D4.3 — Optical Wireless MAC Specification

Page 54 (87)




ICT-213311, OMEGA 4 January 2010

3 OWLLC description

3.1 OWLLC frame format

The OWLLC frame format is described in Figure 45.
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Figure 45: OWLLC Frame format

An OWLLC Frame, is a OWMAC data frame. The multipiey MAC header is used to specify the type of
OWMAC dataframe. The multiplexing header for all QWZ Frame is the OWLLC Protocol ID 0X0102.

The OWLLC Frame Type field is set to a value froable 10, which contains a list of OWLLC Frame Types
the names of the frame types, and the subclauatddhlcribe the frame format for each of the friypes.
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Table 10- OWLLC Frame Type field encoding

Value OWLLCP Frame Subclause
Type
0 Standard Data
1 Abbreviated Data
2 Control
3 Association
4-255 Reserved
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3.2 Standard Data frame
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Figure 46- OWLLC Standard format Example
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The OWLLC Frame Type field is set to zero. The OWBSonnection ID field is set to a value used bg th
transmitting device to identify the OWSS for thead&ame, as described in 2.6.8.2. The Destinatiddress
field is set to the EUI-48 [2] of the ultimate destion of the frame. The EUI-48 is a sequence ottts. The
Source Address field is set to the EUI-48 of thiginal source of the frame. The Type/Length fieddset to a
type or length value as described in section 2.2.

This two-octet field takes one of two meanings,atefing on its numeric value. For numerical evabrgtthe
first octet is the most significant octet of thisld.

If the value of this field is less than or equalthe value of maxValidFrame = 1500 octets then the
Length/Type field indicates the number of OWLLCéayor other higher layer) data octets contained in
the subsequent data field of the frame (Lengthrpmétation).

If the value of this field is greater than or eqt@ll536 decimal (equal to 0600 hexadecimal), then
Length/Type field indicates the nature of the MAl&mt protocol (Type interpretation) as defined in
section 2.2.2.3

The Data field contains the payload of the frameexeived from the OWLLC client. The format is aefi
according to the value in the Type/Length field.Higure 43 the protocol ID is 0x800, the data pasilas
therefore an IP packet.

3.3 Abbreviated data frame

An abbreviated data frame is a shorter versiorhefstandard data frame that assumes that the alrighuirce
and ultimate destination of the frame are the tratisng and recipient devices, respectively. Therfat of an
abbreviated data frame is illustrated in Figure diate that there is no EUI destination or sourcdress in the
OWLLC header.

D4.3 — Optical Wireless MAC Specification Page 58 (87)



ICT-213311, OMEGA

4 January 2010
(I N K. TR T N RN N B A
| ) | //’ & + > | L
| 52F# 0:552 | _-
| -
0 %t B
— 0 —] = H
5 . 0 %
== (
I_» 0 %(
5 2 - ] > * 4
! o 0} THE %
2 — 7 0 — | 7 ! 1
<
(o
| ( ] c"
%t H 0 % (
I " C c < (C 6<C < — 0
%t C (
c" o
552 0 0 %(B
31+ 4
<HDO
| 5 0f _|
A11.&3 4
20%# | - |
— ( —
| 5 0¢ _|
,1.%,, 3(54
# %0

Figure 47:

3.4 Association Frame

Abbreviated data frame
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Figure 48: OWLLC Association Frame format
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Association frames are encoded as a list of atg#jueach of which contains a specific piece abrimition
relevant for the particular association subtypee §hneral format of an association frame is ilatsti in Figure

48.

The association subtype field defines the messgge: Discovery, Enroliment, Failure or Connectiofithe
Attribute Type field is illustrated in Figure 48 dletermines the contents of the Attribute Valugldfi The
Attribute Length field is set to the length of thttribute Value field, in octets.

Figure 49: OWLLC Attribute field format

3.4.1 Discovery frame

3.4.1.1D1 Frame
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Figure 50: D1 frame description
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3.4.1.2D2 Frame
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Figure 51: D2 frame description
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3.4.2 Enrollment frames

3.4.2.1E1 Frame
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Figure 52: E1 frame description
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3.4.2.2E2 Frame
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Figure 53: E2 frame description
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3.4.3 Connection Frames

3.4.3.1C1 frame
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Figure 54: C1 frame description

The OWSS Virtual EUI-48 is a unicast EUI-48 used kas the device as its virtual local address for
communication within the OWSS.
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3.4.3.2C2 frame
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Figure 55 —C2 frame description

The OWSS Virtual EUI-48 is a unicast EUI-48 used kas the device as its virtual local address for
communication within the OWSS.

3.4.3.3F0 Frame
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Figure 56: FO frame description

3.5 Attribute fields description

3.5.1 Attribute fields

This section defines the attributes fields that egpear in association frames. The general forniallo
attributes fields is illustrated in Figure 56.

The attribute type field is set to the value atetisn Table 11 that identifies the attribute. Tieagth field is set
to the length, in octets, of the attribute-specifields that follow. The attribute-specific fieldsontain
information specific to the attribute.
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Figure 57 : Attribute field general format

Table 11 - Attribute type

Attribute Attribute type Description
value
0x0001 OWSS Information Attribute The OWSS Information Atttribute contains 4
attributes defining each OWSS dvertised by the
Registrar : the OWSSID identifying the Service, Sgt
the OWSS Name, the Accepting Enroliment Status,
and the OWSS Secure Status.
0x0002 OWSSID OWLLC service set identifier. Theuels a UUID
(Universally Unique Identifier ) encoded as an bcte
string in the order the octets are shown in string
representation in RFC 4122.
0x0003 Universally Unique Identifier Universally unique identifier (UUID) assigned taeth
(UUID)- Enrollee enrollee.
0x0004 Universally Unique Identifier Universally unique identifier (UUID) assigned taeth
(UUID)- Registrar registrar.
0x0005 OWSS Selection Method Attribute If the Enrollee select method is used, the registra
requested to provide information on all OWSSs fgr
which it is currently accepting enrollment.
0x0006 Association Methods List attributel  For the prototype, only one method is defined, the
OPEN method. The registrar admits any Enrollee(to
the OWSS. The value for the OPEN method is zefo.
0x0007 OWSS Name The friendly name of a OWSS, esttad an octet
string in UTF-8 format
0x0008 Accepting Enrolment Set to one if the regisis accepting enrollment in
this WSS, or zero otherwise.
0x0009 OWSS Secure Status Set to one if the WS&igre or zero if it is not
secure.
0x000A OWSS connection ID The connection id is mjua number identifying a
connection in a given OWWS.
0x000B OWSS EUI-48 An EUI-48, encoded as an ottitgs that identifies
the sending device within a OWSS
Ox00FF | OWLLCP Association Error Attributg The result of an OWLLC association.
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3.5.2 OWSSID Attribute
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Figure 58- OWSSID attribute format

3.5.3 OWSS Information Attribute
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Figure 59: OWSS information attribute format

As shown in Figure 59, the OWSS Information Attiitds contains 4 attributes defining each OWSS aibestt
by the Registrar: the OWSSID identifying the Segviget, the OWSS Name, the Accepting EnrollmentuStat
and the OWSS Secure Status. This attribute caraamero or more times in the frame in order tovio®
information on multiple OWSSs.

3.5.4 Universally Unique Identifier (UUID) Attributes

3.5.4.1UUID-E
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— ’)%# 11”!- ]
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Figure 60: UUID-E attribute format

3.5.4.2UUID-R

_ ?%# 11”1) ]

— n !+ RS—

Figure 61: UUID-R attribute format

3.5.5 OWSS Selection Method Attribute
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Figure 62: OWSS Selection Method Attribute format

If the Enrollee select method is used, the regissreequested to provide information on all OW$&swhich it

is currently accepting enrollment. The enrolleel wélect the OWSS in which it will seek to enrdfi.this

Registrar select method is used, the registrargaested to provide information about only a sifigi#SS. The
enrollee is not capable of selecting between melpPNSSs.

3.5.6 Association Methods List attribute

_ ’)%# |1yu+ ]

" &C
)C +C DBBB-,

Figure 63: Association Method attribute format

For the prototype, only one method is defined, @®EN method. The registrar admits any Enrolleeh® t
OWSS. The value for the OPEN method is zero.

3.5.7 OWSS connection ID attribute

_ 9%# 11115 ]

Figure 64: OWSS connection ID attribute
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The first octet is the OWSS tag, a random numbentifing the OWSS. The following octet is the OWSS
connection ID; the connection id should be a uniquenber identifying a connection in a given OWSS.

3.5.8 OWSS Virtual EUI-48

— ?2%# 1, —

Figure 65: OWSS EUI-48 Attribute format

3.5.9 OWLLCP Association Error Attribute

— = 0X00FF  —

Figure 66: OWLLCP Association Error attribute forma t

Table 12: Error Attribute list

Attribute Value Error Description
0 No error
1 Authenticator Failure The device determined #mAuthenticator or Key Wrap Authenticator attitid did
not match that expected for the contents of a framné has abandoned the enrollmgnt
session.
3 Device Busy The device was unable to processatjuest, for example, because it received

multiple requests but can only participate in oneiment session at a time. The
device has abandoned the enrollment session.

4 Setup Locked The registrar was not acceptimgllement requests because of too many recen
enroliment failures.

5 Registrar Not Ready The registrar is not readyontinue enroliment, and has abandoned thelamawot
session.
6 Invalid OWSS Selection The OWSSID requestecfopliment or connection is not valid.
7 Message Timeout The device reached a timeotihg/dor the next association frame in the seqeent
and has abandoned the enrollment session.
8 Enrolliment Session The device reached a timeout on completing theeeatirollment session, and hag
Timeout abandoned the enrolliment session.
9 Unsupported Version The device received a fraraeindicated an O WLLCP version not supportedHzy

recipient, and has abandoned the enroliment session
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10 Internal Error An unexpected error specifithte device occurred. The device has abandoned
enrollment session in progress.
11 Undefined Error An error not defined in thable occurred. The device has abandoned any eerdll
session in progress.
12 Waiting for response The device is not readsetod the next association frame in a sequence &edss
waiting for an association response.
13 -255 Reserved

3.5.100ther attributes

Table 13: Other Attribute list

Attribute Name Attribute Type Attribute Length (octets) Attribute Value
Device Name 0x0010 1-32 The friendly name ofsiireding device, encoded ap
an octet string in UTF-8 format
Manufacturer 0x0011 0-64 The name of the manurfecof the sending device
encoded as an octet string in UTF-8 format
Model Name 0x0012 0-32 The model name of thdiag device, encoded as gn
octet string in UTF-8 format
Model Number 0x0013 0-32 The model number oftraling device, encoded as
an octet string in UTF-8 format
Serial Number 0x0014 0-32 The serial numbé¢hefsending device, encoded as
an octet string in UTF-8 format
Primary Device Type 0x0015 8 The primary typdunrction of the sending device.

3.5.10.1 Device Type attribute

The OUI field is set to the OUI of the organizatittrat defines valid values for the OUI Subdivisiand
Subcategory ID fields. The OUI is encoded as aptatting. The OUI Subdivision field is defined thye OUI
owner, and is used by the OUI owner to support iplaltsubcategory definition sets. The Subcategryisl

N L T K T D A N B N A
— Wt 1,1, —
I— " * p—
- 2%t —
- ( _
I G
I ‘( %( p—

Figure 67: Device Type attribute format

defined by the OUI owner, and identifies the spedeévice function.
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Table 14- Device type list

Value Device Type
1 Computer
2 Printer
3 scanner
4 FAX
5 copier
6 Telephone
7 Camera
8 Storage Network
9 Telephone
10 Router
11 Switch
12 Bridge
13 Infrastructure
14 Multimedia device
15 Gaming device
16 Multimedia device

3.6 OWLLC sublayer functional description

3.6.1 Association

A device shall send association frames to unicddtesses only. A device shall use the ACK acknogviezht
policy at the MAC sublayer to send association #amA device shall retransmit any association frdame
which an ACK frame was not received. If a respoisseequired, a registrar or enrollee shall resptma@n
association frame within 4 seconds of receivingabgociation frame.

3.6.2 OWSS discovery

If there is no OWSS advertised, a device can createw OWSS, in which case it is automatically #edoin
the OWSS, but can only communicate with other devithat subsequently enroll in the OWSS. If therani
OWSS advertised by another device, the new devaceenroll in the existing OWSS, in which case ih ca
communicate with the device advertising the OWS&any other devices also enrolled in that OWSS.

Discovery mechanisms could be based on a scare ¢ttty channel for available and activated OWSSsirigu
discovery and a subsequent enrollment sessiorvieediat is already enrolled in an existing OWS$eferred
to as a registrar, and a device seeking to emmothé OWSS is referred to as an enrollee. Thesss rate
temporary and last only for the duration of theoimrent session.

A device shall be capable of acting as a regis&atevice shall be capable of acting as an enrolleecheck the
OWSS properties of an OWSS activated by a neighbmutevice shall send a D1 association frame to the
neighbour. A device shall not send a D1 frame tee@hbour unless the Discoverable bit is set to iane
latest OWLLC IE received from the neighbour.

A device that receives a D1 association frame giealbond with a D2 association frame that contdimgce
information and OWSS information, or an FO assamiaframe that indicates why the discovery requigstot
accepted or OWSS information is not available. gisear may respond with a D2 frame that includestial
information and a non-zero error code. A regissfzould not send a D2 frame with a non-zero errdedbthe
frame contains OWSS information with the AcceptiBgrollment attribute value set to one. If an em®ll
receives a D2 or FO frame with the Association Eattribute value set to a non-zero value, it shatlrespond
with an E1 frame, and shall not send another Dindrdo the same registrar for at least one secand. D2
frame, a registrar may respond with zero or moreS®Wnformation fields. If the OWSS Selection Method
attribute value in the preceding D1 frame was seRegistrar Selects, the registrar shall not setAbcepting
Enrollment attribute value to one in more than @WSS Information field in the D2 frame.

3.6.3 OWSS activation
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In order to enable connection to other devicei®&VSS, a device must activate the OWSS. Prioctivating

a OWSS, a device must be enrolled in the OWSS clivade a OWSS, a device shall include the OWS S
connection ID and OWSS name in the OWLLCP IE irbigacon in each superframe. A device may deactivate
an OWSS by removing the OWSS tag, connection ID@WISS name from its beacon. A device may activate
multiple OWSSs simultaneously.

When a device activates an OWSS, it shall sele@WSS tag to identify the OWSS in frames thatah&mits.
The device shall not use the same OWSS tag valumdoe than one activated OWSS. In the event oflichn
the device should use the first unused value hitfer the OWSSID tag, modulo 256.

3.6.4 Connection

Prior to exchanging data frames with a neighbouhiwian OWSS, a device shall connect to the neighbo
Prior to connecting, both devices must have actvthe OWSS to be used for the communication contex

A device seeking to establish a connection shatfigmit a C1 association frame to a target devfca.device
receives a C1 frame that identifies an OWSS itd@ivated, it shall transmit a corresponding C2eisdion
frame. Otherwise, it shall transmit an FO assommframe to indicate the connection failure. In A @ C2
frame, a device shall include the OWSS tag vallected when the device activated the OWSS. The tag
included in the Connection ID List attribute (seeton 3.4.7)

3.6.5 Flow chart example (Half duplex example)
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Figure 68: Flow chart example

4 Broadcast MAC frame used for VLC

An abbreviated data frame is a shorter versiorhefstandard data frame that assumes that the arigpurce
and ultimate destination of the frame are the tratisng and recipient devices, respectively. Tharfat of an
abbreviated data frame is illustrated in Figure &g that there is no EUI destination or sourcdress in the
OWLLC header.

As there is only downlink traffic in VLC, the destition address is the broadcast address OxFFFF.
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Figure 69: Abbreviated data example used for VLC

5 Power Save Mode recommendation

A device doesn't need to be awake during the whioperframe, it should be awake during the Beacoioghe
and during the reserved time slots (for transmrssiod reception). In the other time slots the deeign stay in
power save mode.
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6 Conclusion

This is the first public version for the specificat of the OWMAC and the OWLLC layers; it includEBMA,
Multi-sector transmission, and Multi-rate functiand full or half duplex communication. This spezfion also
defines how a device chooses a sector, how it @safigm one sector to another.
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8 Annex

8.1 Technical choices explanation

TDMA (Time Division Multiple Access)

We use TDMA because this is the only way to availlision and retransmission. Each device can reserv
time slot, and advertise the reservation in a Bedi@me, preventing other stations to use the nmdiuring the
reserved time slot. TDMA also prevents stationsmfrasing admission control mechanisms and RTS/CTS
frames that consume bandwidth. Thus, all the tislets (apart from the Beacon period) can be usesttal
traffic.

Multi-sector transmission

We use Multi-sector transmission to be able to sfaid in a wider area (see Figure 5). The covered, avhere
equipment can send and receive data, is dividegttors (seven in the example below). As we use TDMA

devices cannot send data at the same time (extdpl iduplex mode if the two devices exchange Hdfaor

instance, 4 equipments can connect to each otbeiif bvo equipments exchange data in one sectdrtha
other two equipments exchange data in another rseby won't send data at the same time, theylghase
different time slots. The sectors should overlapaltow seamless changes between sectors. Fontissisn, a
device shall send the Beacons in n sectors witlED4. It shall transmit the same Beacon in eactosettthe
same time. For Data transmission, it's up to th@émentation, to transmit the frame in one selestalor (the
sector with the best received signal) or in alltsex The choice of the method to select the bestos for
transmission and reception is beyond the scopki®tpecification.

MAC Header protection

Why do we need to protect the MAC header with aorecorrection code, while the rest of the payléadot
protected? Simply because we want to protect tHmdwledgement frames, to make sure that when estat
receives a frame with no error, the correspondioignawledgement sent by the station, will be cotyect
decoded or corrected if necessary, avoiding retn&gson as much as possible. That's why the PLGRldre
includes the MAC header.

Data rate and adaptive data rate

The OW-MAC protocol offers various data rate. Thend slots duration have been chosen for data vatg$ng
from 128 to 1024 Mbit/s, this is to be in accordamdth the serialisation delay (See annexe 8.4%0Ahe OW-
MAC protocol offers an adaptive data rate to cojith wedium quality changes. This Link adaptatiotésed
on feedback information which is included in the BAeader.

D4.3 — Optical Wireless MAC Specification Page 82 (87)



ICT-213311, OMEGA 4 January 2010

8.2 Serialisation Delay example

Throughput Serialization delay for | Serialization delay for|Serialization delay for
1600 bytes packets 1100 bytes packets 200 bytes packets
(12800 bits) (8800 bits) (1600 bits)

10 mega bits/s 1,28 ms 888 us 160 ps

100 mega bits/s 128 us 88 us 16 s

1000 mega bits/s 12,8 us 8,8 us 1,6 us

We can see from the above table, that the minimalwevfor a Time slot should be : 12,us + a SIFS€ETN20,8
us, as we should be able to transmit one 1600 Ipgelset in one time slot at the highest data rate.

Throughput Number of slots per secon( Number of slots per| Number of slots per
if second second
1600 bytes packets if 1100 bytes packets if 200 bytes packets
(12800 bits) = 1 slot (8800 bits) = 1 slot (1600 bits) = 1 slot

10 mega bits/s 780 1130 6250

100 mega bits/s 7800 11300 62500

1000 mega bits/s| 78000 113000 625000

8.3 64 ms Superframe Example

Number of slots| Number of 1600 bytes Number of 1100 bytes Number of 200 bytes
per packets sent in one slg packets sent in one slot timg packets sent in one slot
samstiame |05 neabisy|bise) 100 meg bis)
16x16 = 256 1 packet = 1 slots 1 slot = 2 packets 1 slot =dékpts

TS =250 ps

32x32 =1024 |1 packet = 4 slots 1 packet = 2 slots 1slot = 8kets

TS =62,5pus

64x64 = 4096 |1 packet = 16 slots 1 packet = 8 slots 1 packeskotad

TS =156 us

128x128 = 1 packet = 64 slots 1 packet = 32 slots 1 packeshots

16384

TS=39pus
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Note that we want to use a power of two, for thenber of time-slots in a super-frame. We can sem filoe
above table; that the maximum number of time sloi super-frame should be 1024 slots. With 4098 Tr5a

super-frame, one TS= 15,6 us, as a TS should la¢egréhan 20,8 us we cannot use 4096 TS's.

Number of slots| Number of 1600 bytes Number of 1100 bytes Number of 200 bytes

per packets sent in one slg packets sent in one slot timg packets sent in one slot

64 ms frame time (Throughput =|(Throughput = 1000 megtime (Throughput =
1000 meg bits/s) bits/s) 1000 meg bits/s)

16x16 = 256 1 slot = 19 packets 1 slot = 28 packets 1 slot & (d&ckets

TS =250 ps

32x32 =1024 |1 slot = 4 packets 1 slot = 7 packets 1slot = 3@kpts

TS =62,5pus

64x64 = 4096 |1 packet =1 slot 1 slot = 1 packet 1 slot = %kptx

TS =156 us

128x128 = 1 packet = 4 slots 1 packet = 3 slots 1 slot =kets

16384

TS=39us

We can see from the above table, that at 1Gbifsie use 256 a TS's super-frame, we can send Q0 hgtes
packets in one time slot, which is unlikely to happthat's why we can't choose this value, the ©8ldn't be
fully used, and we would therefore loose loads aridwidth. AT 1Gbits/s and with 128 ps TS's we wastid

waste loads of bandwidth. The only value we canfaisa time slot is therefore 62,5us.
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8.4 32 ms Superframe Example

Number of slots| Number of 1600 bytes | Number of 1100 bytes Number of 200 bytes

per packets sent in one slot packets sent in one slot time| packets sent in one slot

32 ms frame time (Throughput = (Throughput = 100 meg time (Throughput =
100 meg hits/s) bits/s) 100 meg hits/s)

16x16 = 256 1 packet = 2 slots 1 slot = 1 packets 1 slot =ckets

TS =125 ps

32x32 = 1024 |1 packet = 8 lots 1 packet = 4 slots 1 packet totl s

TS=31upus

64x64 = 4096 |1 packet = 32 slots 1 packet = 16 slots 1 packkeskots

TS=78us

128x128 = 1 packet = 128 slots 1 packet =64 slots 1 pacKe slots

16384

TS=19upus

We can see from the above table, that if we us2 m8Super-frame, and 31us TS's, at 100 Megakithish is roughly
the data rate used for Beacons and associatiorefawe can only send 400 bytes in one TS. It'senotigh data for a
Beacon, that's why we can't use 32 ms Super-frante31us TS's (and therefore 16 ms super-frame).

For all the previous reasons, a 64 ms super-framend 1024 TS's, is the best solution.

Number of 1600 bytes | Number of 1100 bytes Number of 200 bytes
Number of slots| packets sent in one slot packets sent in one slot time| packets sent in one slot
per time (Throughput = (Throughput = 1000 meg time (Throughput =
32 ms frame 1000 meg bits/s) bits/s) 1000 meg bits/s)
16x16 = 256 1 slot = 9 packets 1 slot = 14 packets 1 slot packets
TS =125 ps
32x32 =1024 |1 slot = 2 packets 1 slot = 3 packets 1 slot =phekets
TS=31pus
64x64 = 4096 |1 packet = 2 slots 1 packet = 1 slot 1 slot = &kpts
TS=7,8us
128x128 = 1 packet = 7 slots 1 packet = 5 slots 1 slot =ckets
16384
TS=19us
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8.5 16 ms Superframe Example

Number of slots| Number of 1600 bytes | Number of 1100 bytes Number of 200 bytes

per packets sent in one slot packets sent in one slot time| packets sent in one slot

16 ms frame time (Throughput = (Throughput = 100 meg time (Throughput =
100 meg hits/s) bits/s) 100 meg hits/s)

16x16 = 256 1 packet = 3 slots 1 packet = 2 slots 1 slot =ckets

TS =62,5ps

32x32 =1024 |1 packet =12 lots 1 packet = 8 slots 1 packesto®

TS =156 pus

64x64 = 4096 |1 packet = 48 slots 1 packet = 32 slots 1 packediotd

TS=3,9pus

128x128 = 1 packet = 192 slots 1 packet =128 slots 1 paclkdsiots

16384

TS=0,9 us

Number of slots| Number of 1600 bytes | Number of 1100 bytes Number of 200 bytes

per packets sent in one slof packets sent in one slot time| packets sent in one slot

16 ms frame time (Throughput = (Throughput = 1000 meg time (Throughput =
1000 meg bits/s) bits/s) 1000 meg hits/s)

16x16 = 256 1 slot = 4 packets 1 slot = 7 packets 1 slot =&&kpts

TS =625 ps

32x32 = 1024 |1 slot =1 packets 1 slot = 1 packet 1 slot = ekpts

TS =156 us

64x64 = 4096 |1 packet = 4 slots 1 packet = 4 slots 1 slot =¢kets

TS=3,9us

128x128 = 1 packet = 16 slots 1 packet = 16 slots 2 slotpackets

16384

TS=0,9 us
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8.6 PHY Header examples

8.6.1 VLC PHY Header example

Figure 70 : VLC PHY HEADER

The PHY header is defined in Document 1D4.2. FigiPe is a VLC PHY header example, It contains 2byt
for bit clock recovery, 2 bytes for the frame lem@PLCP Header + Frame Payload + FCS) and onefbiytae
MAC Frame data rate.

8.6.2 IRC PHY Header example

Loy 12,3, 4

Figure 71: IRC PHY HEADER

The PHY header is defined in Document ID4.2. Figitds an IRC PHY header example, It contains 2@dy
for bit clock recovery, 2 bytes for the frame lem@PLCP Header + Frame Payload + FCS) and onefbiytae
MAC Frame data rate.
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