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1 Abbreviations

AC
AIFS
ASTM
CCH
CW
DSRC
ECMA

ETSI
EU
IEEE
ISM
ITS
MAC
MIMO
OFDM
PHY
QoS
SAR
SCH
SUN
VANET
V2I
V2V
WAVE
WBAN
WIMAX
WMAN
WPAN
WRAN
6LoWPAN

Access Class

Arbitration Inter-Frame Space

ASTM International (originally American Socjetor Testing and Materials)
Control Channel

Contention Window

Dedicated Short Range Communications

ECMA International (originally European CompuManufacturers
Association)

European telecommunications Standards Inistitut
European Union

Institute of Electrical and Electronics Engine
Industrial, Scientific and Medical (radio bahds
Intelligent Transportation Systems

Medium Access Control (layer)
Multiple in, multiple out

Orthogonal Frequency-Division Multiplexing
Physical (layer)

Quality of Service

Specific Absorption Rate

Service Channel

Smart Utility Network
Vehicular Ad-hoc Network
Vehicle to Infrastructure (communication)
Vehicle to Vehicle (communication)
Wireless Access in Vehicular Environment
Wireless Body Area Network
Worldwice Interoperability for Microwave Aces
Wireless Metropolitan Area Network

Wireless Personal Area Network

Wireless Regional Area Network

IPv6 over low power wireless personal aretworks
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2 Introduction

This report looks into current status of relevaireless IEEE standards. Possible uses are
reliable wireless control bus in working machin@ieanment and non-critical data
transmission between working machines. For moréopral technical analysis of most of
these technologies can be found in Radio Standardi$rotocols.

In chapter 3 is summarized some essential IEEHegsestandards and amendments both
published and under develoment. Standards areided@hortly with their status except
draft 802.11p which is descibed in more detail. &dproved and published standards can be
distiguished by the publication year attached &rthames.

In Appendix A standards are presented in sheetdbfan reference.
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3 Statusof standards

3.1 WPAN

3.1.1 IEEE std 802.15.6

This project is governed by WPAN task group 6, ibutlated more to Wireless Body Area
Networks (WBANS). The purpose of this standaraipriovide an international standard for
short range, low power and highly reliable wirelesexmunication for use in close proximity
to, or inside, a human body. Specific AbsorptioneR4SARS) are considered to keep
radiation minimized into the body. Extremely lowyer and data rates up to 10 Mbps is
required. ISM bands and other frequencies apprbyathtional authorities can be used.
Current Personal Area Networks do not meet mediedlrelevant communication
regulations for some application environments. [1]

Task group for this standard was formed in Noven20€7 and its work is currently at open
discussion and proposals level. Last published meti was minutes from plenary meeting
in Montreal, Canada held in May 2009. [2]

3.1.2 IEEE std 802.15.1-2005

This standard specifies MAC and PHY layers of Bhath version 1.2. Later versions of
Bluetooth will not become future IEEE standard$.TBe standard specifies 1 Mbps of
maximum data rate. It uses frequency hopping tegtenwith 79 frequencies channels.
Newer Bluetooth specifications up to 2.1 are backveampatible with Bluetooth 1.2. That
has data rates theoretically up to 3 Mbps. Bluétémty energy technology formerly known
as Wibree is an additional protocol stack which epeonsumption is reduced substantially.

3.1.3 IEEE std 802.15.3-2003

This standards primary objective is to offer higltadrate communications of about 10 m
radius. Low complexity, low cost and low power comgption were desired parameters. Link
robustness is important but unlike WLAN it is acizdgbe for user to move closer to establish
it. It operates on 2.4 GHz band and data rateléxtedle from 11 Mbps to 55 Mbps.[4]

802.15.3b-2005

This published amendment is for MAC sub layer tppgut emerging multimedia
applications, also lower latency data transfer. [1]

802.15.3c

This is an interesting amendment to the 802.15@3Xdandard “High Rate Personal Area
Networks” for fixed, portable and moving devicdssla millimeter-wave based alternative
physical layer extension especially for multimealgplications. The standard will define a 25
-100 GHz physical layer for higher data rate. Datas will be at least 1Gbps under normal
operating conditions with a typical range no ldemnt10 meters. [1] According to 802.15.3c
unapproved draft D08 dated March 2009 there ateadrels utilizing frequencies 57.240 —
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66.880 GHz, leaving over 2 GHz per channel [5].tTdfers superior coexistence than
existing 802.15.3 wireless systems.

The amendment has reached Sponsor Ballot 2 of Dogtz].

3.1.4 IEEE std 802.15.4-2006

This standard specifies low rate, ultra low powliYRand MAC layers for WPANSs. 2.4GHz
and 868/915 MHz bands are specified. Typical prtmclude Zigbee and 6LoWPAN,
IPv6 over low power wireless personal area netwak# lower overhead is needed e.g.
nanolP could be used.

802.15.4a-2007

This published amendment specifies alternate PldWsrate WPANS, a Chirp Spread
Spectrum (CSS) and Ultra Wide Band (UWB) solutidmgpovements are precision ranging,
communications range, robustness and mobility. Mth&ér amendments are under
development at the moment. [1]

CSS is operated at 2.4 GHz band and UWB at bantls- 750 MHz, 3.1 — 4.8 GHz and 6,0
— 10.6 GHz. Standard offers data rates up to 1 Mipgeoloc radios by Nanotron
Technologies can reach up to 2 mbps [6].

802.15.4e

This amendment provides enhancements to MAC: TDdhannel hopping, improved
CSMA, asymmetrical keys in security and low latefaycontrol applications. Functionality
facilitates industrial applications (such as adskeesby HART 7 and the ISA100 proposed
standards). [1] Task group 4e has defined the egtpn spaces that it will address along
with the MAC behavior changes/additions that atpir@d to enable those application
spaces. [7]

802.15.4f

This amendment provides for low cost, ultra lowrggeconsumption, flexible and highly
reliable communication means and air interfacequaltfor Active RFID and sensor
applications. The air interface supports a wideyeanf needs for active RFID systems and
enable improved performance and flexibility for magployments of active RFID systems
around the world. [1] Call for PHY proposals foethext task group meeting is active [8].

802.15.4g

This work group creates an alternate PHY layeSimart Utility Networks (SUN), large
scale process control for geographically diversgarenments. Much larger frames up to
mimimum of 1500 octets. Operation in any of theaoaglly available license exempt
frequency bands, such as 700MHz to 1GHz, and th&BRlz band. Networks can grow
potentially to millions of fixed endpoints. [1] Cébr proposals was issued in January 2009
and presented in March plenary meeting.Call foliegfions was issued in February 2009
and 22 final proposals were presented to task giroijay. [9]
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3.1.5 ECMA-368/9 (2008)

IEEE 802.15.3a task group was set to create UWitlata and it had two mutually

exclusive architecture proposals on the table,supported by WiMedia Allliances and
another by UWB Forum. Since the situation was iaditeck the task group was disbanded in
January 2006. WiMedia Allliance’s proposal was dtadized as ECMA standard in
December 2005. [10]

WiMedia Alliance’s UWB radio platform is described ECMA-368 and the MAC-PHY
interface for it is described in ECMA-369. Bothrefards have reached third edition in
December 2008 only with some editorial changesl2]1 Standards were approved as
ISO/IEC standards in 2007 [13,14]. ETSI has puklisBCMA-368 as ETSI TS 102 455
V1.1.1 in January 2006 [15].

Data rates theoritically up to 480 Mbps for shariges are supported. Practically conforming
devices should reach maximum data rate of 200 Mbpsub bands 528 MHz each can be
used. [11,14]

3.2 WLAN

3.2.1 IEEE Std 802.11-2007

This standard incorporates amendments 1 throughl&ding e.g. a, b, g, and corrections and
clarifications to the 802.11 standard.

802.11n

This amendment will define standardized modificagito both the 802.11 PHY and the
802.11 MAC layer with a maximum throughput of &de100 Mbps [1]. It will implement
MIMO-OFDM at 2.4 and 5 GHz. Better range is prodidey multiple antennas and 5 GHz
band offers less radio interference than crowdédsHz.

Latest draft is recirculation draft 10.0 which maeached IEEE-SA sponsor ballots and is
dated 15.5.2009. The standard IEEE 802.11n is fmib&shed in November 2009 [16].

802.11p

Amendment 802.11p is a technique for Vehicular AetHetworks (VANET). 802.11 task
group p will define enhancements to 802.11 requioeslipport Intelligent Transportation
Systems (ITS) applications in high-speed vehicdrenment.

At the moment latest draft of standard 802.11paskvgroup letter ballot recirculation draft
6.0 dated 31.3.2009. According to 802.11 offidiaddlines this amendment should be
published in June 2010. [16]

This amendment is based on ASTM E2213-@aridard Specification for
Telecommunications and Infor mation Exchange Between Roadside and Vehicle Systems - 5.9
GHz Band Wireless Access in Vehicular Environments (WAVE) / Dedicated Short Range
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Communications (DSRC) Medium Access Control (MAC) and Physical Layer (PHY)
Soecifications'. [17]

WAVE uses 802.11a with modifications for adaptintpibe suitable in vehicular
environments, association/authentication, usagpedific transmit power and of multiple
channels with different bandwidth per channel ttafined in the IEEE 802.11a standard.
Basic algorithms and modulation schemes are un@thng

WAVE is a mode of operation for use by IEEE Std.&Q@Zevices in environments where
the physical layer properties are rapidly changind where very short-duration
communications exchanges are required. Wirelessmomntation in vehicular environment
takes place in potentially rapidly changing comneations environments and in situations
where transactions must be completed in time framgsh shorter than the minimum
possible with infrastructure or ad hoc 802.11 neks0[18]

WAVE utilizes upper 5 GHz band. Frequencies oriljynglanned for North America but

later EU also reserved 5.9 GHz band for vehicldiegions. Vehicle-to-vehicle (V2V) and
vehicle-to-infrastructure (V2I) communication am@spible up to 1000 meters distances while
operating at speeds up to a minimum of 200 km/h. [1

Channel coordination

Channel access in WAVE is contention based. Userifyruses the IEEE 802.11e Enhanced
Distributed channel Access (EDCA) mechanism [19].

One channel is used at a time so stations havéetoate between Control Channel (CCH),
one of the Service Channels (SCHSs), or safety alaApplication messages are categorized
into different Access Classes (ACs), or prioritiies,channel access. ACO is the lowest and
AC3 is the highest priority and there’s a packetupifor each as seen in fig. 1

User priority works so that AC’s are given indivadwArbitration Inter-Frame Space (AIFS),
a minimum time interval between wireless mediunopeiag idle and the start of
transmission frame. Contention Window (CW) is aefival from which a random number is
drawn to implement the random back-off mechanison.tke first attempt a random selection
between 0 and CW, is committed. So user backs off for a while befoegy attempt. If
channel is accessed Transmit Opportunity (TXOP)licaib the time duration for which a
station can transmit. If channel is not accesdatips can keep trying until both G\ (fig.

2) and maximum number of tries is reached. Lowrfigidransmissions will have longest
wait times as seen in fig. 3.
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Fig. 1. An example of WAVE MAC with channel coordiron [19].
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Fig. 2. An example of exponential increase of C\W§][2
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Fig. 3. Wait times for the access categories cabgemntention in WAVE [21].

The operational environment of WAVE is demandingryshort latencies are required, and
some applications must complete multiple data exgbs within 4 to 50 ms [1]. That sets
high requirements for the channel access and pacdleetes. Some reports show that in
simulations where increasing number of nodes sgrligh priority messages, collision
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probability increases significantly [21,22]. Thaaynprevent distribution of time critical
messages. In fig. 4 is showed the effect of low §l¥¥s, meaning high priority packets are
being sent, with increasing number of nodes. Tlobdaility for collision free channel
decreases dramatically.

Probability for collision free channel access

] W i 1§ 18
Mumber of nodes

Fig. 4. Probability for a collision-free channetass for different CW sizes [21].
Related protocols

Upper layer protocols for the WAVE architecture:ar
* |EEE std 1609.1-2006 “Resource Manager”
* |EEE std 1609.2-2006 “Security Services for Apalions and Management
Messages”
* |EEE std 1609.3-2007 “Networking Services”
* |EEE std 1609.4-2006 “Multi-channel Operation” (I@¢Aextension layer to WAVE)

3.3 WMAN

3.3.1 IEEE std 802.16-2009

In this standard is defined worldwide multivendateroperable wireless access of fixed and
mobile point-to-multipoint broadband wireless asc@8AC is structured to support multiple
PHY specifications. In May 2009 802.16-2004 hamhgasdated to 802.16-2009 and most
amendments have been rolled up under the sameastiaindluding e.g. 802.16e Mobile
WIMAX.

3.3.2 IEEE std 802.20-2008

Mobile broadband wireless system using licensedi®ander 3.5 GHz. Peak data rates per
user are excess of 1 Mbps. It has support for wdnienobility. It has two operating modes
which both have their own PHY and MAC layers. Oredmis supporting 625 KHz multi
carrier mode and one wideband. [1,23]
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4 Conclusions

There are some standards that might be suitableliable low delay control bus over short
ranges.

IEEE 802.15.1 is designed for consumer electromsécsiobile phones, digital cameras etc.
Frequency hopping provides some protection fromrfatence and allows better use of
limited band. Range can be expanded by higherriramower from few meters to nearly
hundred. Nonetheless it is not optimized for rdédbw delay transmissions.

802.15.4 is designed for low power low data rathmelogy sensor networks. The standard
is however being upgraded, the 802.15.4e amendengnis concentrating on industrial
applications and high reliability control networksoffers better tolerance for interference
and low latency. But that amendment may take same to finish.

802.15.4a is designed to be robust radio techndloggmanding environments. Both CSS
and UWB physical layers are unsensitive for radterference and multipath fading. UWB
offers much better coexistence than other 802 .tEgdnologies which operate at 2.4 GHz
band.

High rate WPANSs, 802.15.3 and ECMA-368/9, are desigfor neither high reliability-low
latency nor long range use. Their main use is ortglange multimedia applications.
Although 802.15.3b offers some minor optimizationtatency etc. and ECMA-368 utilizes
UWB technology which has good interference toleeanc

Communication between machines requires range rditand sometimes less strict link
reliability. In the 802.11 technologies, communicatrange is lucratively combined with

high data rate. 802.11p is a very interesting fpagyiwith ranges up to 1 km, however it

will not be published until a year or so from now.

WMAN technologies are designed for operator netwoRange is good but licensed bands
and operator access points are used.
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WPAN
Standard (-year,| Frequency| BandwidthBitrate Range | Bandwidth | Modulation
if approved) (approx.) | efficiency
IEEE 802.15.6* | ISM + <=10 Inside or
others Mbps vicinity
of body
IEEE 802.15.1- | 2,4 GHz |1 MHz 1 Mbps |10 m 1 bps/Hz | GFSK
2005 (<100 m)
IEEE 802.15.3- | 2,4 GHz | 15 MHz 11to 55| <100 m | <=3,7 QPSK,
2003 Mbps bps/Hz DQPSK,
16/32/64-
QAM
IEEE 802.15.3C| 57-64 2,16 GHz | >=1 10 m n/2 BPSK,
GHz Gbps /2 QPSK, 8-
/2 QPSK,
16-QAM
IEEE 802.15.4- | 2,4 GHz |5 MHz 250 kbps| <100 m | 0,125 0-QPSK
2006 868 MHz 20 kbps bps/Hz
IEEE 802.15.4a-| 2,4 GHz | 20 MHz, | 1000 <100 m | 0,045 DQPSK-
2007 CSS for kbps bps/Hz DQCSK
ranging 80
MHz
IEEE 802.15.4a-| 250-750 | 500 MHz | 851 kbps| <100 m | 0,002 BPM-BPSK
2007 LR UWB | MHz 3,1- bps/MHz
4,8 GHz
6,0-10,6
GHz
ECMA- 3,1-10,6 [528 MHz |<=480 |<10m <=0,9 MB-OFDM
368:2007 GHz Mbps bps/Hz
ECMA-
369:2007
(ISO/IEC
26907:2007
ISO/IEC

26908:2007)

*|EEE 802.15.6 can be considered also as Wirelesty/Birea Network (WBAN).




14 (14)

WLAN
Standard (-year, if Frequency | Bandwidth | Bitrate Range Bandwidth | Modulation
approved) (approx.) efficiency
802.11a-1999* 5 GHz 20 MHz 54 Mbps 100 m 2,7 bps/Hz | OFDM, BPSK,
QPSK, 16QAM,
64QAM
802.11b-1999* 2,4 GHz 20 MHz 11 Mbps 100 m 0,55 DSSS, BPSK,
bps/Hz QPSK, CCK
802.11g-2003* 2,4 GHz 20 MHz 54 Mbps 100 m 2,7 bps/Hz | OFDM, BPSK,
QPSK, 16QAM,
64QAM
802.11n 2,4/5 GHz | 40 MHz 150 Mbps | 160 m 3,7 bps/Hz | OFDM
and
higher
802.11p 5,9 GHz 10 MHz ? <=1000m | ? OFDM
(5,8 GHz)
*amendments a, b, g along others are rolled upmmesstandard, 802.11-2007.
WMAN
Standard (-year, if Frequency | Bandwidth | Bitrate Range Bandwidth | Modulation
approved) (approx.) efficiency
802.16-2004 10-66 GHz | 28 MHz 134 Mbps | 5 km 4,5 bps/Hz | QPSK, 16QAM,
(superseded) <11 GHz 64QAM
802.16-2009* 5-6 GHz
802.16a-2003 2-11 GHz 20 MHz 75 Mbps | 10 km 3,7 bps/Hz | BPSK, QPSK,
16QAM,
64QAM, OFDM
802.16d 2-11 GHz 25 MHz 75 Mbps | 8 km 3 bps/Hz BPSK, QPSK,
16QAM,
64QAM
802.16e-2005 2-6 GHz 20 MHz 30 Mbps | 5km 1,1 bps/Hz | BPSK, QPSK,
16QAM,
64QAM, OFDM
802.20-2008 <3,5 GHz 625 kHz, 1024 6 km 1,0 bps/Hz | OFDM,
Wideband | (down) / 24/32/64-QAM
300(up)
kbbps

*802.16-2009 includes a, d and e amendments.




