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INTRODUCTION

During the 1980s, the use of LANs grew at aphenomen al rate. The late - 1980s, in particular, saw user application requirements and

bandwidthneedscometogetherwithmore powerful processors. Asthe numberof PCsattached to LANsgrew, sodidtheindividua Istation's
needforbandwidth. Thisincreasedusage  ofthe networkresulted inreduced performance sothatnetworkswere segmented andthe average
LAN size actually started to decrease. The LAN interconnection market grew out of the resulting need to interconnect LANSs ove rcampus

and wide areas.

Concurrent withthe growthintheuse ofPCsandLANs,newvoiceanddataservicesbecame availablefrompublic networkservice provider S.
The middle- tolate -1980s saw the introduction of the Integrated Services Digital Network (ISDN). The integration of voice and data
on a single network offers long -term economic advantages for both the customer and the service provider; the customer needs only a

single ISDN port per office instead of separate voice and data jacks, while the service providers only have to maintain and manage

a single network rather than two.

ISDNSs provide a viable WAN alternative interconnecting LANSs, hosts, and PCs for a number of reasons. First, ISDNs will incorp orate
packet- switching services, including support for X.25 and frame relay, meaning that the current investment in this equipment will
beprotected. Second, voice/dataterminalswillbecome more commonplace asISDN service expandsandintegratedvoice/dataapp lications
become more common. Voice/data terminals will need to be intelligent d evices and PCs provide a logical basis for this type of

communications equipment.

Finally,the  physical integrationofvoice,image,video,anddataonasinglenetworkwillresultinnewapplicationsthatwill logically
integrate these differentinformat ion streams. Human beings are, by our nature, multi - media. We communicate better with a combination
ofwords,images, video,and numerical data ratherthanthroughonly asingle medium. Once voice anddataare storedand carr iedthrough
thesameswitchesa ndacrossthesametransmissionfacilities,vendorswillcreateapplicationsthatuseallofthesetypesofinformation.

This is also the promise of Broadband ISDN (B -ISDN) services made available across Asynchronous Transfer Mode (ATM) networks.

THE IEE 802.9 STANDARD

The Institute of Electrical and Electronics Engineers (IEEE) 802 committee has been instrumental in creating local and metrop olitan
area network standards for the international community since its inception in 1980. The IEEE 802 committee was originally composed
of 6 working groups, with new ones being added as new projects were developed. In February 1986, the IEEE 802 Executive Commi ttee
formed an ad hoc study group on integrated voice/data (IVD) LAN solutions. Within a year, the IEEE 802 .9 Working Group was formed
withacharterto provide aninterface forthe "marriage of LANsandISDN." Theworkinggroup begantodefineastandard VDL ANinterface
that was compatible with already existing IEEE 802 LAN and International Telecommunication Union Telecommunications Standardization
Sector (ITU TSS, formerly the CCITT) ISDN standards, architectures, and services.

The scope of the work charged to the IEEE 802.9 working group is:

T To develop an integrated voice/data service interface at the niedh access control (MAC) and physical layers that is compatible with other IEEE 802
standards and ISDN standards;

T To develop an interface that operates independently of the backbone network; and

1 To focus on the use of unshielded twisted pair (UTP) asphienary distribution medium. This point is particularly important because of the
near-pervasiveness of UTP and the excess bandwidth and capacity that is usually present when UTP is employed for such apdisstiires

For successful deployment, the 8 02.9 standard must also:
T Be attractive to both manufacturers and users from the perspectives of economy, installation, and network operation;
1 Support the quality of voice service available today and expected improvements in the future; and

1 Allow for theimplementation of a range of both centralized applications (e.g., connection to the public telephone network via a privatedhr
exchange) and distributed applications (e.g., access to shared databases via a LAN file servers and hosts).

By the end of 19 90, the IVDLAN standard was almost completed but industry support had fallen off so much that the project was nearly
terminated. AsISDNand multimediaapplicationsbecame increasingly available, however, newenthusiasmwasfoundforthiswor k.Renamed


mailto:kumquat@sover.net

the Integrated Services LAN (ISLAN), the IEEE 802.9 standard was approved as a standardin the fall of 1993 and the vendor involv

in this activity suggests that products will be available by 1995.

ISLAN OVERVIEW

The ISLAN standard defines an interface

provides a high bandwidth interface to the desktop in support of packet data service and isochronous (time

is intended for operation over an

unshielded twisted pair medium.
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Figure 1 showst he scope of the IEEE 802.9 standard. ISTEs are connected to an access unit (AU) in a physical star topology. These

ISTEs may take on many forms; a voice TE, for example, might be a telephone, while a

data TE might be a PC. A digital bit stream is

sentover eachpoint -to - pointlink betweenan ISTE and the AU, carrying packet data or isochronous data (such as voice, image, video,

and facsimile). These different traffic flows are carried in separate channels on the line using time division multiplexing (

The 802.9 standard describes the interface between the ISTEs and the AU.
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FIGURE 2. IEEE 802.9 ISLAN interface configuration.

From the perspective of the ISTE, 802.9 only defines the interface to the AU and all of the services appear to be provided by the
AU. This implies thatt  he 802.9 standard can apply to two general scenarios. In the first scenario, the ISTES are connected to a

stand- alone LAN, in which case the AU actually does provide the integrated services. In the second scenario, the ISTES access an
integratedservicesb  ackbonenetwork,inwhichcase the AUismerely agatewaytothe backbone. Thisbackbone networkmaybe an existing

IEEE 802 LAN, an ISDN (narrowband or broadband), a Fiber Distributed Data Interface (FDDI) metropolitan area network, or an | SLAN
(such as 8 02.6 or FDDI - 1I). Figure 2 shows some of the possible interface configurations. The AU -to - backbone connection is beyond
the scope of the IEEE 802.9 standard and, in any case, is transparent to the ISTEs.

CHANNELS

Oneofthebasic conceptscommontolSDN andthe 802.9 standard isthat of multiple communications channelssharingthe physicalmedium
simultaneously.ISDNand 802.9 needto supportmultiplechannels because eachchannelhasaspecific purpose orapplication. Theeasiest
way to view the multiple channels is to compare them to having a multi -line telephone, where each line on the telephone might serve

a different user at any given point in time.

The multiple channels share the same physical medium by using time division multiplexing. A TDM system assigns every channel a fixed
amount oftime on the mediumat specified intervals. The time - divisionmultiplexed bit stream between the AU and ISTE comprise several
different full - duplex digital channels, each defined for a different purpose. These channe Is are:

1 The Rchannel, orpacket data channelprovides an IEEE 802 MAC service for packetle (bursty) data. The IEEE 802.9 MAC sublayer for the
P-channel is described below.

T The Dchannel, orsignalling channelis a 16 or 64-kilobit per second (kbpschannel that corresponds to the ISDNdbannel. In an ISDN, the
D-channel is used primarily for the exchange of signaling information between the user and the network for the provision ofaséces (called
bearer services The ITUTSS Q.930 protocdamily is used for usenetwork signaling for call control and the access to bearer services. The
secondary function of the ISDN-Ehannel is to carry user packehode data. The 802.9 Bhannel may be restricted for usemetwork signaling in
some applicaibns, but other applications may support packet data transfer over this channel.

The ISDN basic rate interface (BRI) specifies use ot &l Dchannel, while the primary rate interface (PRI) uses al@¥ps Dchannel. The 802.9
standard will support loth rates, primarily to facilitate interoperability with today's ISDN BRI terminals.

1 The Bchannel, orbearer services channgis a 64kbps channel that is functionally identical to the ISDNcBannel. ISDN circuitnode bearer
services such as voice amitleo and, optionally, packetnode data services, are provided on thedBannel. A 64bps rate is used on this channel
because that corresponds to the rate of a single digital voice channel. Tveb@nels are required by the 802.9 standard, correspondioghe two
B-channels on the ISDN BRI.

1 The Gchannel, orcircuit switched channelis intended for circuit switched services that require a bit rate greater than that available from a single
B-channel. The €hannel operates in increments of 64 kbps; & used to indicate the size of the-€hannel, wheremis the number of 64kbps
multiples. Gchannels are conceptually similar to ISDNcHannels, which are higher rate channels equivalent to some defined number of
B-channels. The 802.9-€hannels correspid to ISDN Band Hchannels as follows:

G = B =64 kbps

G = Hh= 384 kbps

G4 = H1 = 1.536 megabits per second (Mbps)
Go = H2=1.920 Mbps



802.9 PROTOCOL OVERVIEW

The IEEE 802.9 protocol architecture is shownin Figure 3. Like other IEEE and ANSI L AN standards, these protocols correspond to the
physical and data link layers of the Open Systems Interconnection (OSI) reference model.

IEEE 802.9 (ON]

|  1802.2| Appropria te | |
|Layer | LLC | layer2 |LAPD| Data

[Mgmt. | ----- | protocol for | | Link

|Entity| MAC | isochronous | | Layer

| | (P)] service (B,C)|(D) |

| ------ R t- | ======
|  |Hybrid Multiplexing ( MUX)|

|[Layer | ------------m-emeemeeeee |

[Mgmt. | Physical Signaling (PS) | Physical
|Entity| ------------mmmm - | Layer

| | Physical Media |

| | Dependent(PMD) |

———— . | —=—=—===

FIGURE 3. IEEE 802.9 protocol architecture. (Appropriate

channel is shown in parenthesis.)

The 802.9 interface must provide support for a number of different services depending upon the user application and the channel being
used. For this reason, several different protocols are supported that correspond to the OSI data link layer:

1 The Rchannel is a packet data channel that will use a MAC scheme and frame format specific to the &@®dard. Like other IEEE 802 LANs (and
ANSI's FDDI), the IEEE 802.2 Logical Link Control (LLC) protocol acts as the upper sublayer of the data link layectuantine.P

1 The 802.9 Echannel is essentially the same as the ISDNHannel. Therefore, tk 802.9 access unit will use the same data link protocol as ISDN,
namely the Link Access Procedures for thelbannel (LAPD), described in FM$S Recommendations Q.920 and Q.921. ControlahB Cchannel
services will be accomplished using basic IS@N @ontrol procedures, described in the ITUSS Q.938eries recommendations. The-Ehannel can
also be used to support other ISDN services, such as frame relay and packet services, although this has not yet beenrdéimdaEE 802.9
standard.

T The B and Gchannels are used to carry bit streams related to the requested bearer services. As in ISDN, no data link layer is sfuedikeeder
channels since any protocol may be used that has been agreed to on aAr@rehd basis. The Bhannel was origially intended for any 64&bps
iIsochronous service, such as digital voice, but its scope has expanded to include other g¢mode services such as switched 56 and 64 kbps digital
data, and Group 4 (digital) facsimile. Packet data transfers typically utieee the ITUTSS Recommendation X.25 Link Access Procedures Balanced
(LAPB) or LAPD protocol. Thelannels, like ISDN-Ehannels, are wideband isochronous channels for higeed packetand circuitmode
services, such as higépeed data transfers, vide services, and image transfers.

The functions corresponding to the OSI physical layer are accomplished by three sublayers in the 802.9 protocol model. Briefl y, these
sublayers are:

1 Thehybrid multiplexing (HMUX) sublayemnultiplexes bits from the B, G, D, and Pchannels into a single bit stream between the ISTE and AU. This
sublayer provides the interface between the physical layer and the user/control information.

T Thephysical signaling (PS) sublayprovides an interface between the multiplexed bgtream and the actual physical bit stream on the line. The PS
sublayer appends maintenance information to the frame, calculates parity and adds the appropriate parity bit, scramblesttbigdam, and
appends framing information.

T Thephysical media depedent (PMD) sublayedefines the electrical and mechanical characteristics of the specific medium being used; in this case,
unshielded twisted pair. This sublayer defines the specific signaling scheme, cable and connector characteristics, andat¢lgoperties of the
transmitter and receiver.

Finally, the Layer Management Entities (LMES) are part of the overall network management facilities of the interface. Each su blayer
has a specificinterface to its LME. The combination of all LMEs and the inter - LME communication define the network's Management (MT)
entity. It is fully intended that the network management features of the ISLAN standard will conform to OSI standards for sys tem and



layer management. Furthermore, management of the ISLAN interface will also conform to those standards defined for managing the ISDN
user- network interface.

PHYSICAL LAYER FEATURES

The 802.9 standard specifies that the ISTE and AU should be connected over unshielded telephone twisted pairs (UTTP), as defi nedin
theEIA/TIA -568premiseswiringstandard. TwodifferentPMDshave beendefined, whichbalancedifferentspeedanddistancerequirements.

The low- speed PMD operates at 4.096 Mbps over a distance of up to 450 meters (m), using a Partial Response Class IV (PR4) encoding
scheme. A high-speed PMD operates at 20.48 Mbps over adistance of upto 135m, and uses a4 - point carrierless AM/PM (4 - CAP) encoding
scheme. Both PR 4 and 4 - CAP are used to achieve very high speeds over UTP in other standards, such as FDDI and ATM.

The physical connector for 802.9 ISTEs and AUs is an 8 - pin modular connector (specified in ISO standard 8877), commonly referred to
as an RJ45 This is the same connector specified for the ISDN basic rate interface and the IEEE 802.3 TYPE 10BASET standard. Pi n
assignments for the connector are:

PIN| FUNCTION

1 | ISTE Transmit

2 | ISTE Transmit

3 | ISTE Receive

4 | Not used

5 | Not used

6 | ISTE Receive

7 | Res erved

8 | Reserved
Asshown, pins1/2willbeusedfortransmissioninthe ISTE -to- AUdirectionand pins 3/6 willbe usedfortransmissioninthe AU -to-ISTE
direction. An interface power supply to the ISTE is not a requirement of the standard, but pins 7/8 may be used for this purpose.
Furthermore, phantom power may be supplied by the AU over pins 1/2 and 3/6, although the standard does notinclude any specif ications
forthis. Thestandarddoesstate,however,thatanyfurther802.9workwithrespe cttopoweringshould,asmuchaspossible,beconsistent
with the ISDN BRI physical layer standard (ITU - TSS Recommendation 1.430).
The PS sublayer's major functions include frame synchronization and scrambling. Frame synchronization ensures that the tran smissions
between ISTE and AU remain aligned and that the receiver is correctly interpreting the incoming transmission. Scrambling of t he bit
stream prior to transmission helps reduce the affects of electromagnetic interference (EMI) and aids in clock reco very.
The HMUX sublayer must take the bits from the incomingB -, C -, D -, and P -channels and place them into a single outgoing bit stream.

The HMUX can operate in one of several modes:

T

Mode 0- IEEE 802 Service Only: This mode is used by devices thatimgemented only the 802.9 MAC and the entire payload is dedicated to the
P-channel. There is no support for other bearer services in this mode.

Mode 1- BRI ISDN Service Only: This mode is used by ISTEs that implement only the ISDN BRI and provigdpemés IEEE 802 data services or
the IEEE 802.9 MAC scheme.

Mode 2- 802 & BRI ISDN Service Only: This mode supports only the ISDN BRI and IEEE 802.9 data services. Dynamic bandwidth management
functions are not supported, meaning that the ISLANcRannel is not used.

Mode 3- Dynamic Bandwidth Management Service: This mode is for full support of ISLAN services, including the dynamic «$eaoh€ls and
bandwidth negotiation over the Bchannel.

Modes 4 through 7 are currently reserved for future de finition.

TDM FRAME STRUCTURE

The bit stream exchanged between an ISTE and the AU is called a TDM Framé single TDM frame carries data from the B -,C-,D-,and
P- channels, as well as additional synchronization, control, and maintenance information. A T DM frame is generated 8,000 times per
second, or once every 125 microseconds; this corresponds to the sampling rate necessary to digitize human voice. Each octet ( 8 bits)
in the frame, then, represents a 64 - kbps channel.

The 802.9 standard supports anISD N BRI, which comprisestwo B -channelsand asingle D -channel(designated Z2B+[ Since eachchannel
in an 802.9 TDM frame operates at 64 kbps while the ISDN BRI D - channel operates only at 16 kbps, the 802.9 D - channel will support
both rates.
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FIGURE 4. IEEE 802.9 TDM frame formass.

Figure 4a shows the default TDM frame structure, comprising the following fields:

1 Synchonization (SYN): Used to establish TDM frame synchronization between the ISTE and AU. The SYN field contdiisanTe Alignment
Word that, when detected, indicates the first octet of the frame. (The eighth bit is reserved and currently unused.)

T TDM Maintenance (TDM_MTN): Used to transmit local physical layer status and control information to the device at the other éhd k. This
octet is controlled by the layer management entities at the two ends. Functions include loopback testing and éwgking.

T Hybrid Multiplexer Control (HMC): An 802.9 ISLAN interface can support a variety of services that may require dynamic bnaleichtion.
ISDNilike call control mechanisms will be used on theddannel for this purpose. The configuration ofélbandwidth within the TDM frame,
however, must use some procedure so that a given ISTE and AU are always in agreement about their use of the TDM chasrfedkl Hdicates
the speed of the Bchannel (16 or 64 kbps), the mode of the HMUX30as desdbed above), and whether the exchange of this information is
complete or not.

T Reserved (RES): Reserved channel; use to be determined.

1 D: The 160r 64-kbps Dchannel. The Bchannel may be restricted to conveying signaling information only. All informatiio this channel will be
packetized according to the ISDN call control procedures defined in Recommendation Q.930.

1 B1 and B2: One octet from each of the two ISDNH&annels. The Bhannels may be used for any ISDN bearer service and may besmgiched,
packet switched, or circuit switched.

T Access Control (AC): This field contains information related to the 802.9 MAC scheme for¢harfhel, which is briefly described below.

1 Payload: The Payload field has two parts. The first octet is called the Sendientifier (SID) and indicates the format of the data to follow. Current
SID options support use of an 802specific frame format (described below) or LAPD. The remaining octets are called the Payload Information field
and carry Pand/or Gchannel data Gechannels will carry isochronous (time sensitive) information. Therefore, time slots within this field will
usually be preallocated for the Gchannels and extra time slots will be used to carry n@mochronous Rchannel data.

The smallest supported TD M frame contains 64 octets; at 8000 frames per second, then, thisyields a line rate of 4.096 Mbps. At rates
above 4.096, the AC field may need to be periodically repeated to minimize buffering, as in the 20.48 Mbps TDM frame shown in Figure
4b.



MAC FRAM STRUCTURE

P- channel data will be carried in an 802.9 MAC frame which, in turn, is transported in the Payload field of a TDM frame. Figure 5
shows the fields of the MAC frame, which are described below:

1 Length (LEN): A-@ctet field indicating the lengthof the MAC frame, excluding the Length and FCS fields. The maximum MAC frame size is 5,119
octets.

1 Frame Control (FC): Adctet field containing the priority of the frame. The priority is a3t value from O (lowest) to 7 (highest). The remaining bits
are reserved and set to 0.

1 Destination Address (DA) and Source Address (SA) fields: Specifies the address of the intended destination station(s)ffanthiand the address
of the station sending this frame, respectively. The address fields are 48ibitsngth and conform to other IEEE 802-8B addresses. The first
address bit transmitted in the DA field is called thedividual/group (I/G) bit and indicates if this address specifies an individual station or a group
of stations. In the SA field, th&#G-bit is set to 0 and ignored. The second bit transmitted is called timéversal/local (U/L) bitand indicates whether
the specified address is part of a localydministered addressing plan (0) or administered by a central authority, such as the (EEEhe remaining
46 bits contain the actual station address. The-## field yields roughly 64 trillion possible station addresses.

T Information: This field contains up to 1500 octets of user data.

T Frame Check Sequence (FCS):0ktét field containingthe remainder from the CRG2 calculation, used to detect bit errors in the SID and MAC

frame.
| LEN | FC | DA | SA | Information |FCS |
2 1 6 6 4
FIGURE 5. Fchannel MAC frame format.
MAC frames will, in all likelihood, be larger than a single Payload field and, therefore, 802.9 MAC frames will have to be fr agmented

so that they can be carried in m ultiple Payloads. A bit in the AC field indicates whether the following Payload contains the first
fragment of a frame or not.

P-CHANNEL ACCESS CONTROL

The802.9standarddefinesapoint  -to-pointP - channelsothatanISTEcanaccessLANservices(Figure 6). ThebandwidthofeachP -channel
will vary according to the services offered by the individual ISTE. Furthermore, the bandwidth available for the operation of agiven
P- channelwilldepend upon how much of the payload fields reserved for P - and G channds are dedicated to the isochronous C - channels.

ISTE| [ISTE| |ISTE|0o0o0 [ISTE|
1] 12 ]3] | n |
— e — - c—— - — -

I I I I
P1 P2 P3 ooo Pn

FIGURE 6. Each ISTE has a poirb -point P -channel
connection to the AU. The bandwidth of the P -channels

will vary according to the needs of the individual ISTEs



and the total available bandwidth.

Accesstothe P -channel by the ISTE and AU is controlled by a scheme called the Request/Grant protocol. The Request/Grant protocol
has the following general characteristic S:

T It is associated only with the transmission of 802.9 MAC frames on thehBnnel.
T The transmission of MAC frames from an ISTE to the AU is governed and controlled by the AU.

T The transmission of MAC frames from the AU to an ISTE may or may not bemedand controlled by the intended ISTE receiver; if configured,
the AU may send MAC frames to an ISTE whenever it is ready without waiting for permission.

Ingeneral, the Request/Grant protocol works as follows (Figure 7). The AC field of the TDM frame contains one GRANTbitand 3request
bits, called REQ3, REQ2, and REQ1.

ISTE ACCESS UNIT

| |

PDU eady to | |

be sent... | |
|--- REEbit=1 - >|
| |
| | A llocate buffer...
| |
| | Ready to receive...
|< —-mmmmmmeeee GRANBit=1 - |
| |

Send P... | |
| --- Payload = MAC frame --------- >|
| |
| --- Payload = MAC frame --------- >|
I 0 |
| 0 |
| 0 |
| --- Payload = MAC frame --------- >
| |

Finished... | |

FIGURE 7. The 802.9 MAC Request/Grant protocol.

When an ISTE isready to send aframe, it sets the appropriate REQ - bitthat corresponds to the MAC fr ame's priority (in the FCfield).
Although there is no direct relationship between the request priority in the AC field of the TDM frame and the priority value in the
FC field of the MAC frame, the standard recommends that frame priorities 6 and 7 mapto R EQ3 (high), 3through 5 map to REQ2 (medium),
and 0 though 2 map to REQ1 (low).

When the AU sees an incoming REQbit, it must ensure that adequate buffer space is available to accommodate P - channel MAC frames.
When it is ready to receive a MAC frame, it s ets the GRANTbit to 1 in a TDM frame going back to the ISTE. Note that if buffers in

the AU are availableforeachP  -channel, allISTEs could theoretically send 802.9 MAC frames simultaneously. Due to the bursty nature

of data traffic from the ISTEs, howe ver, AUs will probably be designed with fewer receive buffers than the number of P - channels; in
this case, some ISTEs may incur some delay before receiving permission to transmit.

When the ISTE sees the GRANTDit set, it may send one complete MAC frame. R ecall that a single MAC frame will probably be sent in
multiple Payload fields of 802.9 TDM frames.

This scenario would be reversed if the AU's transmissions are controlled by the ISTE.



COMPATIBILITY WITH OTHER STANDARDS

One of the major additions to th e current IEEE 802.9 specification are descriptions of how an ISLAN fits in with existing and emerging
protocols. Some of these interworking issues are:

T ITUTSS Recommendation Q.931 describes basic ISDN call control for the establishment, maintenarteeqramation of connections. IEEE 802.9
describes a subset of Q.931, call€d93x that can be used for ISLAN call control purposes for connections on ten@ Cchannels. Q.93x is very
similar to draft Recommendation Q.93B, describing DN extension® Q.931.

T Public ATM services started to become available in the U.S. in late 1993. 802.9 also describes how the TDM frame can lwkan@ppells in an
ATM network.

T Many addressing schemes are currently used in today's local and wide area networkagding IEEE 802 addresses, ITU TSS Recommendation E.164
international ISDN numbers, X.121 data network identifiers, F.69 telex addresses, and ISO data country codes. All of lieesessare independent
of each other using a different address format, codjrscheme, and length. IEEE 802.9 describes interworking between these different plans.

The IEEE 802.9 standard also provides a detailed specification of managed objects for the definition of network and layer man agement,
as well as security control for mu [timedia connections.

STATUS OF IEEE 802.9

Draft 20 (dated May 17, 1993) of the IEEE 802.9 standard was circulated for letter ballot in August 1993. It successfully pas sed the
ballot stage and was established as an official IEEE standard in the fall of 1 993.

Although no ISLAN products nor productannouncements have yet appeared on the market, several companies actively participated inthe
IEEE 802.9 standards process and have expressed interest in developing such products, including AT&T Paradyne (Largo, FL), Ericsson
(Anaheim, CA), Hitachi America (Brisbane, CA), IBM (Boca Raton, FL), LUXCOM (Fremont, CA), National Semiconductor (Santa Clar a, CA),
andNEC (Princeton, NJ). Stevens|nstitute of Technology (Hoboken, NJ) hasannouncedthat theywill provide abetatestsitefortesting

802.9 equipment and applications. Their Advanced Telecommunications Institute (ATI), in fact, has also expressed an interest in

developing a consortium to develop 802.9  -based products.

It is important to note that the 802.9 st andard and ISLAN products cannot stand alone since they are conceptually associated with
ISDN and B ISDN. The development of these products, then, will only succeed if there is concurrent deployment of ATM in the local
and/or wide area backbone.
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WLAN IEEE http://www.ieee.orqg

http://standards.ieee.org/getieee802/download/802.11

ToDS FromDS

802.11

-1999.pdf : Wireles s LAN Media Access Control (MAC) and Physical Control

Specifications
http://standards.ieee.org/getieee802/download/802.11a

-1999.pdf: Wireless LAN MAC: High - speed physical layer in the 5 GHz Band.

http://standards.ieee.org/getieee802/download/802.11b

-1999 Cor12001.pdf: Wireless LAN MAC: Higher - speed physical layer exte  nsion

in the 2.4 GHz band.

http://www.cis.ohio - state.edu/~durresi/presentations/802.11.pdf : "Wireless Data Networking IEEE 802.11 & Overview of IEEE 802.11b"

Wi-Fi  Wirekss LAN WLAN

WLANS WiFI
1. AP
2. WLAN
WLAN
APs WLAN
5 10 Aps
APs

AP

LAN WLAN
APS
APs WLAN
WLAN APs APs
APs APs

AP


http://www.ieee.org/
http://standards.ieee.org/getieee802/download/802.11-1999.pdf
http://standards.ieee.org/getieee802/download/802.11a-1999.pdf
http://standards.ieee.org/getieee802/download/802.11b-1999_Cor1-2001.pdf
http://www.cis.ohio-state.edu/~durresi/presentations/802.11.pdf

WLAN Architecture

Wi-Fi Cllenl
with wireless NIC

Wi-Fi Client
with wireless NIC

=

IEEE 802.11b
Speed:11Mbps
Range:<110 Meters
Band:2. 4GHz

Apcess Point

Wi Fi WLAN

http://www.javvin.com/wlan

\ WLAN
- Access Paint

|EEE 802.11g
Speed:54Mbps
Range:=110 Meters
Band:2 4GHz

RADIUS
Aulhennl::annn

IEEE &02.
Speed:108Mbps ~ 800Mbps
Range:<160 Meters

Band:2. 46

@ Large network: Cenralized architecture
with WLAMN controller to manage all 4Ps and clients

1in

L

Wi-Fi Client
with wireless NIC

Wi-Fi Client
with wireless NIC

&

IEEE 802 11a
WLAN Speed:54Mbps

Access POt pange:<100 Meters

@ Small network: Peer-to-peer autonomaous architecture
for intelligent APs to manage clients

-wifi -quide.html

http ://www.javvin.com/wirelessmap.html

WiFi Wirekess LAN Data Rates and Range

WLAN Wi Fi

Band:5GHz

WiFi LAN
WLAN  802.11a/b/g/n WiFi
50 75
802.11g 100 1
AP

802.11a/bl/g

/ 802.11b 802.11a 802.11g
DSSS/DBPSK | 1 Mbps 1 Mbps
DSSS/DQPSK| 2 Mbps 2 Mbps
CCK/DQPSK |5.5 Mbps¢ 11 Mbps 5.5 Mbps¢ 11 Mbps
OFDM/BPSK 6¢9 Mbps |6¢9 Mbps
OFDM/QPSK 12-18 Mbps|12- 18 Mbps
OFDM/A6QAM 24 ¢ 36 Mbps| 24 ¢ 36 Mbps
OFDMb4QAM 48 ¢ 54 Mbps| 48 ¢ 54 Mbps
802.11n

/
MIMO/BPSK  |6.5¢ 13.5 Mbps| 13.5-27 Mbps | 15¢ 30 Mbps
MIMO /QPSK |19.5¢ 26 Mbps | 40.5¢ 54 Mbps |45¢ 60 Mbps
MIMO /16-QAM |39-52 Mbps |81-108 Mbps |[90-120 Mbps
MIMO 64-QAM |58.5¢ 65 Mbps | 121.5¢ 135 Mbps| 135¢ 150 Mbps

802.11n

2 Mbps

54 Mbps
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Wireless Landscape

Rates and Range

Distance
T T T T T
200m 1.5km 15km 3A0km  50km

Cellular

CDMAfcdma2 00D
144Kbps - 3 Mbps

GSMUMTS
115Ebp=s - T4Mbps

WiFi WLAN 802.11n 802.11a 802.11b 802.11g

http://www.javvin.com/wlan -wifi -quide.html WLANW:I Fi
http://www.javvin.com/wirelessmap.html

Wi-Fi LAN Wi-Fi Wirekess LAN Frequency, Bands and Channels
Wi Fi IEEE 802.11b/g/n 2.4 GHz 2.4 GHz 14 20 MHz
5MHz 802.11a/n 5.0GHz 802.11n 20MHz
40 MHz
FCC 1 11 1- 13

802.11b 159 13 14 802.11b ID

IEEE 802.11a

MHz
EMEA

34 5170 - - X -

36 5180 X | x| - X

38 5190 - - X ]

40 5200 X | x| - X

42 5210 - - X ]

44 5220 X | x| - X

46 5230 - - X _

48 5240 X | x| - X

52 5260 X | x| - X

56 5280 X | x| - X

60 5300 X | x| - X

64 5320 X | x| - X
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100 5500 - X - X
104 5520 - X - X
108 5540 - X - X
112 5560 - X - X
116 5580 - X - X
120 5600 - X - X
124 5620 - X - X
128 5640 - X - X
132 5660 - X - X
136 5680 - X - X
140 5700 - X - X
149 5745 X - - X
153 5765 X - - X
157 5785 X - - X
161 5805 X - - X
IEEE 802.11b/g
MHz
EMEA
1 2412 X X X X
2 2417 X X X X
3 2422 X X X X
4 2427 X X X X
5 2432 X X X X
6 2437 X X X X
7 2442 X X X X
8 2447 X X X X
9 2452 X X X X
10 2457 X X X X
11 2462 X X X X
12 2467 - X X X
13 2472 - X X X
14 2484 - - X -
802.11n
802.11n 24G  5G 802.11n
MHz
EMEA
(36, 1) (40.1) 5190 X - X
(44, 1) (481) 5230 X - X
(52, 1) (561) 5270 X - X
(60, 1) (64;1) 5310 X - -
(100, 1) (104;1) 5510 - X -
(108, 1) (112;1) 5550 - X -

5G

40 MHz



(116, 1) (120;1) 5590 - x| - X
(124, 1) (128]1) 5630 - x| - X
(132, 1) (136]1) 5670 - x| - X
(149, 1) (153]1) 5755 X | - - X
(157, 1) (1611) 5795 X | - - X
Wi Fi

Wi-Fi Frequency Bands and Channels

Frequency Band

ISM:Industrial, Science
I5M &Medical
20-25GHz UNII:Unlicensed National
802.11b/g/n Information Infrastructure

802 11y Radio Space

v I l l
T FM Radic 3.85 - 37GHz in US Navigation Exploration

http://www.javvin.com/wlan _-wifi - quide.html ~ WLAN (Wii)
http://www.javvin.com/wireles  smap.html

Wi-Fi Wirekss Fidelity and Wi -Fi Network

Wi Fi IEEE802.11b 802.11a 802.11g 802.11n 802.11y Wi Fi
IEEE 802.3 Wi Fi 2.4 5 GHz
11 Mbps 802.11b 54 Mbps 802.11a 802.119g
10BaseT 802.11a 802.11b/g

Wi Fi Wi Fi 802.11 802.11

LANSs WLAN WEP

Wi Fi LAN WLAN PC WLAN
LAN

Wi Fi

IEEE 802.11 WLAN 1997
IEEE 802.11a 802.11 5 GHz 54 Mbit/s 1999
IEEE 802.11b 80211 55 11 Mbit's 1999
IEEE 802.11c IEEE 802.1D 2001
IEEE 802.11d 2001

IEEE 802.11e QOS 2005

IEEE 802.11f 2003 2006

IEEE 802.11g 802.11b  802.11a b 2003
IEEE 8021h 802.11a 5GHz 2004
IEEE 802.11i 2004

IEEE 802.11; 2004

IEEE 802.12007 80211 a b d e g h i | 2007
IEEE 802.11k

IEEE 802.11m

IEEE 802.11g  802.11a b g MIMO

IEEE 802.11p

IEEE 802.11r

IEEE 802.11s ESS

IEEE 802.11t WPP

IEEE 802.11u 802

IEEE 802.11v

IEEE 802.11w

IEEE 802.11y 3650-3700

IEEEB02.112 DLS

=A =2 =4 4 4 4 A4 A5 A5 A5 A5 -5 -5 A5 -5 -5 -5 -5 -5 -5 A A -5 A
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WLAN Architecture

IEEE 802.11g IEEE 802.11n

Speed:54Mbps Speed:108Mbps ~ B00Mbps
Range:<=110 Meters Range:<180 Meters
Band:2 4GHz Band:2 4G

T wean
Access Point

Q"'\-\.
Wi-Fi Client
with wireless NIC

%
Wi-Fi Client

with wireless NIC

-

IEEE 802.11b
Speed:11Mbps
Range:=110 Meters
Band:2.4GHz 1 @ Large network: Cenralized architecture

Access Point with WLAMN contreller to manage all APs and clients

@ Small network: Peer-to-peer autonomous architecture
for intelligent APs toc manage clients

WiFi WLAN

WLAN card Access Point WEP WAP 802.11b 802.11a 802.11g 802.11n 802.11y Ethernet/802.3

http://www.wi - fi.org/OpenSection/index.asp

Wi-Fi LAN

LAN

802.11i

LAN

802.11  802.11b
SSID
DHCP WLAN
WEP

=A =2 A A A

DoS
NICs

Wi-Fi 802.11g 802.11n
802.1x EAP TLS RADIUS
AES WPA 2
VPN IPSEC

web

=A =2 =4 4 A A A

1. WPA2

no

3. SSID

o

Wi-Fi Client
with wireless NIC

S

Wi-Fi Client
with wireless NIC

&

@ IEEE 802.11a

WLAM
Access Foinl pange:<100 Meters

Speed:54Mbps

Band:5GHz

WiFi

WEP WEP

LAN

SSID

VPN
SSH  TLS/HTTPS

WPA WEP

24x7
WLAN

Wi-Fi Wirekss LAN Security Probkems and Solutions

Wi Fi

IEEE 802.11b

RF


http://www.wi-fi.org/OpenSection/index.asp

SSID

MAC

SSID
SSID
SSID

MAC

MAC

http://www.javvin.com/wlan -wifi -quide.html WLAN Wi Fi

WLAN  |IEEE 802.11

Characteristic

Physical Layer

Descripfion
Diirect Seguence Spread Spectrum [D555), Freguency Hopoing Spread
Spectrum (FHSS), Orthogonal Frequency Division Multiplexing {08 DR
infrared (IR}

Frequency Band

2.4 GHz (I5M band) and 5§ GHz.

Data Rates

1 Mbps. 2 Mbps, 5.5 Mogps (11b), 11 Mbps (118}, 54 Mbps (11a3)

Data and Network

RC4-baszed stream encrypbion sgorithm for confidentislity, authentication,
and miegriy. Limited key management. (AES is being consdered for

Security 802.11i.)
Crperating Range Up to 150 feet indoors and 1300 fest cutdoors.”
Ethemst speeds without wires; many dfferent products from many
Positive Aspects different corrpanies. Wireless oient cards and access point costs are
decrzasing.
Negative Aspects Poor security in native mode: throughput decrease wih distance and load
WLAN
IEEE802.11
IEEE  WLAN WEP
WEP WEP
1. WEP T WEP
2. WEP RC4 24
3. WEP 802.11 MAC
WEP WLAN

T

enabled.

1. Securify features in vendor | Security features, albed poor in sorme cases, are not enabled when
products are frequently not | shipped, and users do not enable when insta’ed. Bad sscunty is

generaly befter than no security.

2. Vs are short {or static).

24-bit Ve cause the generated key stream 1o repeat. Repetiion
allows easy decryption of data for a moderate’y sophisticated
adwersary.

3. Cryptographic keys are
short.

40-bit keys are inadequate for any system. [t is generaly accepted
that key sizes should be greater than 80 bits in length. The longer
tre key, the less likely a comprise is possiois from a brute-force
attack.

4. Cryptegraphic keys are
shared.

Eeys that are shared can compromise 3 systemn. As the number of
people sharing the key grows. the security risks also grow. A
fundamenta’ tenant of cryptography is that the sscurity of a system
is largely dependent on the secrecy of the keys

and frequenthy.

3. Cryptographic keys cannot | Crypiographic keys should be changed often to prevent brute-force
be updated automatically

atiacks.

6. RC4 has a weak key
schedule and is
inappropriately usad in
WEF.

The combination of revealing 24 key bz in the 1V and 3 weakness
in the initial few bytes of the RCS key stream leads o an efficent
attack that recowvers the key. Most other applicatons of RC4A danot
expose the weaknesses of RC4 because they do not reveal key bits
and do not restart the key schedu'e for every packet. This aftack i=
available o moderately sophisticated adversaries.

7. Packet integrity is poor.

CRC32 and other linear block codes ans inadequats for prowviding
cryplographic integrity. Message madification is possibie. Linear
codes are inadeguatz for the protection against adverient attacks on
data miegrly. Cryptegraphic protection = required to prevent
deliberate atiacks. Use of noncryptographic protsools often
facilitates atfacks against the crypiography.

8. Mo uvser authentication
SECUrS.

Cinly the device is authenticated, & device that is stolen can access
the metwork.

3. Authentication is not

identification cccurs.

enabled; only simple 5510 | wircless sysiem because signals can be more easily intercepted.

laentty-bazed systems are hghly wulnerabis particularly ina

simiple shared-kay
challenge-rasponse.

1. Device authentication is

Oime-way challenge-responss auwthentication is subject to “man-in-
tre-rrididle” attacks. Mutual authentication is required fo prowas
venification that users and the network are legtimate.

MAC

http://www.javvin.com/wirelessmap.html

802.11a 802.11b 802.11g

WEB

802.11n

WEP

CRC

WLAN

WEP

SSID

MAC

802.11
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11.The client does not
authenticate the AP.

The client needs to authenticate the AP to ensure that it is legtimate
and prevent the introduction of regue APs

WLAN
WEP WLAN

802.1X—-

802.1X

802.11i - WEP

WEB 802.11i
CCMP 802.11i
WLAN VPN
WEP WLAN WEP

No Security or securily is provided through ofher means 80211 Security
-

T

:

WLAN
EAP
IEEE802.11i Wk Fi
802.1x
IPsec IPsec IP

Wireless LAN (WLAN) Security Problems and Technologies

WLAN VPN WEP IPsec
| _, Intemet Protocol Security (IPsec)
WEP Security
-

-
EE|E55 client
RO

Wireless LAN (WLAN) Security Problems and Technologies

http://csrc.nist.gov/publications/nistpubs/800

-48/NIST_SP_80418.pdf

802.12

802.12 100VG AnyLAN HP
4 Hub

802.14

:Cable Modem
DOCSIS
1998 MSOs CableLabs
MCNS DOCSIS
3 ITU
ITU J.112
CableLabs DOCSIS
DOCSIS DOCSIS1.1
DOCSIS1.1
QoS Broadcom Terayon
DOCSIS MCNS

Demand priority

Cable modems

D
SCTE
1999 1
IEEE 802.14

DOCSIS1.2

TKIP

802.1X 802.11i

WPA

100Mbps

WPA

CBEMAC


http://csrc.nist.gov/publications/nistpubs/800-48/NIST_SP_800-48.pdf

ITU DOCSIS
IEEE 802.14
IEEE 802.14
MCNS
DOCSIS
MCNS IEEE 802.14 DOCSIS
1.2 MCNS IEEE Broadcom Terayon
IEEE MCNS
MCNS IEEE
IEEE 802.14
DOCSIS
1997 IEEE 802.14
IEEE 802.14 MCNS
IEEE MCNS IT
DVB RCCL DAVC
DVB RCCL DAVC DAVIC IEEE802.14ATM
ECCA DOC
SIS
ITU DOCSIS
cisco
Cable Modem DOGIS
DVB RCCL
DAVC DOCSIS
802.15 Wireless PAN
IEEE802
* (WPAN IEEE802.15.1) (BlueTooth) / MAC/PHY)
* (LRWPAN |IEEE802.15.4) ZigBee / MAC/PHY)
(WLAN)
*
* ,PDA, /
* ZigBee ) ,
* WLAN 100 10 ZigBee 50
* ZigBee
10

IEEE802.15.1: Wireless Personal Area Network, WPAN.

PHY

MAC)



* Piconet Master 1 7 Slave
* IEEE802.15.1

Scatternet

GFSK 2.4GHz ISM 3 100mW =20dBm 1mw 2.5mwW 0.25mwW
ImwW
* Baseband 1600 625 (Time Divison DuplexTDD)
Sychronous ComttionOriented SCO link 64kb/s PCM
Asychronous Connectidress ACL link 723.2kb/s 433.9kbl/s)
* Link Manager Protocol
* Logical Link Control and Adaptation Protocol Segmentation
Reassembly

* Host Control Interface HCI

IEEE802.15.4: Low Rate Wireless Personal Area NetwerKPAR

IEEE802.15.4
Reduced Furional Device, RFD)

Full Functional Device, FFD)

868MHz 915MHz 2.4GHz ISM 27
* 0 868868.6MHz, 868.3Hz BPSK 20kb/s
* 1-10, =906 + 2x( -1) MHz BPSK 40kb/s
* 11-26, =2405 + 5x( -11) MHz O-QPSK 250kbl/s
CSMA/CA Superframe

WPAN Wirekss Personal Area Network Communication Technobgies
WPAN
10 ZigBee UWB IrDA HomeRF
IEEE 802.15 802.15 |EEE
802.15.4 TG4 ZigBee 802.15.3 TG3 UWB TGA4ZigBee
20 Kbps 250 Kbps TG3 UWB 20 Mbps  1Gbps
IEEE 802.15 WPAN
Bluetooth IEEE 802.15.1 UWB IEEE 802.15.3 ZigBee IEEE 802.15.4
868MHz
2.4¢ 2.48GHz 3.1-10.6GHz 902-928MHz
2.4-2.48GHZ
10 10 100



20 Kbps

3 Mbps 1 Gbps 40 Kbps
250 Kbps
GFSK
2PSK OPSK BPSK 868928MHz
DQSP BPSK OPSK 2.4GHz
8PSK
WMAN IEEE 802.16 WiIMAX WLAN IEEE802.11 WPAN |EEE802.15
2-66GHz 2.4¢5.8GHz 8.68;10.6GHz
10 Bluetooth UWB
31 100 100 ZigBee
134 Mbps 55 Mbps 1Gbps

2.402GHz ~ 2.480GHz

IEEE802.15.1

ZigBee IEEE 802.15.4



UWB Protocol Stack

| 3.1~515GHz ||5.825~10.6GHz | |

3.1 = 10.4GHz

uwB IEEE 802.15.3

http://www.gsmworld.com/technology/gprs/intro.shtmi

GRRS Overview

EEE 802.15 WPAN Bluetooth and IEEE802.15 in short range wireless communications
IEEE802.15 IEEE WPAN |IEEE802.15
802.15.1 11
Internet  802.15.1/ (ON]!
1 RF layer 0dBm 20 dBm 2.4 GHz 10 10
1 Baseband Layer Piconet
1 Link Manager
Piconet
1 L2CAP Logical Link Control and Adaptati®rotocol
IEEE802.15 802.15 802.154 TG4 802.15.3 TG3
20 Kbps 250 Kbps TG3 20 Mbps

IEEE 802.15/Bluetooth

IEEE 802.11/WLAN

IEEE 802.16/WIMAX

802.16a WIiMAX 802.11 WLAN 802.15 Bluetooth

2-11 GHz 2.4 GHz

~31 miles ~100 meters ~10 meters

70 Mbps 11 Mbpsg 55 Mbps| 20 Kbps; 55 Mbps
7 Application
[ Presantation
5 Sassion
4 Transporn
3 Natwork

Applications
Logical Link Cithar ITCPAPIHFEMESDF
Cantral (LLC)
2 Data Link -
Medium Access L2CAR I s ]
Layer (MAC) Lirk Managar
. Physical Baseband
| o :
IS0 05! Model IEEE 802 o IEEE 802.15.1
Layers Standards Blustooth WPAN

IEEE.15/ oSl

|IEEE 802.15/Bluetooth

IEEE 802.11/WLAN

IEEE 802.16/WIMAX

TG4


http://www.gsmworld.com/technology/gprs/intro.shtml

802.16a WIMAX 802.11 WLAN 802.15 Bluetooth
2-11 GHz 2.4 GHz
~31 miles ~100 meters ~10 meters
70 Mbps 11 Mbpsc 55 Mbps| 20 Kbps; 55 Mbps

http://standards.ieee.org/getieee802/802.15.html

3C

Bluetooth
10 Harold
1994 1998 5
3C
http://www.lynokia.com/whbt.htm
http://en.wikipedia.org/wiki/Bluetooth
Zigbee
Zighee 65000
Zigbee
Zigbee
Zigbee
2004
Zigbhee
Zigbee 65000
Zigbee
Zigbee
Zigbee FFD
Zigbee FFD RFD
Zigbee
Zigbee

~NOoO 0o~ WDN PR

Harold

31

Zigbee

Zigbee

IEEE 802.15 Specification Download Page

IBM
Radio Air Interface
CDMA GSM Zighee
75
Zighbee

CDMA GSM
75

Zigbee" " 1000 ;

RFD

2003

Zigbee

Zigbee

Zigbee
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http://en.wikipedia.org/wiki/Bluetooth

9 GPS
Zigbee
6 2
Zigbee
65000
ZigBee AES128
64 AES128
Zigbee
Zigbee RFID 2004
GOOGLE "Zighee" Zigbee
Zigbee
Zigbee Zigbee Zighee
Zigbee
Zigbee GPRS CDMAX
1 Zigbee
2 1000 Zigbee Zigbee
1000
3 CDMAX GPRS
Zighee
4 Zigbee Zigbee
Zigbee
5 Zighee
Zighee
Zigbee
Zigbee
1 Zigbee
2 Zighee
2-5 CDMA
3 Zigbee 2.4G FSK ASK
4 Zigbee
5 Zigbee (2.4G 250kps 3-5 DSSS 1000
)
WLAN WPAN WMAN Comparison of WLAN, WPAN and WMAN Technologies
LAN Wi Fi WPAN WiMax
WLANWPAN  WMANWiMax
WLAN |IEEE
802.11 802.11a 802.11b 802.11g 802.11n
1997 1999 1999 2003 2008
2.4GHz 5.8GHz 2.4GHz 2.4GHz 2.4¢5.8GHz
~70 ~100 ~100 ~110 ~160
2Mbps 54Mbps 11Mbps 54Mbps 248Mbps
DSSS, FHSS OFDM DSSS, CCK OFDM MIMO




GFSK, BPSK, DBP|BPSK, QPSK, -{HAM,|DPSK, DBPS| BPSK, QPSK, -THFAM, 64QAM andlBPSK, QPSK, -TFAM,

DQPSK 64-QAM DQPSK DBPSK, DQPSK 64-QAM
WPAN |IEEE WMANWIMAX |EEE
ZigBee 802.162004 802.116d
802.15.1 802.15.3 UWB 802.15.3a WiMedia |802.15.42003 802.16 2005 80.2 16
802.15.42006 08 08
2002 2003 * 2003 2006 2004 2005
2.4Ghz 3.1to 10.6 GHz 2 AGHz 8esMHz, 915 MHZ , c6GHz
2.4GHz
~10 ~10 ~10 ~100 ~50 km
3Mbps 55Mbpsc¢ 1Gbps 110Mbpsc 1Gbps 250 Kbps 134 Mbps
FHSS DSUWB, OFDM MB-OFDM DSSS MIMO-SOFDMA
GFSK, 2PSK, DQ|OPSK, BPSK, OOK, PAM, P BPSK 868928MHz
8PSK Bi-Phase QPSK,DEM OPSK 2.4GHz QPSK, QAM

Wireless Landscape

Rates and Range

Digtance
T T T T T
200m 1.5km 15km  30km 50km

ledma2 000

GSMUMTS

115Kbps - T4Mbps

WilMedia

202.15.3a - 110Mbps

WiFi  Wireless LAN  WLANWPANWMANWiIMax

http://www.ja vvin.com/wlan - wifi -quide.html  WLANW:4 Fi
http://www.javvin.com/wirelessmap.html

802.16 Broadband Wireless Access
20 90 1999 IEEE
IEEE 802.16

WIMAX


http://www.javvin.com/wlan-wifi-guide.html
http://www.javvin.com/wirelessmap.html

IEEE 802.16 WIMAX
IEEE 802.16
IEEE IEEE
802.15 IEEE 802.11 IEEE 802.16 IEEE
IEEE 802.16 IEEE Wireless MAN 2-66 GHz 50km
802.16 DSL “ § 802.16
2-11GHz 10-66GHz IEEE 802.16
802.16 802.16a 802.16d
802.16e
IEEE 802.16
IEEE 802.16 802.16 802.16a 802.16c 802.16d 802.16e 802.16f 802169 1
802.16 1666GGHz 802.16a 211GHz 802.16¢c 1666GHz
802.16d 266GHz 802.16e 26GHz 802.16f
MIB 802.169
2001 12 802.16 10-66GHz MAC
2003 1 802.16a 802.16 2-11GHz MAC
50km 6-10km 802.16a MAC QoS
802.16a 802.16
2002 802.16¢ 802.16 10-66GHz 802.16 10-66GHz 802.16
802.16d 802.16 2004 802.16d 2-66GHz
MAC MAC
802.16 802.16a
802.16
802.16d
802.16e 802.16 2-6GHz
802.16a
802.16e 802.16e
3G Draft3.0
802.16e
802.16f 802.16 MAC MIB 2006
802.169g 802.16 802.16
2007
IEEE IEEE802.16 802.16 802.16a 802.16d 2004
802.16d IEEE802.16 IEEE 802.16 802.16e
802.16e 802.16d 802.16d OFDMA 2048 1024 512 128
802.16e MAC
802.16e
802.16e 120km/h
10MHz OFDM64QAM



30Mbit/s IEEE 802.16 1.7520MHz
70 Mbit/s
802.16e km
802.16e IP VolP
802.16e 802.16e 802.16e
802.16e 3G 802.16e
802.16e 2-6GHz km FDD TDD OFDM OFDMA 802.16e
802.16e 30Mbit/s
120km/s
802.16e 2005 2006 2007
IEEE 802.16 MAN WIMAX Broadband Wirekess MAN Standard - WiMAX
IEEE 802.16 Internet MAN WIMAX
“ " DSL
: - End=to~End Delay }I
i | Transit Delay > |
: [ €— MAC Delay — | :
:'r:_:'i:cnl:r--:r_ subscriber | cvt— o7z b—4ir Interface— 575 —Ryv1— .C:-':t |_Provided
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