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10.4.3 M.AU-—DTE Electrical Characteristics. If the AU] is exposed, the electrical characteristics for
the driver and receiver components connected between the DTE Physical Layer circuitry and the MAU
shall be identical with those as specified in Section 7 ofthis standard.

10.5 Characteristics of Coaxial Cable System. The trunk cable is of constant impedance, coaxial con-
struction. It is terminated at each of the two ends by a terminator (see 10.6.2), and provides the transmis-

sion path for connection of MAU devices. Coaxial cable connectors are used to make the connection from
the cable to the terminators and between cable sections. The cable has various electrical and mechanical

requirements that shall be met to ensure proper operation.

10.5.1 Coaxial Cable Electrical Parameters. The parameters specified in 10.51 are met by cable
types RC} 58 A/U or RG 58 C/U.

10.5.1.1 Characteristic Impedance. The average characteristic cable impedance shall be 50 1 2 9.
Periodic variations in impedance along a single piece of cable may be up to i3 :12 sinusoidal. centered
around the average value, with a period ofless than 2 m.

10.5.1.2 Attenuation. The attenuation ofa 185 m (600 ft) cable segment shall not exceed 8.5 dB mea-
sured at 10 MHz, or 6.0 dB Ineasured at 5 MHZ.

10.5.1.3 Velocity of Propagation. The minimum required velocity ofpropagation is 0.65 c.

10.5.1.4 Edge Jitter; Entire Segment Without DTES Attached. A coaxial cable segment meeting
this specification shall exhibit edge jitter of no more than 8.0 ns in either direction at the receiving end
when 185 m (600 ft) of the cable is terminated at both ends with terminators meeting the impedance
requirements of 10.6.2.1 and is driven at one end with pseudorandorn Manchester encoded binary data
from a data generator that. exhibits no more than 1.0 ns of edge jitter in either direction on half bit cells of
exactly ‘/2 BT and whose output meets the specifications of 10.4.1.3, except that the rise time of the signal
must. be 30 ns + 0, — 2 ns. and no offset component in the output current is required. This test shall be con-
ducted in a noise-free environment. The above specified component is not to introduce more than 7 ns of
edge jitter into the System.

10.5.1.5 ‘Transfer Impedance. The coaxial cable medium shall provide sufficient shielding capability
to minimize its susceptibility to external noise and also to minimize the generation of interference by the
medium and related signals. While the cable construction is not mandated, it is necessary to indicate a
measure of performance expected from the cable component. A cablc’s EMC performance is determined, to
a large extent, by the transfer impedance value of the cable.

The transfer impedance of the cable shall not exceed the values shown in Fig 106 as a function of fre-
quency.

10.5.1.6 Cable DC Loop Resistance. The sum of the center conductor resistance plus the shield
resistance measured at 20 °C shall not exceed 50 ITIQ/IT1.

10.5.2 Coaxial Cable Physical Parameters

10.5.2.1 Mechanical Requirements. The cable used should be suitable for routing in various envi-
ronments, including but not limited to, dropped ceilings, raised floors, and cable troughs as well as
throughout open floor space. The jacket shall provide insulation between the cable sheath and any building
structural metal. Also, the cable shall be capable of accepting coaxial cable connectors, described in 10.6.
The cable shall conform to the following requirements.

10.5.2.1.1 General Construction

(1) The coaxial cable shall consist of a center conductor, dielectric, shield system, and overall insulating
jacket.

(2) The coaxial cable shall be sufficicntly flexible to support a bend radius of5 cm.
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1fl.5.2.1.2 Center Cnnduetor. The center conductor ahall he stranded. tinned copper with an over-
all diameter (if 1139 mm :l: 0.05 mm.

1[!I.5.2.1.3 Dielectric Material. The dielectric may he of any type, provided that the conditions of
10.5.1.2 and 10.5.1.3 are met; however, a solid dielectric is preferred.

1I‘J.5.2.1.4 Shielding System. The ahielding ayatern may contain both braid and foil element:-1 auFfi-
cient to meet the tranaier impedance of 1CI.5.1.5 and the EMU specifications of 10.8.2.

The inaide diameter of the sthiclding system shall be 2.95 mm i 0.15 mm.
The shielding system shall be greater than 95% coverage. The use of tinned copper braid is recom-

mended to meet the contact reaiatanee and sliielding requirements.

1[!I.5.2.1.5 Overall Jacket

{I} Any one of several jacket materials shall be used pmvide-:1 the specifications of 10.5.1 and 10.5.2 are
met.

(2) Either of two jacket dimensions may he used for the two broad classes of materials provided the
specification of 10.5.2.1.1 are met:
(a} Polyvinyl chloride (for example, PVC) or equivalent having an OD nl':1-.9 mm i 0.3 mm.

{b} Fluurnpnlymer (for example, FEP, ECTFEJ In‘ equivalent having an OD 0174.8 mm 1: 0.3 mm.

The cable Shall meet applicable flammability and amoke criteria to meet the local and national codes for
the installed environment (nee 10.3.3).

Different types of cubic sections {for example, polyvinyl chloride and fiuompolymer dielectric} may be
interconnected, while meeting the sectioning requirements of 1fl.'i'.2.1.
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10.5.2.2 Jacket Marking. It is recommended that the cablejacket be marked with manufacturer and
type at a nominal frequency of at least once per rneter along the cable

10.5.3 Total Segment DC Loop Resistance. The sum of the center conductor, connectors, and shield
resistance shall not exceed 10 £2 total per segment. Each in-line connector pair or MAU shall contribute no
more than 10 m9.

As a trunk coaxial cable segment consists of several cable sections, all connectors and internal resistance
of the shield and center cmlductnr shall be included in the loop resizatance measurement.

10.6 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires termination and is parti-
tioned intu sections. Devices to be attached to the medium require a means of connection to the medium.
This means is provided by a BNC “T” adapter, as shown in Fig 10-7.

SINGLE MOULDING
SNAP CLOSE EIODY

FLYING COVER TO INSULATE
MALE "T" CONNECTOR WHEN
WITHDRAWN FROM DTE

INSULATING COVER

{Tutorial only and not part of the standard.)

Fig 10-’?
Examples of Insulated Connector Cover

The BNC connectors shall be of the 50 £2 constant impedance type. High-quality versions of these connec-
tors (per IEC 169-8 [4l) are recommended in order to meet dc loop resistance and reliability considerations,
All of the coaxial connectors shall follow the requirements as defined in 10.6.3.
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10.6.1 In-Line Coaxial Extension Connector. All coaxial cables shall be terminated with ENC plug
connectors. A means shall be provided to ensure that the connector shell (which connects to the cable
sheath] does not maloe contact with any building metal (at ground potential] or other unintended conduc-
tor.

An insulating sleeve or boot slipped over the connector at installation time is suitable.
In-line coaxial extensions shall be made with BN-C receptacle-to-receptacle connectors joined together to

form one “ha:-rel."An insulating sleeve or boot shall also be provided with each barrel assembly.

10.6.2 Coaxial Cable Terminator

10.6.2.1 Coaxial cable terminators are used to provide a termination impedance for the cable equal in
value to its characteristic impedance, thereby minimizing reflection from the -ends of the cables. Termina-
tors shall be packaged within a male or female connector. The termination impedance shall be 50 Q i 1%
measured from 0-20 MHz, with the magnitude ofthe phase angle of the impedance not to exceed 5“. The
terminator power rating shall be 0.5 W or greater. A means of insulation shall be provided with each termi-
nator.

10.0.3 l.'I{AU-to-Coaxial Cable Connection. A ENG "T" (plug, receptacle, plug) adaptor provides a
means of attaching a MAU to the coaxial cable. The connection shall not disturb the transmission line
characteristics of the cable significantly; it shall present a low shunt capacitance. and therefore a negligi-
bly short stub length. This is facilitated by the MAU being located as close to its cable connection as possi-
ble; the MAU and connector are norrno.l1y considered to be one assembly. Long (greater than 4 cm)
connections between the coaxial cable and the input of the MAU jeopardize this objective.

Overall system perfonnunce is dependent largely on the MAU-to-coaxial cable connection being of low
shunt capacitance.

The design of the connection shall meet the electrical requirements contained in 10.-1-.1.1 and the reliabil-
ity specified in 10.4.2.3. The use of E-NC “T” adaptors and connectors satisfies these requirements.
Figure 10-7 shows a ll-[AU-to-coaxial cable attachment.

Ameans shall be provided to ensure that the connector assembly {that is, BN0 “'1'” plus male connectors)
does not make contact with any building mctalwork {at ground potential) or any other unintended conduc-
tors. An insulating cover should therefore be applied after connection. A possible design is depicted in
Fig 10-7. The insulating cover should have these characteristics:

(1) lt should guard against accidental gran riding of the connector assembly.
(2) It should allow ease of attachment and detachment ofan assembled "'I"' connector to the MAU with-

out necessitating the removal of section cable connectors {that is, segment integrity is maintained).
{3} It should be a simple moulding that attaches firmly to a connector assembly.

11].’? System Considerations

10.7.1 Transmission System Model. Certain physical limits have been placed on the physical trans-
mission system. These revolve mostly around maximum cable lengths [or maximum propagation times}, as
these can affect critical time values for the CSMAUCD access method. These maxima, in terms of propaga-
tion times, were derived from the physical conflgurafion model described here. The maximum configura-
tion is as follows:

ill Atrunlr coaxial cable, terminated in its characteristic impedance at each and, constitutes a coaxial
segment. A coaxial segment may contain a maximum of 135 m (600 ft} of coaxial cable and a maxi-
IUILIII oi'3fl MAUS. The propagation velocity ofthe coaxial cable is assumed to be 0.65 I: minimum (I:
= 3 x 103 min]. The maximum end—tn-end propagation delay for a coaxial segment is 950 mg.
Repeater sets are required for segment interconnection. Repeater sets occupy MAU positions on
coaxial segments and count toward the rnaicimum number of MAUs on a coaxial segment. Repeater
sets may be located anywhere on a coaxial segment,

The maximum transmission path permitted between any two MA.Us is limited by the number of
repeater sets that can be connected in series [that is, four). The maximum number of segments con-
nected in series is therefore five (Fig 10-33. which shall consist of no more than three tapped, coaxial
segments; the remainder shall be link segments as defined in 3.6.1.
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l0.'.'i'.2.2 MAU Placement. MAU components and their associated connections to the cable cause sig-
nal refiections due to their l10]2I.l.l'].fiI11‘lJB bridging impedance. While this impedance must be ijnplemented as
specified 111 10.5, the placement of MHLUR along the coaxial cable must also be controlled to ensure that
refiections from the MAU do not accumulate to a significant degree.

Coaxial cable sections as specified in 10.T.2.1 shall be used to connect MAUs. This guarantees a mini-
mum spacing between MAUs offl.5 In.

The total number of MA.Us on 3. cable segment shall not exceed 30.

10.7.2.3 'I‘runl-1 Cable System Esrthing. The shield conductor of each coaxial cable segment may
maice electrical contact with an effective earth reference” at one point and shall not make electrical con-
tact with earth elsewhere on such objects as building structural metal, ducting, plumbing fixture, or other
unintended conductor. Insulators should be used to cover any coaxial connectors used tojoin cable sections
and terminators, to ensure that this requirement is met. Asloeve or boot attached at installation time is
acceptable. (See 1116.3.)

10.7.2.4 Static Discharge Path. A static discharge path shall be provided. The shield of the trunk
coaxial cable is required to be connected to each DTE earth (within the DTE) via a 1 MD, 0.25 W register
that has a voltage rating of at least 750 V dc.

11}.?.2.5 Installation Environment. This specification is intended for networks in use within a single
building and within an area served by a single low~volt.a.ge power distribution system. Applications requir-
ing interplant connections via external (outdoors) means may require special considerations. Repeaters
and nonconducting TRL components may provide the means to satisfy these isolation requirements.

NU'T'FJ: The reader is advised that devices should not be o|:-otratcd at significantly dilicrent frame potentials. The IIJB-ASE2 connection
system may not be capable owfhaxtdling excessive earth currents.

10-.8 Environmental Specifications

10.3.1 Safety Requirements. The designer should consult relevant local and national safety regula-
tions to assure compliance with the appropriate standards {for example, see Appendix A for reference
material).

10.3.1.1 Installations. If the trunk coaxial cable is to be installed in close proximity to electrical power
cables, then installation practice according to local and national code shall be followed (see Annex for
resource material).

10.3.1.2 Eerthing. Where earthing is mandated by locally or nationally prescribed codes of practice,
the shield of the lIl'L1l'lli'. coaxial cable shall be efiectively earthed at only one point along the length of the
cable. Eifectively earthed means permanently connected to earth through an earth connection of suffi-

oiently low impedance and having sufficient ampacity to prevent the building up of voltages that may
result in undue hazard to connected equipment or to persons.

10.3.2 Electromagnetic Environment

10.8.2.1 Siiseeptibility Levels. Sources of interference from the environment include electromag—
netic fields, electrostatic discharge, transient voltages between earth connections, etc.

Several sources of interference will contribute to voltage buildup between the coaidal cable and the earth
connection of a DTE.

The physical channel hardware shall meet its specifications when operating in either of the following
conditions:

(1) Ambient plane Wave field of 1 Wm from 10 kHz through 1 G-Hz.

NOTE: 14=‘VI=1=! i‘-3*I-Iiwlly >1. lrm. from broadcast stations.

“See local or national rlsgulations for guidance on those matters and reference [A12].
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11. Broadband Medium Attaelunent. Unit and Broadband

Medium Specifications, '1‘;-pe IDBROADSE

l1.l Scope

11.1.1 Overview. This section defines the functional, electrical, and mechanical characteristics. of the
Bmadband Medium Atiechmerit Unit {MAID and the specific single and dual-cable broadband media for
use with local area networks. The headend frequency translator for single-cable broadband systems is also
defined. The relationship ofthis specification to all ofthe IEEE Local Area Network standards (IEEE 302)
is shown in Fig 11-1. Repeaters as defined in Section '3 are not relevant for IOBRUADEE.

OEI Um
REFERENCE CSMN-CDMODEL

LAYE H5 UWE FIE

APPLICATION : HEGHEH LAYERS 5

FHEEENTATIDN “'0I LOGICAL LINK coNTHoL

MRC

TRANSPORT “-5PHYSICAL suesnuns

 I - :
: :

PHYSICAL

ATTACHMENT UNIT INTEFIFACE
MEDIUM AITACHMENT UNIT
MEDIUM DEPENDENT INTERFACE
PHYSICP-L MEDIUM ATFFICHM ENT

Fig 11-!
Physical Layer Partitioning. Relationship to the 150 Open Systems Interconnection

(031) Reference Model

The purpose of the MAU is to provide a means of attaching devices; to a broadband local network
medium. The medium comprises CATV—type cable, taps. connectors, and amplifiers. A coaxial broadband

system permits the assignment ofdiiferent frequency bands to multiple applications. For Example, a hand
in the spectrum can be utilized by local area networks while other bands are used by point-tn-point or foul-
tidrop links, television, or audio aignals.

The physical tap is a passive directional device such that the MAL’ transmission is directed toward the
heatlend location (reverse direction). On a single-cable system the transmission from the MAU is at a car-
rier frequency f'1, A frequency translator for rernodulator} located at the beadend up-converts to a -carrier

frequency ‘E2, which is sent in the forward direction to the taps (receiver inputs). On a dual-cable syst
the transmit and receive carrier frequencies are identical [both fl] and the MAU connects to the medium
‘I-“IE two taps. one on the receive cable and the other on the transmit cable. The transmit and receive cables

are connected to each other at the head-end location, Figure 11-2 shnws broadband single- and dué,]-gab1c
systems.

‘ ero 1Ve - Ex



Aerohive - Exhibit 1026
0182

ISOHEC E302-3 : 1993
AITSIHEEE Std 302.3. 1993 Eclition I.OGALAl'«l'D METROPOLITAN AREA N'E'l"WDR.K."‘r;

SINGLE-CABLE SYSTEM

Pi-fl— - L[fl' FH.EDll:'Ni!'f EBHIL

412- - H||}l FHELEJIDV SEMFJ.

IIBIJUHIJ OUIWWD

Fig 11.2
Broadband Cable Systems

The broadband MAU operates by accepting data from the attached Data Termination Equipment (DTE)
and transmitting a modulated radio frequency (RF) data signal in a data band en the broadband coaxial
cable system. All MAUs attached to the cable system receive and demodulate this RF signal and recover
the DTE data. The broadband MAU emulates a baseband MAU except for delay between trsnsndssion and
reception, which is inherent in the broadband cable system.

A trflnslflflitting MAU logically compares the beginning of the received data with the data transmitted.

Any difference between them, which may be due to errors caused bgr-colliding transmissions, or reception of
an earlier transmission from another MAU, or a bit error on the channel, is interpreted as a collision.

When a collision is recognized. the MAU stops transmission in the data hand and begins transmission of

an RF collision enforcement (GE) signal in a separate CE band adj aocnt to the data band. 'I‘he CE signal is
detected by all MAUS and informs them that a collision has occurred. All MAUQ signal to their attached

Medium Atbcese Controllers (MACS) the presence of the collision. The transmitting MA-Cs then begin the
collision handling pcrocess.

Collision enforcement is necessary because RF data signals from different MA.Us on the broadband cable
system may be received at d.i:ITerent power levels. During a collision between RF data signals at different

184
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levels, the M.AU with the higher received power level may see no errors in the detected data stream. How-
ever, the MAU with the lower RF signal will see a difference between transmitted and received data; this
I\-[AU transmits the CE signal to force recognition of the collision by all transmitting MAUS.

11.1.2 Definitions

Attachment Unit. Interface {AUIIL In a local area network. the interface between the medium attach

n-ient unit and the DTE within a data station. Note that the AU] carries encoded signals and provides for
duplex data transmission.

Binary Phase Shift Keying (Binary PSK or BI-‘SE3. A form of modulation in which binary data are
transmitted by changing the carrier phase by 180 degrees.

Broadband LEIN. A Local Area Network in which information is transmitted on modulated carriers,
allowirug coexistence of multiple simultaneous services on a single physical medi1.I.n1 by Frequency division
multiplexing.

CA.'I“V-'I‘3.-]:I-e Broadband Medium.Abrcadband system comprising coaxial cables, taps, splitters. amplifi-
ers, and connectors the same as those used in Cornrnunity Antenna Television {CATV} or cable television
installations.

Channel. A band of frequencies dedicated to a certain service transmitted on the broadband medium.

Coaxial Cable. A two conductor, concentric [center conductor and shield), constant impedance transmis-
sion line.

Continuous Wave (CW). A carrier that is not. modulated or switched.

dBrnV. Decibels referenced to 1.0 ml-' on 75 5.1, used to dcfinl: signal levels in CATV-type broadband
systems.

Drop Cable. The small diameter flexible coaxial cable of the broadband medium that connects to a
Medium Access Unit (ll.-IATI}. See Trunk Cable.

Group Delay. The rate of change of total phase shift, with respect to frequency, through a component or
system. Group delay variation is the maximum difibrcncc in group delay over a hand olfhequencics.

Headend. The location in :: broadband system that serves as the root for the branching tree comprising
the physical medium; the point to which all inbound signals converge and the point from which all out-
bound signals emanate.

Jabb-I3.-r..A.condition wherein a station transmits for a period of time longer than the maximum permissible
packet length, usually due to a fault condition.

Postamble. In the broadbaiid Mcdjurn Attacliment Unit specified in this section, the bit pattern appended
after the last hit of the Frame Check Sequence; the Bmadband End—ot'—F1'ame Delimiter IIBEDFD).

Return Loss. The ratio in decibels of the power reflected from a port to the power incident to the port. An
indicator of impedance matching in a broadband system.

Seed. The twenty-t.hree (23) bits residing in the s-crambler shift register prior to the transmission of a
packet.

Spectrum Mask. A graphic representation cl" the required power distribution as a function of ‘Frequency
tor a modulated. transmission.
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‘Translation. In a single-cable system, the process by which incoming transmissions at one frequency are
converted to another frequency for outgoing transmission. The translation takes place at the h-eadcnd_

'I‘n:I.1:I:catia-n 1.055. In a modulated data waveform, the power difference before and after implementing the
filtering necessary to constrain its spectrum to a specified frequency band.

"I‘runk Cable. The main (large-diameter] cable of a broadband coaxial cable system, See D1-up Gable.

11.1.3 MZAU and Medium Objectives. This subsection states the broad objectives and assumpfinns
underlying the specifications defined throughout this section of the standard.

(ll Provide the physical means for cornniuni-nation among local network Data Link Entities using a
broadband coaxial medium.

(3) Provide a broadband Medium Attacbznezit Unit (MAUl that is compatible at the Attachment Unit
Interface (A111) with DTEs used on a basebancl medium.

{3} Provide a broadband MAU that emulates the baseband MAU except for the signal delay from Cirv
cuit. D0 to Circuit Ill.

(4) Provide a broadband IVIAU that detects collisions within the timing constraints specified in the
baseband case.

(5) Provide a broadband network diameter no less than 2300 m.

(6) Provide a broadband Physical Layer that ensures that no MAU is allowed to capture the 1-ned_iu_m
during a collision due to signal level advantage (tht is, ensures fairness of the physical layer].

(7) Provide a broadband MALI that detects collisions in both receive and transmit modes.

(5) Provide a broadband MAU that requires a transmission bandwidth no wider than 15- MHz.
{9} Define a physical interface that can be implemented independently among difierent manufacturers

of hardware and achieve the intended level of compatibility when interconnected in a common
broadband local area network.

(10) Provide a. communication channel capable of high bandwidth and low bit error rate p31'fIJ1'I1'1a110E_
The resultant mean bit error rate at the physical layer service interface should be less. than one part
in 105 {on the order of one part in 113“ at the linklevel) in a worst-case signal-to—noise ratio nfm dB.

(11) Provide a broadband medium physical layer that allows for implenientation in both dual. and sin-
gle-cabl-:-. systems.

£12} Provide for ease of installation and service.

(13) Pro-vi do 3 commuriication channel that costs with other channels on the same physical medium.

It is not an objective of U115 broadband MAU to allow its use with the baseband repeater defined in Sec-
tion 9 ofthis standard.

11.1.4 Compatibility Consido:ra'tioI:I.s. All implementations of the broadband coaxial system shall be
compatible at the Medium Dependent Interface {MDI}. This standard provides medium specifications for
the interconnection of all MAU devices. The medium itself, the functional capability of the MAU and the

AU Interface are defined to provide the highest possible level of compatibility among devices designed by
different manufacturers. Designers are free to implement circuitry within the ll-[AU in an application-
dependcnt manner provided the M331 and AU] specifications are satisfied. Subsystems based on this speci-
fication may be implemented in several different ways provided compatibility at the medium is main-
tained. It is possible, for example. to design an integrated station where the MAU is contained within a
physical DTE system component, thereby eliminating the A111 cable.

11.1.5 Relationship to PLS and. A111. The broadband MAU and cable system specifications are closely
related to Section '1' [Physical Signaling and Attachmnt Unit lnturfacc Specifications). The design of a
physical l'vL°4.U component requires the use of both this section and the PLS and AUI specifications in Sec-
tion 7.

11.1.3 Mode of Operation. In its normal mode of operation, the MAU i"'I:lJ"1(.'t;i011a as a direct cm-mention
between the DTE and the broadband medium. Data from the DTE are transmitted onto the broadband

coaxial system and all inband data on the coaxial cable system is received by the DTE. This mode is the
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mode of operation for the intended message traffic between stations. Other operating modes, such as a
loopback mode or a monitor mode, may be provided but are not defined by this standard.

11.2 MAU Functional Specifications

]1.2.1 MAU Ftmctioual Requirements. The MAU component provides the means by which signals on
the physicsfly separate AUI signal circuits to and from tl'1e DTE and their associated interlayer messages
are coupled to the broadband coaxial medium. To achieve this basic objective, the MAU component con-
tains the following copobflitios to handle message flow between the DTE and the broadband medium:

(1) Transmit Function. The ability to transmit serial data bit streams originating at the local UTE in a
bend-limited modulated RF carrier form, to (IE0 or more remote DTEs -on the same network.

[2] Receive Function. The ability to receive a modulated RF data signal in the band of interest from the
broadband coaxial medium and demodulate it into a serial bit stream.

[E-l Collision Presence Function. The ability to detect the presence of two or more stations’ concurrent
transmissions.

I:-1) Jabber F1mci=i-on. The ability of the MAU itself to interrupt the transmit function and inhibit an
abnormally long output data stream.

11.2.1.1 Transmit Function Requirements. The transmit function shall include the following capa-
bilities:

{1} Receive Manchester encoded data sent by the local DTE to the attached MAU on Circuit DU (trans-

mit data pair}.
{2} Decode the Manchester encoded data received on Circuit D0 to produce N'R.Z {Non-Return to Zero]-

data and a recovered clock signal.
{3} Scramble the NRZ data using a CCI'l'I‘ ‘$.29-type scrambler with seed changed on each transmitted

packet.
(4) Transform the incoming bits (prior to modulation} to provide an unscrambled alternating zero-one

pattern terminated by an Unscrambled Mode Delimitcr [LTl\'ll'l}; scramble the remainder of the
incoming preamble, Start Frame Delimitcr ESFD), and data fi'ame; and appnd an unacrambled pos-
tamblc (Broadband End of Frame Ilelimiter [BEDF'D]l.

(5) Differentially encode the packet generated above.
(6) Produce a bandlimited, -Elcuble sideband suppressed carrier, binary PSK modulated RF signal repre-

senting the above generated diflerentially encoded packet.

{7} Drive the coaxial cable with the modulated RF signal.

Figure 11-3 functionally represents these capabilities. The order of the functional blocks may be altered
provided that the result is the same.

MRNCHESTEH FRAME D-IFFEFIENTIAL
DEOCFDEF REFDRMATTEFI ENOODEFI

BROADBAND
ensue c0A:u:tAL

“OD” '-“'70” onlvss CABLEsvsrsm

Fig 11.3
Transmit Function Requirements
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lJ.2.l.2 Receive Function Requirements. The receive function shall include the Following:

(1) Receive the diiicrcntially encoded binary PSK modulated RF signal from the broadband coaxial
medium.

(2) Receive the data band RF signals and reject signals in bands other than the data band [1-ejgci_-.ig-n nf
signals in the adjacent collision cnforceincnt band is optional}.

Demndulate and di:EEertial.l3 decode the incoming HF‘ data signal From the coaxial medium to pro-
vide a receive bit stream that represents the scrambled bit stream at the transmitter.

Descramble the receive bit stream using a sel:E—synchronizi.ng descrambler.
Manchester encode the descrambled bit stream.

Send to the DTE, using Circuit D1 (receive data pair), an additional, locall_v-generated, Manchester
encoded preamble equal to the number of preamble bits lost in the receive data path {plus or minus
one bit), followed by the Manchester encoded. bit stream. No more than 6 preamble bits may be lost
from the preamble presented to Circuit DD at the transrnittlng MAI],

(T) Detect end of frame, using the postamble (BEOFD), and ensure that no I3‘:-ttrantirius bits are sent to
the DTF1 on Circuit DI.

(3) Receive signals in the collision enforcement band and reject signals in the data band and all other
hands no the broadband mcdiurn.

11.2.1.3 Collision Detection Function Requirements. The MALT shall perform the following func-
tions to meet the collision detection requirents:

[1] Store the scrambled bits (not ditl'erentia]l}' encoded) in the transmit section through to the last hit
in the source address.

(2) Detect the UMD in the transmit and receive paths.
{3} Compare received scrambled hits after the received UMI} with transmitted scrambled bits aiter the

transmit LTMID through to the last bit in the source address.

A Receive UMD Timer function shall be performed by the MAU. The timer shall be as long as the
time required from initial detection of RF data signal presence to detection of a ITMD in a normally
received (no collision} packet.
Enter a LOCAL CU LLISION DE'I'oction state if one of the following occurs:

{3} Abit error is found in the bit onrrnporo process through the last bit in the source address.

{ill The Receive UMD Timer expires before a UMIJ is dotoc1.ed in the received bit stream.

{cl The MAU receives the output (that is, transmit}! sigwmi from the AUI AFTER having received
an RF signal ii-om the coaxial cable.

Upon entering the LOCAL COLLISION DET state, cease transmission in the data band and com-
rncnoe transmission inthe collision enforcement band for as long as the DTE continues to send data
to the MAU.

{7} Upon entering the LOCAL COLLISION DET state send the si.gr:aI_quo.E£iy_en'or (SQE) message on
Circuit 01 {collision presence pair) using the CS0 signal for as Long as RF signals are detected on the

broadband coaxial medium in either the data or collision enforcement bands.
{5} Detect power in the collision enforcement hand and send the SQE message on Circuit Cl using the

CS0 Signal. Send the SQE message for as long as energy is detected in the collision enforcement
band.

{9} Ensure that during collisions, due to phase cancellaizions of the colliding carriers, Circuit DI does
not become itlactive before Circuit Cl becomes active.

(10) Test the cotlision detection circuilry following every transmission that does not encounter a colli-
sion. Tbis test consists of transmitting a burst of collision enforcement RF signal atl::u|_" the and of the
postamble transmission and detecting this burst on the receive side. If the burst is detected, the
CS0 (BR) signal is sent on Circuit CI of the transmitting MAU.

11-2.1-3.1 Collision Enforcement Transmitter Requirements. The MAU shall provide a collision
Uflfomoment (CE) transmitter that generates a constant amplitude RF signal in the CE band at the same
power‘ level as the data signal postamble.
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11.2.l.3.2 Collision Enforcemt Detection Requirements. The MAU shaLl detect energy in the
CE hand that is within the speci.‘tiel:l range of receive levels, .'i.l'respeI:i:iVe of the signal power level in the
data band.

11.2.1.4 Jabber Function Requirents. The MAU shall have a jabber liinetion that inhibits trans-
mission onto the coaxial cable interface if the MAU attempts to transmit an RF‘ si|z;n.al longer than 150 ms.
The MAU shall provide an MTBF of at least 1 million hours ofcontinuous operation without rendering the
transmission medium unusable by other transceivers. Transmissions of less then 21') ms shall not be
afli;:|:t.e.d_ When the jabber circuit is activated, s:}g71:i£__qu:i£it;}'_er1'or shall be sent on Circuit -DI.

Circuit D0 shall also be monitored for transmissions in excess of the maximum packet length. If the
packet is longer than 20 ms, an attempt shall he made to deactivate the transmitter before the jabber cir-
cuit is activated, to avoid locking up the unit due to a non-MAU failure.

State diagrams defining the jabber function may he found in 11.2.3.

11.2.2 DTE PLS te MAU and MAU to DTE PLS Messages

11.2.2.1 DTE Physical Layer to MAI] Physical Ls.y'er Messages. The Following messages can be
sent by the DTE Physical Layer Entities to the MAU Physical Layer Entities (refer to '73 of this standard
for the definitions of the signals]:

Message Circuit Signal Meaning

output DO CD1, CD0 Output information

ontp :.et_.€ci.-Ea DO IDL No data to be output

11.2.2.2 MAU Physical Layer to DTE Physical Layer Messages. The feilewilig messages can be
sent by the MAU Physical Layer Entities to the DTE Physical Layer Entities:

Message Circuit Signal Meaning

input DI CD1, CD0 Input information

inp nt_;'d.ie DI EDL Ne input information

man_so.ci.lab.Ee Cl IDL MAU is available for output

signaE_qna.liiy_srror Cl CSO {BR} Error detected by MAU

11.2.2.2.1 input Message. ‘The MAU Physical Layer sends an input message to the DTE Physical
Layer when the MsU has a bit ofdata to send to the DTE. The physical realization of the input message is
a CD0 or CD1 sent bythe MAU to the DTE en Circuit DI. The MAU sends CDO if the input hit is a zero or
CD1 if the input hit is a one. The jitter and asymmetry on CD0 and CD1 shall be no more than that speci-
fied in 15.2.1,

]1.2.2.2.2 iupnt_io'.'l'.e Message. The MAU Physical Layer sends an inpntjdie message to the DTE
Physical Layer when the MAU does not have data to send to the DTE. The physical realization of the
.r'.nput__ic{lc message is the [DL signal sent by the MAU to the DTE on Circuit DI.

11.22.23 mr:u_una.i.labIe llrlessage. The MAU Physical Layer sends a nmnjveiisblc message to
the DTE Physical Layer when the MAU is available for output. The m.eI£_r31.'Eti-lathle message is always sent
by an MAU that is prepared. to output data. The physical realization of the mau_nva£lu-bile message is an
IDL signal sent by the MAU to the DTE on Circuit CI.

11.2.2.2.-1 signal_q'uoIity_en'or Message. The s1Ign.a.i_qua.li£y_error message shall be implemented
in the following fashion:
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[1] The sigr:a.l_qlmii!y_error {SQE} message shall not be sent by the MAU if no or only one MAU is
transmitting a legal length packet (as specified in this standard} on the coaxial medium, except as :1
part of the SQE selftest.

(2) Ifthe MAU connected to the local code is not transmitting, then the local MAU shall send the sig-
n.a.i_quoI£ty_srJ'ar message in every instance when it detects power in the collision enforcement
hand earlier than the time equivalent for reception ofa 512 bit data frame plus pnaamhlc arid SFD.

(3} When the local MAU is transmitting on the coaxial medium, all occurrences of one or more addi-
tional M.AUs transmitting shall cause the signc.i_quo£ity_crror message to he sont by the local MAU
to the attached DTE.

(43 When the MAU has completed a successful transmission of a packet it shall perfonn an SQE That
sequence. In this instance, the collision enforcement RF‘ signal is interpreted as an El-QE Test signal.

11.2.3 MAU State Diagrams. The operation of the MAU during normal transmission and reception can
be described by a state diagram that relates the functions of transmission, reception, collision detection,
and oollision detection testing. Figure 11-4, at the end of this subsection. shows the state transitions for
normal operation. Abnormal conditions are i1nplementation—sp-ecific.

The state diagram in Fig 11-4 does not describe the operation oftho MAU in detail. This is found in 11.2
and 1.1.3.

The operation of the jabber function is described by the state diagram ot'Fig 11-5. When the MAU Jabhor
state machine is in the INTERRUPI‘ or JAB state, outputs of the ll-[AU Jabber state machine shall over-
ride those of the MALT state machine.

11.2.3.1 MAU State Diagram Messages. The following messages are used in the state diagram:

E1) disahle_dats_driver. Desctivates the mechanism by which the RF data signal is impressed unto the
coaxial cable.

{2} enahle_data_drivcr. Activates the mechanism by which the RF data signal is irnpi-eased onto the
coaxial cable.

{3} dis-ahle_CE__I:lriv-er. Ileactivates the mechanism by which collision enforcement RF signals are
impressed onto the coaxial cable.

E4) eoah1e_C-E_drivor. Activates the mechanism by which collision enforcement RF signals are
impressed onto the coaxial cable.
m«ou__ovofl'oole. Signifies that the MAU is available for transmission {that is, there is no SQE
active).

(6) sf,gnoi_quo.iity_error |{SQEl. Significs that the MAU has detected a collision, it has successfully com-
pleted the SQE Test sequence, or the jahher circuit is active.

ET} start_SQE_test_timcr. Causes a timer to hegin counting so that the SQE Test signal may he sent to
the coaxial cable interface.

{3} positive_disnb1e. Prevents any RF‘ signal from being sent onto the coaxial cable.

11.2.3.2 MALT State Diagram Signal Names. The signal names used in the state diagram are as
follows:

{1} Powerfln. This signal signifies that power has been applied to the unit.
(2) rx_energy. When this signal is active, an RF signal on the coaxial cable has been detected either in

the data hand or in the collision enforcement band or in both. The delay in asserting or deasserting
this signal is sufficiently short that the delays specified in 11.3.4.5 are met.

(3) output. Signifies that data from the DTE is being presented for transmission at the AUI.
(4) tx_u.rnd (Transmit Unscrannhled Mode Delimiter). When the Unseramhled Mode Delimiter has been

detected in the transmit data sequence, this signal is asserted.
{5} rJt_I.1rnd (Receive Unscramhled Mode Delimiter}. When the Unsorarnblod Mode Delimiter has been

detected in the receive data sequence as it is conveyed from the coaxial cable interface, this E1,§EI.E.l is
asserted.

(6) SQE_tsst_tin1er. This signal is on during the time that the SQE Test Timer is engaged. At the end of
the time, this signal is deassertcd.

{'3'} rx {Receive}. As long as data is being presented by the MAU to Circuit D1 of the All}, this signal is
active. When the last hcit of the receive data has been presented to tho AUI. this signal is deasae-1-ted.

190'
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(3) ced (Collision Enforcement Detection). RF‘ signal power in the collision enforcement band causes
this signal to he asserted.

(9) ceI:l_window [Collision Enforcement Detection Window). This signal defines a period of time (a “quin-
dow’) during which collisions may occur. Its purpose is to distinguish collision enforcements from
SQE Test sequences on the coaxial cable. The window opens when rx_energ}r goes active and closes
a minimum of 365 bit times later. The maximum. time the window may be open is the minimum
frame length, plus preamble and SFD: 576 bits.

(10) 1'x_u.md_timeout [Receive Unsorambled Mode Ilelimiter Timeout). It is possible that the Receive
Unscramhled Mode Del.i.miter may be corrupted by a collision such that the bit-by-bit comparison
may not begin. This signal forces detection ofa collision due to failure to detect the rx_u.md within a
maximum time. The timeout begins upon receipt of RF signal in the data hand and ex-pi;-es 32 bit
times later.

(11) tx_#_rx (Transmit Not Equal to Receive}. Assertion of this signal occurs when a difference is
detected between the received data stream an.d the transmitted data stream.

(19) hhbw (Bit-by-Bit Window}. Bit-by-hit comparison shall he performed only for a time long enough to
guarantee that the last hit of the source address has been examined. This signal is asserted after
the UMD is received and throughout the bit—b§-'—bit comparison process. Toplace a bound on the loca-
tion of the source address relative to the UMD, the maximum prearnble length permitted for opera-
tion with the broadband MAU is 52 bits. This places the last bit of the source address no later than
143 hits after the UMJ1

(13) ced_g-"ate. This signal is a gating function that serves to shape the timing of ced during an S-QE ‘That.
It becomes true a minimum offi and a maximum of 16 hit times after the last bit has been presented
to Circuit DI and stays active 10 i 5 hit times.

(14) t:Ir_energy. This signal signifies that the MAU is attempting to transmit an RF signal onto the coax-
ial cable,

(15) Erame_timer. This signal is on from the beginning of output until it is reset or until it has been on
continuously for timeoutl s. The value of timeoutl shall be greater than 20 ms and less than
tirnooutfl.

(16) jsb_timer. This signal turns onwhen to: energy turns on and lasts until it is reset or until it has been
on continuously for timeout2 s. The value of timeout2 shall be greater than times.-.~ut1 and less than
150 ms.
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Fig 11-5

MAU Jabber State Diagram

11.3 MAU Ul1a.I'n.ctari..-sti

113.1 MAU-to-Coaxial Cable Intefflne. The following euhaectiune describe the intcrfnw between the
MAU and the broadband I:na.:ia.l i:neI:liu.m "l"he medium in a 75 Q C-ATV-t_1rpc hmndband cable l.I!I.fl-l.fl.l.lfll2ll:fl1
employing an ningle bidirectiunal cable with band-up-lit amplifiers and. fi.l1.ers., or dual unidirectional cables

with line amplifiers.

L1.-11.1 flacaiva Interface

1I.‘!.l.1.1 Eacaiva Input Impedance. 'I'he nnmirml input impedance at the mu-1've port nhall be
1'5 L1. The mt-|.1.rn loss within the date and cnllitiinn cnfnmement frequqr ban-rla alanll he at Ii.-ant 14 dB
with power npplied tn the MAU.

11.1-1.1.1.3 Receiver Squelch Ea-qulrumunta. There shall be a receiver Hquulcli that inhibits recep-
L‘lIJn cl‘ RF‘ aignala t.l'ml: are too law in level. Tl'Llfl squelch shall permit reception of RF‘ data or cl:-lliainn
unfureami:-n'l‘. aignala that are greater than ur equal tau -'7 dBmV 11113 as Jneailuriall by the n1ethu-cl nf
11.3.l.2.fi. RF‘ signals (data, cnliieian erifnreamaat. name. ur other signnlsl of lrvnla lower than -15 ::l'B1:nV
rm: l.l'1.I.ll be ignored.

‘The mceivc I-quelch for CE signal: shall be denved from I power det.£ctI:I1' with noise bandwidth g:re-ate:
than ar equal In 1.5 M1712 centered at the CE renter fiequemy.

l.Jl.3.l..l.'1 Ea-L-a:i1re Level Ra-qu.iruInauIl. The rl_'C(!'l‘l-‘B1’ -_-l1.al] op-a111|:e with RF data and CE aignnli-3
having level: from -4 :l.B-1'aV tan +16 dBa:iV rma. The nominal receive level shall be 1-6 clBm'lr' rmu.

11.3.1.1.-I Beer.-iver Selectivity and I..lIIe-airltjr flaqutremaanta. ‘I11: MAU Il'll'll.l up-erate in the
prenenoe rifaingle frequency {CW} signals adjacent tn the receive bend nftlm MAU and affect From the band
Edfiiffl. Hm!‘-ivnd at the following levels:

ll] 0 dHm‘l-" rrne at 0.25 MHz below and lllI|J\l'(l l.lllJ band
{2} ll} dHm‘v' rrma at 1.25 MHz belcrw and nbmru the band
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The receiver shall be capable of operating in a cable environrnerit loaded with TV signals (for example,
every 6 MHz in the USA]. The TV signals shall be no higher than +10 dBmV peak video at the receiver
coaxial cable interface.

11.3.1.1.5 Receive Input Mechanical Requirements. The receiver mechanical interface shall he a
75 321 female F-series coaxial connector. The connection to the broadband medium shall be th.rough a coaxial
drop cable with a mating male F-series connector. For single-cable configurations, the same connector may
be used for receive and transmit.

11.3.1.2 Transmit Interface

lJ.3.1.2.1 Transmit. Dutput Impedance. The nominal output impedance at the transmit port shall
he '35 £2. The return loss within the data and collision enforcement frequency bands shall he at least 14 dB
with power applied.

l].3.1.2.2 Transn1itted RF Packet Format. Figure 11-6 shows the transmitted RF packet format.

11.:i.1.2.:i 'I'1-anemit Spectrum and Group Delay Characteristics. The transmit RF data signal
shall be binary phase-slfiit-keyed (PSK) modulated and shall have a frequency spectrum equivalent to
hasehand raised—co.sine Njrquist filtering with a rollofl’ factor (a) of 0.4, and within the limits of Fig 11-1’.
For rectangular pulses, the filter characteristic is

mm_
$in[WT 1' 2}’

d Wm T u—;
H W"? = new “"5” ls l‘'‘’ ‘

F<=w<¥u—fl

Ru—m<=w<¥u+fl

h>=3u+fl

where T = one symbol time (100 us for 10 Mbfsl and a = 0.4. and the first term accounts for the sin xix spec-
trum ol‘ NR3 random data.

The total variation i.n group delay from Circuit D0 to the RF coaxil medium interface shall not exceed
2.0 ns in the frequency band from the carrier frequency to 4; 5 MHz, and 32 ns to :I: 5.5 MHz.

The collision enforcement (CE) signal shall be a constant amplitude pulse with controlled turn-en and
turn-nit‘ times. Random modulation may he added to reduce the probability of cancellation when more than
one CE signal is received simultaneously The modulated signal shall have an instantaneous frequency
within {].'I='5 M]-Iz of the CE band center frequency and shall conform to the spectrum mask specified in
l1.3.1.2.4. The random modulation may be derived fi-om the transmit NRZ data stream.
The GE signal rise and fall times shall approximate a Gaussian shape of the form:

Merl
where T = one symbol time and t < -E] for the rise time and t :5 ID for the fall time.

The CE and data RF signals shall not be transmitted simultaneously.

]1.3.l.2.-I Transmit Out--of-Band Spectrum. The transmitted power outside the specified band
Shall meet or exceed the relative attenuation (RA) specified below, under the following conditions:
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Fig 11-6
Pnuknt Format and Timing Diagram [All] to Coaxial Cable lnturfncnl

lll Transmitted packet length ii: 256 him with a 25.43 is intaval between packets, fur I-0'1 duly cycle anthe cable.

I31 Rufererice level I! an unmndulal;-ed earner. equivalent to the poatamble lrannmiuxd 1:-val.

[Ill RA in the attenuation in decibels relative :u the reference level outside The I-.lpeI.'.lfi-I'd band. measured
in :1 30 kl-1: n-mas bandwidth Inth a -.-idea filter at’ 300 Hz bandwidth or lass.

H in 13 MHz, the width of-data plun culluiinn er.1'nn-_-iament bands.

[53 MF 15 ‘the measurement frequency in MHz.

[6] NCEF15 the ETC‘1]lJ.EIlE_‘fl' ofthe nem-ea: edgte nfthe band. in M_HJ..

run. . min (53.55 +30 inl{M.F'- NCEF‘].’ 3]]

Future 11-8 grnphir.-ally ahiium the nttenuariun requirement for out-of-band power.

11.11.15 '1":-nnmiit Lmrol Requirements. The hansmittcr output power during '..ln.- FrCIIT..'.lfl'lh|€'
595 *1‘-|J'i1'l£ I‘-hi‘-' 5QE That of'Ll1e collision enforcement ai.g1'lal shallbe 10-00 rule’ pi.-ak—t.o-ps-ilk l.I1.I.£l- .1 75 L} load
(51 dBm‘-«’ nun}. T‘r1.u:n:atiu.n Ins: due to the up-z.-cified data filtering LI 1 dB; u-nnzimlut-d RF data signal
pawn!’ In 50 i:LBr|:I"lr’ runs. Transmit I:-utput. paw-er variations shall not exceed : 2 dB.

u.a.i.2.n Nontruumitting Signal lanlugn Requirement. 1'hc RE‘ dntn signal and tulliisien
nnfursfumuiu nigmil Iiiiikngie ta Ihi! coaxial cable interface while the MAU is not in it: trunsniisiaian made
uhall be less than -20 dflmv mun

11.3.1.2}! 'I'ranImit Spurious Output fl.etrulrmnant.A]1 spurious I5'ig'n.I1|.! fl-urn the tranumitbrar
(in-band and nut.--uI'-band} '~'-'11fle not transmitting; shall in: less than -20 £113-mV rina. All nguiriuuy. aignnln
Em-m thia trmmmitler while trnllnrrijtting data nr mllialun enjhrcement shall ht: liuluw the npectrum rnmlk
apui.'.'.ifl:~ri in 'l'l.3.L2.v1.
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Fig 11-7
Spectrum Mask for RF Data Signal

FELATIUE .I".'|'I'EMlJn!I||I||"|
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Fig 11.3
Tranit Gut-of-Baud Power Attenuation

11.-3.1.2.3 Collision Enforcement Signal Leakage Requirement. The collision enforcement RF
signal leakage to the coaxial cable during data transmission and while the MAU is not enfor-ziug collisions
Shall be less than 5 dBn1V rma. Leakage shall be less than -20 dB'rnV 1-ms when the MAU is. not in the
transmission mode.

]J.3.l.2.9 '11'ansm1't Output Mechanical Requirements. The transmit mechanical interface shall
be 3 T5 11 female F-aeries coaxial connector. The connection bu the broadband medium shall be through a
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coaxial drop cable with a mating male F-series connector. For single cable installations, the same connector
may be used for transmit and receive.

11.3.2 MAU Frequency Allocations. The broadband MAU uses a data band 14 MHz wide and an adja-
cent collision enforcement band 4 MHz wide. A single cable mid:-lplit configuration with a fi'equency ofi'set
of 156.25 MHz or 192.25 MHz between forward and reverse channels is recommended. Other configura-

tions, including dual-cable, where forward and reverse channels are on separate unidirectional cables, also
are permitted.‘ The preferred pairing for the usual North American 6 MHz channels is specified in Table
11.2-l. and Table 112-2. The tables also ape-oil}? the data carrier or collision enforcement center frequency
for each band, and for single-cable systems. the frequency translation and the headead local oscillator

frequtmcy.

11.3.2.1 Single-Cable Systems Frequency Allocations.’ Table 11.2—1 lists the permissible fre-
quency hand allocations for single-cable systems. The 192.25 llfl-I2. translation is recommended for all new
designs. The 156.25 MHz translation is allowed for compatibility with some existing systems. The
156.25 MHz translation results in a reversal ofthe data and collision enforcement bands, as the lower side-
band is used.

11.3.2.2 Dual-Cable Systems Frequency Allocations.‘ In nontranslated dual—cable systems trans-
mit and receive frequencies are identical. Table 11.2—2 lists the pennissiblc fi‘equo:I:1-cg.’ b-and allocations. In
some instances translated dual-cable systems are installed. In such cases the single-cable frequency alloca-
tions may be used.

Table 112-1

Single-Cable F'reqnencyA1location.s [Frequencies in ll[H.1)

'1‘H.dNSll1lT"['ER H'.ECET‘e"Flll.

'1‘:-aoslation 'l‘rsns1.ati.on
155.25 MHZ 152.25 MI-I:

Data Col] Enf "[‘ra|1amit. Headand Hu.'.o&l'l"I] Headand. Receive
Carrier Center Freq Band Local Os-c Band Local Ono Band

43 52 35.'i‘5—53.'F5 24535 192-2 lll 192.25 223-243

119 53 <1—l.'i'.'5—5El.Tfi 25'?_'l5 198-216 192.25 23-l—25'.'l

55 64 -|l'l.75—fit':.T5 259.75 2|]-I-222 192.25 2-l-0-253

+61 '70 fill-.'i'5—'i1.'?5 281.75 210-22-3 1953.25 345-254

6’? ‘IE 59.'i'5—'i"'.I'.'i|'fi 293.75 21$-23-I 192.25 252-270

5'3 3'-l 35.'i'5-33.75 3U'5.75_ 222-2-ll] 192.25 253-276
NOTES: {1} Some oftlieso optional bands are overlapping.
(2) Frequency tolerance ofthe data carrier and headcnd local oscillator shall each Inc 1 25 lsflz.
{E} -I- darmtea the prefened frequency allocation.

11.3.3 AUI Electrical Characteristics

11.3.3.1 Electrical Isolation Requirements. The MAU must provide isolation between the AUI
cable and the broadband coaxial medium. The isolation impedance shall be greater than 250 1:5} at fill Hz,
measured between any conductor {including shield} of the AU Interface cable and either the center conduc-
tor or shield of the coaxial cable. The isolation means provided shall be able to withstand 5l'llJ Vac 1-ma for
one minute.

The MAU power supply, ifprovided. shall meet the appropriate national requirements. See Reference [3]
for guidance.

‘The remainder of 11.3.2 and all of 11.3.2.1 and 11.3.2.2 are not part ofthe ISO standard. Frequency allocations are :1 subject. for
national standardisation.

‘ ero 1Ve - E
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Table 112-2

Dual-Cable Frequency Allocations [Frequencies in l.'|I[E[z)

Data Coll End‘ Date Cell Enf
Ca.r.ri.er FerII:e‘r Freq Band Band

43 52 36-50 50-54

49 BB §2—fifi 53-30

55 34 -I-B-62 62-36

71] 54453

57 76 60-74

73 82 EB-B0

235.25 244.25 223-242

241.25 253.25 234-24-B

241.25 256.25 240-254

252.25 252.25 246-260

259.25 252.25 252-236

265.25 274.25 253-272

NOTES: (1) Some nfthese optional bands are overlapping.
(2.1 Freq uency tolerance cfthe data. carrier shall be e 25 kHz.
(3) + denotes the preferred frequency allocations.

11.3.3.2 Current Consumption. The MAU may have its own power supply but is also allowed to use
the power supplied by the DTE through the AUI cable. When drawing current from the AUI, the current

shall not exceed (1.5 Ass provided by the AUI source. The MAU shall be capable ofoperating from all possi-
ble voltage sources as supplied by the DTE through the resistance of all p-errnissiblc AUI cables. The ll-[AU
shall not disrupt the broadband coaxial medium should the DTE power source fall below the minjmum

operational level under abnormal MAU load conditions. The MAU shall be labeled externally to identify
the nominal value ofcurrent required by the dance at the AU];

11.3.3.3 Driver and Receiver Requirements. The requirements for AU] cable driver and receiver
ccmpollente within the MAU are identical with those specified in Section T of this standard. The drivers
shall provide signals that meet the synimctry and jitter requirements ofCircuit DI defined i.n Section 7 and
the receivers shall accept signals that have traversed the worst-case lengths ofAUI cable.

11.3.3.4 AU] Mechanical Connection. The MAU shall be provided. with a 15-pin male connector as
specified in detail in the PLS.-"AUI specificatioris, in 7.6 of this standard.

l1-3.4 M&U Transfer Characteristics. Signals presented on Circuit D0 are transformed into signals

at the coaxial cable interface by delayirlfi them and by reformatting them. Signals at the coaxial cable
interface are transformed into signals on Circuit DI and Circuit CI by a different framing change and by
additional delay.

11.3.4.1 AUI to Coaxial Cable Framing Characteristics. Data presented on Circuit DO shall fi_1-st
be received dificrentially, thcn Manchester decoded into an NR2} data stream. The framing ofthe data shall

then be trelisformed into a new packet for presentation to the RF modulator in the following way (see
Fig 11-6 and Fig 11-9):

(1) Up to 5 bits of the incoming data stream may he dropped for detection and Manchester decoding
purposes.

(2) Beginning with the first zero. 20 bits of zero-one pattern shall be sent for receiver synchronization
and clock recovery.

‘ ero 1Ve - E
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Fig 11-9
Packet Fm-mat at Modulator Input

(3) The next two bits (zero-one in the incoming pattern) shall both be set to zero and form the Unscram-

bled Mode Delinliter {UMDI The UMD shall take the place ofthe zero-one in the incoming pattern;
it shall not be inserted into the data stream.

{4} All remaining bits in the preamble, SFD, and data fields shall be scrainblod {using a CCITT 1.7.29
scrambler plus a differential encoder per 11.3.4.1}.

(5) A postarnble GJEDFD} consisting of a zero followed by 22 ones shall be added immediately after the
last scrambled data bit [the postamhle is not scrambled}. The postamble may he extended to allow
controlled turnoff of the transmitted signal, as shown in Fig 11-6.

(6) All hits (unmodified preamble; UMD; scrambled preamble, SFD, and data; and poatamhle) axe
inverted.

{7} All hits sent to the RF modulator are differentially encoded. Figure 11-9 shows the appearance of
the data before and after the differential encoder.

{8} The SQE Test sequence shall be generated after a successful data transmission by tra_ns1'niti;i_ng a
collision enforcement RF signal with the timing shown in Fig 11-6.

Because the preamble of the inoomiiig data on Ch'_rcuit DD is modified, it is assumed that DTE5 generate
a. minimum length preamble ofai-'1' bits. The maximum preamble length is allowed to be 62 hits, as shown in
Fig 11-6.

]1.B.-1.1.1 Scrambler and Differential Encoding Ilaquironlents. The NR.’-S data shall be scram-
bled (using a UCITI‘ V.2E—]-type scrambler). A new seed shall be used by the scrambler for every new packet
presented by the DTE to the MAU. Figure 11-lfl is a diagram of a typical scrambler implementation.

The scrambled NEE data shall be differentially encoded (see Fig 11-11 for a typical i1nple];|1e|:1tation}_
The entire encoding process comprising the scrambling and differential encoding is essentially equiva-

lent to a division of the polynomial representing the data to be transmitted by the following polynomial:

l"rfxl= 1+:r1+r1"+r19+x-‘-33+:-94

11-3.4-2 Coaxial Cable to AUI Framing Characteristics. The MAU shall derno-clul:-Ito, difiierentislly
decode, and invert the received RF data signal to recover the scrambled and inverted data at-rcan1. Clock.
£11311 be reeovcred and a replica of the unfiltered and noninverted transmitted data stream shall be cre-
ated. The restored data shall be forced to a logic “one” state whenever no RF data signal is detected. This
IITUVI?-'T1tS fa-156 UMD detection and forces postemblc detection when no carrier is present.

The framing information contained in the RF data stream shall be used to reconstruct the received data

50 that 110 more than 6 bits are lost and no more than one bit added to the preamble Hold, and no hits are
added to 01' lost from the end of the transmit data. Detection of the UMD in the receive data shall irlilzlate.
after 3. fixed delay, a locally generated preamble sequence of zero-one pattern. This pattern “fills in” the
preamble bits altered due to the frerning infhnnation at the beginning of the packet: the zero-one synchro-
nization and clock recovery sequence, the UWID, and the cleficrarnblur sy'ncl'|_1'oniz.ati_o]1 aeq|_u3_rnu;c_
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Fig 11.10
Scrambler

D;

Fig 11.11
Differential Encoder

The MAU shall deseramble the received data using a self-synchrnniziI1g(C3CI'IT V.29—type) descramhler.
No prior knowledge of the seed used by the scrambler shall be assumed by the deacramhler circuit. The
deer.-rambler shall have valid output no later than 23 hit intervals after the UMD is detected by the
receiver. An example of a descrambler is ahown in Fig 11-12. The differential decoding performed by the
demodulator and the deacramhling fI1_nction are essentially equivalent to rnultiplying the received polyno-
rnia] by G-Ex) as defined in the scrambling and differential encoding requirements subsection above.

After the deecrambler is synchronized, 23 bits after the U'M_D, the eorrectljr descrambled receive data,
starting with the 24th bit aiter the UMJJ, shall he transferred to the Manchester encoder and therefrom to
the AUI. The delay from the detection of the UMD to the beginning of the locally generated zero-one pat.-

tern shall be cheeeli so that no more than -5 bits of preamble are lost, and no mflre than one hit added, in
trans1:oissien from Circuit D0 to Circuit DI.

The MAU shall detect the “zero” followed by 22 "oI1e.s” (the postamhle pattern) and, in conjunction with
the loss of carrier detection in the data hand or the presence of a eolhsion enforcement detection signal,

shall ensure that the packet presented to the local DTE has no extraneous bits added by the MAU to the
end of the packet.

‘ 6I'O 1V6 -
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Deseramhler

The SQE Test Signal shall be detected on the RF interface and the SQE signal shall be presented to Cir-
cuit CI of the transmitting MAU, subject to the timing restrictions of 11.3.nt_5.4_ If the signal is not
observed at the RF interface due to failure of‘ any element in the transmitter or receiver, no SQE signal
may be presented to the AUI. In the event of a collision enforcement, energy will appear in the collision
enforcement band within the ced_window time aficr energy first appears in the data band. Circuit CI shall
be asserted when collision enforcement is first detected and shall continue to be active until after the RF

signal on the RF port has subsided. Note that an SQE Test signal appended to a packet whose length is loss
than the ced_window time (less than the minimum allowed packet length) will be indistinguishable from a
collision enforcement, except by the MAU transmitting. The transmitting MAU shall take this into account
and shall not interpret energy in the collision enforcement bend to be a collision when the length of the
transmitted packet is less than the ced__w'indow time and the SQE Test sequence has been transmitted, See
the discussion in 11.4.2 for more information on ced_window.

11.3.4.3 Iflircuit D0 to Circuit DI Framing Characteristics. In the absence of a collision, the
packet format of the receive data at the AUI is identical to that of the transmit data, except that there may
he one more preamble bit than was sent at the transmit port and up to ti hits of the preamble lost. In the
presence of a collision, the receive data is undefined, but shall still be properly Manchester encoded.

11.3.-1:4 A11] to Coaxial Cable Delay Characteristics. The timing and delays associated with the
transmitter of the MAU are identified below. To ensure compatibility with all MAUs the delays identified
below cannot be exceeded nor traded off with other delays in the system.

11.3.4.-4.1 Circuit D0 to RF Data Signal Delay. The delay from a transition on Circuit DC at the
end ofa bit to the corresponding phase change ofthe RF data signal [such bit chosen so that an RF burst
phase change does exist] shall be no more than 24 bit times. The delay fiio-In the first transition on Circuit

D0 to the fig-st appearance of RF energy, however, is not specified except as it is determined by other timing
constraints.

l1..3.4.4.2 Circuit D0 to CE RF Output Delay. In the event that the MAU begins receiving e]1|31:'gy
on the coaxial medium just before the UTE presents data to theAUl, a collision shall be detected locally, as
described in Fig 11-4. The delay from the first bit at Circuit DD ofthe AUI to the presentation ufsnllisian
enforcement at the coaxial cable interface in this circumstance shall be 32 bit times maximum.

11.3.4.4}! ‘Transmit Pustamble to SQE Test Signal Delay. The delay from the initial transition of
the first bit of the pflstalnble (Broadband End of Frame Dclimitcrl measured at the RF port to the 5vil%
point ofthe rising edge ofthe SQE Test signal shallbe 35 :l: 3 hit times.

l1.3.-1.4.4 BIBLE Test Signal Length. The SQE Test signal length shall be 3-3 1 1 bit times as men.
sored at the 50% points of the RF signal.
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J.'|..3.4~.5 Coaxial Cable to AU! Delay Characteristics. The MAU receiver timing and delays
described below shall not be exceeded or traded off against any other delays in the system.

]].3.4.fi.1 Received RF to Circuit DI Delay. When there is no collision in progress, the delay from

the end of the SFD in the received RF data signal at the coanial cable interface to the end of the SFD on
Circuit DI, shall be a maximum of T5 bit times (see Fig 11-13]. The minimum is not specified, nor is the
delay specified at other locations in the packet. The end of the SFD in the received RF data signal [at the
coaxial cable interface) is defined as the time at which the envelope of the carrier would pass through the
midpoint if the firsl: hit following the SFD was a zero and the scrambler disabled.
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C|fll‘:lJlT ill
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Fig 11.13
No Collision Timing Diagram {Door to AUI)

11.3.-4.5.2 Received RF to CE RF Output and Circuit CI Delay. In the event that a oolljaion is
detected via the bit.-by-bit comparison, the delay from the end of the hit in which the collision was detected,
as represented by the RF signal, to the 50% point on the rising edge -of the collision enforcement signal
shall not Exceed 34 bit times. The delay from the same point to the first transition of Circuit CI shall not
exceed 27 bit times. Circuit C1 shall cease activity no more than 31 hit times afler activity on the RF inter-
face (in bath data channel and collision enforcement channel} ceases. See Fig 11-14 and Fig 11-15.

11.:-L-1.5.3 Collision Enforcement to Circuit CI Delay. In the event of a colljsion enforcement by
another MAU, the delay from the 50% point on the rising edge ofthe RF collision enforcement signal to the
first transition of Circuit CI shall be no more than 31 bit times. Circuit CI shall be active for a minimum of

5 hit times and shall become inactive within 31 bit times of the cessation ufactivitgr on the RF coaxial cable
interface, as shown in Fig 11-15.

11.3-4.5.-I Receive Data to BQE Test Delay. If a collision enforcement signal is received alter the
ced_win1loW signal becomes inactive {see (9) in 11.2,3,2), or if the MAU has transmitted an SQE Te-at
sequence, the MAU is to interpret the collision enforcement signal as an SQE Test signal. If the SQE Test
sequence is correctly detected {that is. the test. passes}, than the delay from the last transition of Circuit D1
to the first transition of Circuit Cl shall be at least 5 but not more than 16 bit times. Circuit Cl shall

remain active for 1D t 5 hit times. Only the transmitting MAU shall assert its Circuit CI as a result of suc~
eessfill completion of the SQE Test sequence.

If a collision enforcement signal is received before the oed_window signal becomes inaefiee, the MAU
shall interpret it as a collision enforcement and the timing nf11.3.4,5_3 shall apply.
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Wham the Mr‘L|'..T in trrun-I|ui1.I.1'u|,z In short puckul. I Iunvu Lhan 5TB hits}, the timing for Circuit C| ti."-‘mg um
SQE TL*.EIt seq uenuu. uh:-III hu I.h-A Hllmc as it in For nurmai leng-I-J1 paciceta. II‘ I,]-.9 MAI: [.1-ur|§unj_1_,fl H gh[|]1_
packet (less than 5TB him} than Iznurtuntclrn I-I mllininn and if the SQE ‘1‘t~.m.- :Fll.'.I:|1.ll1"I'II'.’(" has not In-.en

'.?i}-S
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transmitted when the eollision is deteclecl by the MAU, then the timingfor Circuit C] shall be the same as

it is for any normal collision.

11.3.4-.'? Interpacket Gap Requirement. The 1'rlAU shall be able and ready to transmit data pre-

sented to it by the DTE no later than 90 bit times after the last bit of a received packet was presented by
the MAU at its ALT].

EJFIEUJIDU '

PFlEfll'BLl: Q DATE
'99

M

|3IFlCIJl'|'|II

PREAMBLE E IJMR

NIJTEL TVIE5 Ill BITE

Fig‘ 11-16
Tilning atAU'l for Zero-I..ength Coax

11.3.4.3 Bit Error Rate. The MAU shall have a Bit Error Rate {BER} as measured at the ALT! lower

than one error in 103 in a “zero-length coax” test environment (that is, a coaxial cable conneeijen

sufiieiently short to have negligible delay and transmission impairments). It shall have this BER for
receive signal levels in the range specified in l1.3.1.1.3 and in the presence of -28.3 dBmV rms.r'14 1‘:-Ll-l.z
white Gaussian noise. This represents a 24.3 dB signal-to-noise ratio for the specified minimum signal

level, -4 d_BmV rms. For the same BER in a “system” environment (as opposed to ze'rn—leng1:h eoax), a 26 dB
signsl—to—noise ratio is required.

The MAU shall meet the BER requirements specified above when receiving strings of up to 33 eonsecm
tive identical bits.

11.3.5 Reliability. Go-mponent failures within the MAU electronics should not impede communication
among other l\-l.A.Us on the broadband coaxial cable. Connectors and other passive components comprising

the means of connecting the MAU to the coaxial cable shall he designed to minimize the probability of total
network failure. The MAU shall be designed to prmridc an MTBF of at least 1 000 +300 hours without caus-

ing communication failure among other stations attached to the broadband local network medium.

11.-1 System Considerations

11.4.1 Delay Budget and Network Diameter. The delay budget for the broadband MAU and rest of
the Physical Layer is tabulated in Table 11 .4-1. This table includes allocations for hunk cables {the back-

bone cables in the system], drop cables is length of 25 m is assumed}, etc. The velocities of propagation

assumed are included in the table; use of other types of cables will alter the system diameter accordingly.
The types of eables, including the mix of drop and trunk cable lengths, can be altered as long as the total
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propagation delay from the most distant MAU two the headend does not exceed ‘I'D bit times. The total delay
budget of 5'36 bit times includes allowance for the preamble and SFD (64 bits).

‘Table 11.4-1 tabulates delay allocations for a dual-cable system with no headencl delay. In translated sin-
gle-cshle systems, the hesdend translator delay reduces the omximuni trunk cable distance by [D:‘(2 X
CW}, where D is the delay in nanoseconds, and CV is the cable velocity in nanoseconds per meter. For
3.33 nsfrn velocity trunk cable, this reduction is [De1ayEns)! 7.65] 111-

TIll:IlE 11.4-1

Broadband Dual-Cable S3rstems—-Physical Layer Delay Budget

Maximum
Delay Element Allowed Value

{Bits}

DTEI Ei.1l.l'I.El to put out first bit 0.00
First bit from DTE1 at AUI 3.00

AUI Cable (50 in at 5.13 na-’nIJ 2.51’
Circuit DU 1-0 TI: RF Clot 24.01]

'1‘: Drop Cable {'15 m at 4.27 ns.FJ:oJ- 1.05
Ti Trunk Cable F1300 III at 3.33 nrulml 68.95

Rar Trunl: Cab1e{'2-5 In at 4.27 oatmi 58.95

Rx Dmp Cable (25 m at 4.27 ns.I'm) 1.05

End ui'B1I: Comparison [lost bit ofsource address) 1-Ei0.lJ-D
Rx RF to Collision Enfcrcemimt RF Ont {freon EX hit that is iiiuod to be in 34.00

error to collision enforcement out)

'1‘: [Imp Cable (25 in at 4.27 ns.Fm,‘r 1.05
T: 'l‘run.k Cable [1300 m at 3.83 nai'ro}'
Rx Trunlt Cable (13-00 m at 3.33 naflnl

Rx Drop Cable E25 In at 4.21‘ nsfml
R1 Collision E|'J.fi.1r1:.em.ent. tu Uircuit Ci
AUI Cable [50 m at 5.13 nailnl
DTEI Detects. Collision Presence
UTE] Jams Channel

Allowance for Traps. Splitta-.rs, Amplifiers, and Margie
Tbtal

1.1.4.2 MAU Operation with Packets Shorter than 512 Bits. The MAU transmits an SQE 'll3st
sequence onto the RF medium after every transmitted packet. If the frame plus preamble and SF!) is less
than the ced_windc-w in length. a receiving MAU cannot Itlistinguish the SQE Test signal from a collision
enforcement signal due to :1 collision. Therefore, operation of the MAU with data frames. aborter than
512 bits may cause all other receiving l‘u'IAUa to see a collision. The transmitting MAU, however, recognizes

the SQE Test because that MAU was the one that transmitted the test. AI1'MAU transmitting a shI:r1't
packet that encounters a collision can distinguish the resulting collision enforcent from an SQE Test sig-
nal by the fact that the transmitting MAU will not have transmitted the SQE Test sequence unless the

packet is shorter than the round trip delay on the cable plant. In the latter instance, the transmitting MAU
may not detect a collision enforcement.

11.5 Characteristics of the Coaxial Cable System. The cable system upon which the broadband MAU
operates shall meet the following electrical and mechanical reqifirents.

11.5.1 Electrical Requirements. The electrical requilemenla of the cable system are Hated in Table
11.5—1. Each parameter is applicable carer the Frequency range to be used by the broadband MAU.

Adjacent channel signal levels shall be consistent with the requirements of 11.3.1.1.4.
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Table 115-1

Gable Syst Electrical Requirents

Impedaum 7'5 1}

Return Loss 14 dB. min

Transmit Level +50 d.E-ml.’ £2 dB

Receive Level +6 dBmV:l-.11} dB

Itlsximum Receive Noise Level 1'31] dHn1‘Wl-l- MB:

Loss Vari.ation.* (per 18- MHz band} 2 dB min. 52 dB mas

Path Loss {between any transmit port and receive 36 dB min, 52 dB mas
port, i.ru:lu.di.ng luau wa.riatinan)

Group Delay Variation—u1-nund data carrier
—over 18 MHz band

“‘ Not including headend.

11.5.2 Ivleehanieal Requirements. The con.uect.ion of the cable system to the broadband MAU is via a
standard F-series screw-on male connector. For the dual-cable case. two such connectors are required: one
for transmit and the other for receive.

11.5.3 Delay Requirements. The maximum length of the cable systeau is constrained by the allowable
round trip delay from the farthest transmitting MAU to the farthest receiving MAU. Table 11.4-1 allows
140 bit times round trip delay in the cable system. For trunk cable propagation velocity of 3.33 us.r‘m, this
allows 3600 m of trunk cable (round trip; 18-00 In from the farthest point to the headend), and 25 rn of
4.27 nsim velocity drop cable at each l\'1AU. In addition, 50 m of AUI cable is allowed on each MAU, there-
fore allowing, in this case, a maximum of3'F5CI rn DTE to DTE separation. These lengths will be different if
cables of di‘Ei'erent propagation velocity are used. This is acceptable so long as the maximum delay is not
exceeded.

For single-cable systems, the maximum delay of 140 bit times includes the delay through the headend.
The maximum cable system length mustbe reduced appropriately, as describediu 11.4.1.

11.3 Frequency Translator Requirements for the Single-Cable Veron

11.6.1 Electrical Requirements. The head-end fiequency translator performance is included in the
cable system characteristics specified in 11.5, except as deiined in Table 11.6-1.

Table 11.6-1

Frequency Translator Requirements

Group Delay Variatinci
—erou.ud date carrier frequency 20 ns."1'|1 MHz men
—between data carrier and CE center frequency 60 us max

Amplitude Variation [fi-om 6 MHz below the input 2 LIB Ina:
data carrier fiuqueocy to 1 MHz above the CE
center frequency)

Translation Frequenxar per Table 11.3--1

The frequency translator contributes to total cable system delay and shall be labeled by the vendor with
the input-to-output delay in the band of operation. The effect on network length can then be computed per
11.4.1.
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1.1.6.2 Mechanical Requirements. The input and output mechanical interface shall be 75 9 female F-
series coaxial connectors. The connection to the broadband medium shall be through a coaxial cable with a
mating male F-series connector.

11.’? Environmental Specifications

11.’l'.1 Safety Requirements. This subsection sets forth a number of recommendations and guidelines
related to safety concerns. This list is neither complete nor does it address all possible safety issues. The
designer is urged to consult the relevant local, national, and international safety regulations to assure
cornpliance with the appropriate standards.

Local area network cable systems, as described in this section, are subject to at least four direct electrical
safety hazards during their use, a.nd designers of connecting equipment should be aware o-Etheae hazards.
The hazards are as follows:

(1) Direct contact between local network components and power or lighting circuits
(2) Static charge buildup on local network cables and components
(3) High—energ§r transients coupled onto the local network cabling system
(4) Potential diflerences between safety grounds to which various network components are connected

These electrical safety hazards, to which all similar cabling systems are subject, should be alleviated for
a local network to perform properly, In addition to provisions for properly handling these faults in an apex.
atienal system, special measures shall be taken to ensure that the intended safety features are not negated
when attaching or detaching equipment Erom the local area network medium of an existing network.

Sound installation practice, as defined in applicable national and local codes and regulations, shall he
followed in every instance in which such practice is applicable.

11.7.2 Electromagnetic Environment

11.7.2.1 Snscep-tibil.ity Levels. Sources of interference from the environment include electromagnetic
fields. electrostatic discharge, transient voltages between earth connections, etc.

The physical MAU hardware shall meet its specifications when operating in an ambient plane wave field
of:

(1) 2 Wm from 10 kHz through 30 MHz
{2} 5 Vim from 30 MHZ through 1 GHZ

MAUS meeting this section should provide adequate RF ground return to satisfy the EMC specification.

11.7.2.2 Emission Levels. Tlie physical MAU hardware shall comply with the applicable national and
local reg1Jlat.-ions for emission levels.

11.7.3 ‘Temperature and Humidity. The MALT and associated cable system a1'e expected to operate over
a reasonable range of environmental conditions related to temperature, humidity, and physical handling
such as shock and vibration. Specific requirements and values for these parameters. are considered to be
beyond the scope of this standard.
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12. Physical Signaling, Medimn Attacbment, and Basebarid

Medium Specifications, Type IBASE5

12.] Introduction

12.1.1 Overview. IBASEE is .3 1 bible CSELMCD network based on twisted pair wiri]1.g', Each DTE [Data
Terminal Equipment) is star-connected to a shared hub through two pairs that function as transmit and
receive channels. Hubs can be cascaded. and DTEs can be connected to any hub. Packets transmitted by a
DTE are propagated by the hub to a higherhlow.-.1 hub if one exists; otherwise the hub broadcasts the packet
back down to all DTEs and lower-level hobs. Packets received by a hub from a higher-level huh are 1-ct;-ans-
mitted to all attached DTEs and lower-level hubs. If two or more DTEs or lower-level hubs transmit can-

currently, the hub generates a collision-presence signal thal. the D’I‘Es detect. as a. collision. Hubs between a

transmitting DTE and the header (highest level) hub propagate data or the collision-presence signal to the
header huh; this hub in turn broadcasts the packet or collision signai to s.|l DTEs and lower-lev el hubs.

12.1.2 Scope. The LBASE5 specification builds upon the first sis: major sections of this standard; the
remaining major sections {other than this one, of course) do not apply to 1B-ASE5. That is, the Media
Access Control (MAC) and Physical Signaling (Pl.-S} Service-Specificatiolls are used in common with the
other implementations of this standard, but the Physical Medium Attachment. {PMAJ sublayer, transmis-
sion medium, and hub functions for 'I‘ype 1B%EE are specified hi this section. The relationship of the
1B-ASE5 specification to the US] Reference Model and the LEEE 8-02.3 CSMNCD LAN Model is shown in
Fig 12-1.

12.1.3 Definitions

bit cell. The time interval used for the transmission of a single data (CD0 or CD1} or control (UVII or CVL)
S'jfII1lJOl.

bit rate (HR). The rate of data throughput on Lhe medium (in his or H2, whichever is more appropriate to
the context). See 12.3_2.4_1_

bit time {ET}. The duration (of transmission} of one bit symbol (bit cell) (HER). See 12.3.2.-4.1,

earI'ier' sense. In a local area network, an ongoing activity (Its data station to detect whether another sta-
tion in transmitting. Note that the signal provided by the P13 to the PMA sublayer indicates that one or
more DTEs are currently transmitting.

Clo-eked Data One {CD1}. A Manchester encoded data “I.” A CD1 is encoded as a LG for the first half of
the hit cell and :1 HJ for the second hnlfofthe bit cell.

Glocked Data Zero {CDO}. Allianchester encoded data "D." ACDU is encoded as a HI for the first half of
the bit cell and a LD for the second half of the bit cell.

Clo-clued Violation HI (CVED. A syinhol that deliberately violates Manchester encoding rules, used as
p.a.r1: of the Collision Presence signal. A CV1-I is encoded as a. transition from L0 to HI at the beginning of
the hit cell, HI for the entire bit cell, and a transition from III to L0 at the end ofthc hit cell.

Cl-oeked Violation L0 {CVL}. A symbol that deliberately violates Manchester encoding rules, used as
part of the Collision Presence signal. A CVL is encoded as a transition from HI to L0 at the beginning of
the hit Cell, LU for the entire bit cell, and a transition from L0 to H1 at the end ofthe hit cell.

collision. A condition that results from concurrent transn-| issions on the physical medium,
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n HIGHER : I HIGHER
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SESSION

TRANSPORT

CONHECTTON TD
EITHER SIS’-‘HUNG OH
IDWEFFLEVEL HUBS

Owrnoum.
BDNHEGTIQN TD

HIGHEWLEVEL HUB

PM 13-I

IBASE5 Relationship to the [50 Open Systems Interconnection [0511
Reference Model and the IEEE 802.3 GSMAJDIJ LAN Made]

Dnlllulnn Presence [UP]. The non-Munrhentn.-r mgna] generated by hub: to rr.-pun. mllisiumu and same
ermr cnnditinmnal. See 12.3.2.4.3 for rlc,-‘Leila.

hauler hub {EH}. The i;:1gln!st—lew-J huh an n hmrnrchy I:-I hubs. Ihe H1-1 hrtmdtnilx Kimmie transmitted
la in‘. by Iuwen-level hubs at DTE5. nun-.h than they run he received by all DTEs that may be eunneded to it.
either directly or thmugh intermetiime huh: S:-4: 12.2.1 fer details-

h1:h.A devire used to prmnde cerLm-cnvnty between DTE5. Hubs perfume the basic funcueruu ofrestuzring
ngnau Implnude and oall'm'u:n datectiun mm] notification, and signal bruadcuu.-ct to lmrer-leI.'el hubs
and UTE:

ld1e{lIl'lL]. A signal condition where no tmrmltian occurs on the transmmalun lim.-. It is usual to defim-. the
time but-Ar-n-.en packet:-L. See 12.E|.2.-1.-'1. For details.

In Lerluedlute hub {1H).A hub that ecu-uplea-+ rm_',- level below the header hub in n i1iurur¢.-lty of hubs. See13.2.] for dt1'Lu.i]E.
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Jabber Ftuieti-on. A mechanism for controlling abnormally long transmissions.

special link (S-L).At:ransn1ission system that replaces the normal medium. See 12.8 for details,

12.1.4 General Characteristics. Type IBASEE has the following general characteristics:

(1) 1 Mbfs signaling rate, Manchester encoded
(2) Twisted pair wiring

{3} Point-to-point interoomiection of DTEs to hubs, with one twisted pair serving as the upward link,
the other as the downward link

(4) Data pairs can coexist in the same telephone cable bundles as voice pairs

(5) When a hub receives signals from a DTE or lowe'r—level hub, it propagates them to a higher—level
hub if one exists; otherwise, the hub broadcasts the signals back down to the DTEs and lower-level
hubs

{Bl ‘When a hub receives signals concurrently from two or more DTEs or lower-level hubs, it generates a
unique collision presence signal, and distributes it as in (5) above

(Tl UTE-to-hub and hub—to-hub interfaces are electrically isolated at both ends
(3) Up to five huh levels are allowed
{9} Hubs serve as repeaters

E10} Maximum DTE-to-hub and hub-to-hub distance is approximately 25:] m for telephone wiring (cable-
type dependent; see 12.7)

(11) Special links may he used to extend some D-TE-to-hub or huh-to-hub distances to 4 km

12.1.5 Compatibility. This specification calls out one principal compatibility interface, namely PMA-to-
Medium. It is intended that different implementations of DTEs and hubs be able to interoperate in
IBASES networks.

12.1.8 Objectives of 'I'ype IBASE5 Specification

(1) Provide for low-cost networks, as related to both equipment and cabling

(2) Make it possible to use telephone-type building wiring, and in particular spare wiring when
available

{3} Provide for easy installability, reconligurability, and service
{4} Ensure interconnectability of independently developed DTEs and hubs
{5} Ensure fairness oi'DTE access

{3} Provide a communication channel with a resultant mean bit error rate, at the physical layer service
interface, ofless than one part in 103 (on the order ofone part in 10” at the link level)

12.2 Architecture

12.2.1 Major Concepts. Type 1B-ASEfi is a l Mbfs CSMNCD network. DTEs are connected to hubs {and
hubs to other hubs) by point-to-point wiring, resulting in a star topology network, Data transmissions are
Manchester encoded.

An elementary coniignralfion is illustrated in 12-2. hithis instance, each DTE is connected to the hub
via separate transmit and receive channels (normally two twisted pairs). The hub serves as the point of
concentration and performs two major functions: signal regenerationfretimiiig (repeating) and collision
detection. When only one DTE transmits, the hub repeats the signals, compensating for amplitude and
phase distortion, and broadcasts to all DTEs. When a hub detects two or more DTEs transmitting concur-
rently, the hub generates a unique Collision Presence (CPI signal, which it broadcasts instead of the origi-
nally transmitted signals. The hub continues to send GP until it receives IDL from all lower-level DTEs.
GP has the property that it can be detected by D"I‘Es as a Manchester code violation,

The interconnection architecture does not imply any minimum, typical, or maximum number of D-TEE. to
be connected to a given hub; this is an implementation or installation detail.

Up to five levels of hubs may be cascaded. A two-level configuration is illustrated in Fig 123, with a head.
or hub (H11) and intermediate hubs {IH}. There can be a number of [Hs; there must be one and only one I-El-I_
Each DTE or lH is connected to a hub via separate transmit and receive channels {normally two twisted
pairs). An IH propagates signals from its DTEs toward the HH; it sends CP toward the H_H in the event of
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Network with Four Leve-1.11 of Hubs

l2.2.2 Applicntiun Perspective. The pr:'rr1-.:r3.- .1pu|L-:.':LJnn area fnr t3-‘pea 1H."1LHF..'I |'.-|. expected to be in
aflln-. 4-mrir-::nmenI.a for nt-lwurking EI‘['E2:+ auch u-1 pa-r=:nna.1 camputeru or nth:-r wtlrkqtutioun. In n1.-.n3r

rnfiafi, fipnro w'i|:'ing contained in existing tel:-_ph1:Inr Wirr: [J-|.Ir".dlE-5 will be used.

122.3 Packet Structure. I'nv.:'scL-1 am '.ran:5.n1i!.‘.cd fr:-um the PLS tn The PMA a-.I+ I"-Illtm-':='_:

r.rIi]E‘I‘II:E‘2- cpruarnhln <:<fi:l:- -:data.:- -:I:td:=- -n:iIr.-1n:L-:-

Thu packet elements Hhull have the fnllrming t‘J'I;Irur.'lI:riHiI=::i:

flluum Quagantefisficq
<s:a1L-urn: No transitions

-r|1r1*.‘ln)HI:‘:.~ .fi.Jterr-..a'_'mg CD1 and [TIJD far «.55 but [Irma-5Le1'-.ding1n (‘l‘.I1:I.
cuni-, {rm CIJU CD1 CD0 (rm 1‘I1uL‘h1 PI):
r_|.h.iL£|..- H x N instances nf CD0 or CD1

-ct.-Ed‘: !"‘1n.-51. part of IDL

12.2.3.1 Silence. 'l‘hr.-. <riilI:IIce> cI::|ir'ni|.ur pr'Iwid1'-H an n-hawvatinn winrluw fhr urn UlIR|WCifi|3l] [lL‘.l'i0l'I I1!"
linw durim: wh.ii:;I1 nn I,'mn:4it'IunE: occur. The rninhmlrn duration of «:e-f.rl:.v- Ihlliawc-d by cuil-anew is the

Illll.-rl“rI1meGup defined in 4.4.2.2.
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12.2.3.2 Preamble. The -::ppeamhle:u delimiter begins a pacl-mt transmission and provides .-.1 signal for
rcceiver synchronisation. The signal shall he an alternating pattern of CD1 and CD0. This pattern shall be
transmitted by the UTE for a minimum of 55 bit times at the beginning of each packet. The last hit of the
preanmble (that is, the final bit of prearnhlc before the startrof—fi'ame delimiter) shall be a CD0.

Tl1e DTE is required to supply at least 56 bits -ofprearnhlc in order to satisfir system requirements. System
components consume preamble hits in order to perform their functions. The number of preamble hits
sourced onsures an adequate number ofbits are provided to each system component to correctly implement
its Function.

l2.2.3.3 Start-of-Frame Deliuiiter. The -=".Sf[l‘:- indicates the start of a frame, and follows the
preamble.

12.2.3.4 Data. The <:data> in a transmission shall he in multiples ofeight [Bl encoded data bits {CDCIs
and CD-‘Isl.

12.2.3.5 End-of-Transmission Delimiter. The <etd.> indicates the end of a transmission and serves

to turn offthe transmitter. The signal shall he the first part of an IDL.

12.3 DTE Physical Signaling (PLSJ Specification

12.2.1 Overview. This section defines logical characteristics nf the DTE PLS sublayer for 1'l1ASE5. The
relationship of this specification to the entire standard is shown in Fig 12-5. The sublaycr and its relation-

ship to the MAC and PMA sub-layers are described in an abstract way and do not imply any particular
irnplcrnontation.

12.3.1.1 Summary of Major Concepts

ill There arc two channels between the PLS and PMA sub-lajrers. Output data are passed through the
output channel and input data and control (GP) are passed through the input channel.

{2} Each direction of data transfer through the PLS operates independently and simultaneously (that
is. the PLS is full duplex).

12.3.1.2 Application Perspective. The DTE PLS suhlayer performs the following functions:

(13 Encodes 0UTPUT_UNl'Ih fi‘IJ1'n the MAC sublayer into a Manchester encoded waveform that it
sends to the PMA suhlayer output circuit

(2) De-codes a Manchester encoded waveform from the PMA subls,yLr input circuit into INPI,."I‘_U'NI'I'S,
CARH.[ER_STAfl‘US, and SlGNAL_S'1‘ATUS

12.3.2 Functional Specification. 'I'his section provides a detailed model for the DTE PLS sublaycr.
Many of the terms used in this section are specific to the interface between this sublajrer and the MAC

sublayer. These terms are defined in the service specification for the PLS suhlayer (sec E3}.

12.3.2.1 PLS-PMA Interface. The PLS and PMA communicate hy means ofthe following messages:

Mesa-are mama flaunt
outs in Output. information PLS

out,ou£_£d.te No data to be output PLS
input Input information PMA

in.pu£_irITc No input information PMA

l2.3.2.1.1 output Message. The PLS sublayer sends an output message to the PMA suhlnysr when
the PLS :-mhlaycr receives an DUTPUT_UN'lT from the MAC sublaycr.

The physical realization of the output message is a CD2] or a CD1 sent by the PLS to the PMA, The PIS

sends I1 C-DU if the UU'TPUT_Ul\lIT is 3 ZERO I11? :1 CD1 ifthe C'UTl‘UT_UNIT is 3 CINE, This message is
ti.rne~ccciecl. That is, once this message has been sent, the function is not tiflrnplctad until one bit, time lain;
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Fig 12-5
Station Physical Sigtnaling‘, Relationship to the ISO OS] Reference Model

and the IEEE 392.3 CSMNCD LAN Model

The output message cannot be sent again until the bit cell being sent as a resuit ef sending the previous
output message is complete.

1232.12 au.tput_:'d£e Message. The PLS suhlayer sends an eutput_5'dh!s message to the PMA sub-
layer at all times when the MAC su1:-layer is not in the process of transferring output data across the MAC
be I-‘LS interface. The auI?_aut_iI:.EIe message is no longer sent (and the first DU'I‘PUT_UNI'I‘ is sent using the
output message) when the first 0UT'P'U'I'_UNI']? of a packet is reeeived fre-in the MAC snhlayer. The out-
puljdle message is again sent to the PMA when DATALCOMPLETE is received from the MAC sublayer.

The physical realization of the carpi.-:1_:'d£e message is IDL sent by the PLS tn the PMA,

12.3.2.1.3 input Message. The PMA suhlayer sends an input message to the PLS aublayer when the
Pliirkhas received a bit from the medium and is prepared to transfer this bit to the PLS.
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The physical realization of the input message consists of data units, CD0, CD1, GVL, or CVH, derived
from the incoming data stream. If ambiguity exists due to excessive noise or jitter, the PMA may send an
arbitrary combination of these.

12.3..2.1..4 input_id1e Message. The PIVIA sublayer sends an inpu.t__id1c message to the PLS sub-
layer when the PL-[A sublayer does not have data to send to the PLS sublztyer. This condition exists when
carrier is lost or IDL is received.

12.3.2.2 PLS-II-‘LAC Interface. The PLS and MAC communicate by means of the following messages:

Message Meaning 5.1:-_uLr.c
0UTPUT_UNIT Date sent to the PMA It-[AC

0UTPUT__S"I'ATUS Response to CIUT'PUT_ UNIT PLS
1NPUT_UN'IT Data received from the PMA. PLS

CARRIER_STATU3 Indication of input activity PLS
SIGNAL_STATUS Indication of erronino error condition PLS

12.3.2.2.1 DUTP'U'l‘_'I'.J'N'IT. The MAC sublayer sends the PLS sublaycr an CIUTP'U"'l"_UN'IT every
time the MAC sublayer has a bit to send. Once the MAC E-11J.bifl_YEI' has sent an O-UTPUT_,_UN'IT to the PLS
suhlayer, it may not send another DUTPU'I‘_UN]T until it has received an OUTPU'I‘_STATUS message
from the PLS sublayer. The DUTP'UT_UN1T is a ONE if the MAC sublayer wants the PLS sublayer to send
a CD1 to the PMA sub-layer, s ZERO ifs CDO is desired, or a DATA_CGMP'LETE ii'an IDL is desired.

123.233 0UTPUT_STAT'|.TS. The PLS sublayer sends the MAC suhlayer an OU'I‘P'UT_STATUS in
response to every 0UTPUT_UNIT received by the PLS sublayer. C-UTPUT_STATUS sent is an
OUTPUT_I*-IEIXT when the PLS subiayer is ready to accept the next OUTPUT_U'NIT fi-om the MAC sub-
iayer. [The purpose of DUTP’UT_STATUS is to synchronize the MAC sublaver data output with the data
rate of the physical medium.)

12.33.23 INP'UT_UN[T. The PLS sublayer sends the MAC sublayer an LNPUT_UN1T every time
the PLS receives an input message from the PMA sublayer. The INPUT_UNIT is 9. ONE if the PLS sub-
layer receives a CD1 from the PMA sublayer or a ZERO if the PLS sublajner receives a CD0 fi-om the PNLA
suhlayer. The 1N'.P'UT_UNIT may be either ZERO or ONE if the PLS sublayer receives a CVL or CVH from
the FMA sublayer.

l2.3.2.2.4 GAHR]ZER_STATUS. The PLS sub-layer sends the MAC sublayer_CAERIER_STA.TIJS
whenever there is a change in carrier status, as detected by the PMA. The PLS sublayer sends
CARE[ER_DN when it receives an input message from the PMA and the previous CA-RH[ER_STATUS that
the P15 sublayer sent to the MAC suhlayrer was C.ARRIER_OFF. The PLS suhlayer sends CARRIER_-OFF
when it receives an input_i'¢fle message from the PMA sublsyer, and the previous UARRIER_STATUS that
the FLS subiayer sent to the MAC sublayer was CARItIER_0N.

12.3.2.2.5 SIGNAL__STATUS. The PIS sub} aver sends the MAC suhlayer SIGNAL_STATUS when-
ever it detects the beginning or end of Collision Presence, The PLS suhlayer sends SIGN'AL_ERRDR when
it receives input message CVL or {NH from the PMA sublayer and the previous SIGNA_L_STATUS the
PLS suhlayer sent was NU_SIGNAL_ERRDR. The PLS suhiayer sends N0_SlGNAL_ERROl'-L when it
receives an inps£_i:i.'£e message from the PMA suhlayer and the previous SIG-I'~iAL_STATUS that the PLS
sent to the MAC sublayer was SIGNAL_EH'.E'.DR. The PLS shall send SIGNAL_ERH'.OR to the MAC sub

layer when the Collision Presence pattern is detected; it may.’ send SIGNAILERRUR any time it 1"e:t‘:eiv+;:S
an input message that is neither CDC! nor CD 1.

12.3.2.3 PLS Fluictions. The PLS suhlayer functions consist of four simultaneous and asynchronous
functions. These Functions are Output, Input, Error Sense, and Carrier Sense. All of the four functions are
Etarteti immediately following Pnwerfln. These Functions are depicted in the state diagrams shown in
Fig 12-5 through Fig 12-9, using the notation described in 1.2,].
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Fig 12-6
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l2...'l.2.3.1 State Diagram Variables. The variables used in the state diagrams and 1.]:-is correspond-
Eng dcscriptirinh are the following:

r1.I Inter Prnxrr.-as F'i‘u._;.-2

disublt!_S[GNFLL_ERRDR Used in the state diapzlms and fo.nI:*_inn!i, It is. Lined by the Input I-‘-unc-
tinn ln prom-wit False collision detection by the Error Hensrs Function dun-
itlg premuhlr Htartllp.

pI'oi.or.t’I‘i|I1::r Ll:-nod by the Carrier Sense F‘IJ_ncti-rm to implement. Hm pnmtuctian period
deacriba-rl in l2.5.3.2.3. [t is started by "sLu.ri.—prot.eI:t'[‘imo.r."
“'prc-l:e<.'t'[‘itnm' _drmr.*‘"’ I3 satisfied when the tinior him I.*xpirI.=I.d._

I|2.3.2.3.2 Output Fmmtiatl. The Output Function |;ra.n.spa.I'en1;l1.r perfunnn tho 'I.fl.fli£ nfrlata transfer

Bum Lhi: MAL‘. sublajrer to the PMA sobluyrr. The mm: diagram of Fig 12-6 depicts the Uutput Fumztion
up:-r:aI;inn_

12.:I.::‘.,3.3 Input Function. The Input F'umTt.]'on lrunspareacly performs the LELHH. of din ‘-_rangfI.-r

from that Phrbk aublnyer to the M.r5.C sublnyr-.r. ”I'h:~. state Giagnam of Fig 12-7 depicts Hm Inpu: Fumztinn
tiporzitinn

I2.'.'l.2.3.4 Error Sense Function. Thu.-. Frrnr Sense Functimi performs: the task of sending
SIG:‘*I.v'LL_ S'I'.:"1.TUS to the MAC auhlriyer at the beginning and end of the «Collision I‘rt*rar.+no«:- putbcrn. The
Htnlr di-z1gra.nL of Fig 12-3 depicts the Error Sq:-mac Furu:'i.in'n operation-

.l‘2.EI.3.3.5 Carrier Sense Function. The Carrier Sense I<‘1J.I1t'.t.io-I1 periiorms [.119 task of sending
(.'-AH-HI|‘1|1,,5T:A.TUS to the Tm‘-KC :e.uhl£l5n:I' whom.-.v+I.r the input becomes active nr itllo, mi detected by the
I'M-=1 5Ui1lH)'l’-'T- The 5*-Elf-9 diflgrain ni"F'ig 12-B l3iI.!]'li1.:iH the Carrier Sense Function oporiitix:-ii.
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CARRIER ON HOLD CARRIER ON

I CARRlER__DN

Fig 12-9
DTE PL5 Carrier Sense Function

A timer may be used by the Carrier Sense Function to implement the protection period described in
12.5.3.2.-'3. It is started by “start-—protect.Timer" and asserts “pm-tectTimcr_done” after D to 30 its since
starting.

12.3.2.4 Signal Encoding. Five distinct symbols can be transmitted on the line: CD0, CD1, CVL,
UVH. and IDL. OF these, CV1. and CVH are transmitted only as part of the collision presence reporting
pattern CF‘.

12.3.2.-1.1 Data Transmission Rate. The data transmission rate {ER} is 1 Mb-‘s 1- 0.01%. A bit time

(ET) is therefore nominally 1 us.

12.3.2.-1.2 Data Symbol Encoding. Manchester encoding is used for the transmission of packets.
Manchester encoding is a binary signaling mechanism that combines date and clock into bit cells, Each bit
cell is split into two halves with the second half containing the binary inverse of the first half; a I.-rensitinn
always occurs in the middle of each hit cell. During the first hslfofthe bit cell, the encoded signal is the log-
ical complement of the bit value being encoded. During the second halfef the hit cell. the encoded signal is
the uneomplemented value of the bit being encoded. Thus, a CD0 is encoded as a bit cell in which the first
half is HI and the second hslfis LO. ACD1 is encoded as a bit cell in which the first halfis L0 and the sec-

ond half is HI. Examples of Manchester waveforms are shown in Fig 12-10. The zero crossings of an ideal
Manchester Waveform occur on precise half-bit-cell boundaries. The zero crossings of reel waveforms may
include timing jitter that causes deviation from these “idealised zero crossings”,

12.3.2.4.3 Collision Presence Encoding. Two signals, CVL and CVH, that are transmitted only as
part or the collision presence reporting pattern, UP, violate the normal Manchester encoding rule requiring
El transition in the middle of each symbol. A CVH is eneeded es a transition from L0 to H1 at the beginning
of the bit cell. HI for the entire bil. cell, and transition from 1-11 to DO at the end of the bit cell. A CVL is

encoded as a transition from Hl to L0 at the beginning of the bit cell, Li} for the entire hit cell, and transi-
tion from L0 to HI at the end of the bit cell.

The Cullision Presence reporting signal. CF‘, is a special sequence that clifiers fi'orn any legitimate
Manchester-encoded signal. Cl"-' is encoded as a repeating sequence of 1 bit time L0, 1152 bit time HI, 1 bit
1711119 I-0. 1 bit time HT, U9 hit time L0, and I bit time HI. This may also be interpreted as repetitions of the
five-aymt:-ol sequence CVL, CD0, CD1, CIHJ. CVH. Should a. trsnsmitter's or receiver's timing be shifted by
1.."‘2 bit time, then the same sequence will be interpretable as repel.-it.i:ms. of CD1, UVL, CV1-I, CD1, CD0. In
either CREE. the presence of non—Manchester symbols distinguishes the sequence from data Examples of
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12.3.2.4.-4 Idle Line Encoding. The line condition IDL is also used as an encoded signal. An IDL
always starts with a HI signal level. Since IDL always starts with a [-11 signal, an additional tnmsifinn will
be added to the data stream if the last bit sent was a zero. This transition cannot he confilsed with clocked
data (CD0 or CD1) since the transitionwfll occur at the start of a hit eel]. There will be no t,-ransit.-inn in the

middle ofthe hit cell. 'I‘he H] signal level, as sent by a transmitter, shall he maintained for a mi_1:1j_mu_m of
2 bit times.

12.4 Hub Specification

12.4.1 Overview. This section defines the logical characteristics of the hub used in 1B.ASE5_ The rela-
tionship of ‘this specification to the entire standard is shown in Fig 12-12.

[BI IEEE 502.3 CSMNCD
REFERENCE MODEL LAN MODEL

I t

HIGHER I 1' HIEHEFI

FHYSIGHL

SIGNALING

PHYSICAL FUHT PORT UPPER
MEDIUM PMA PMA FMA

.5.TTihCl-IMENT

MDI
MEDIUM PDFIT POHT UPPEFI

DEFENDENT MCI-I MDI Mon

INTERFACE __ _

CONNECTION TD
UTHEFI S'|I|'IDNS OH
LCMI'ER*LE\.I'EL-HUBS

|!.‘.|P'|"IC|NAL
CONNECTION TD

HIGHER-LEVEL HUB

Fig 12-12 -
Hub Relationship to the 081 Reference Model

and the JEEE 302.3 GSMAICD LAN Model

12.-1.1.]. Summary of Major Concepts

(1) A hub consists of a Huh PLS suhlayer and a numb-er ofiostsnces of the PMA sublayer,

(2) One instance of the PMA suhlayer, the “upper PMLA,” provides a connection to a higher-level hub.
This PMA is not required for the header hub,

(3) Each OH‘-he remaining inst‘-annes of the PMA sublaycr, called “port PMAs,” provides a connection to a
DTE or slower-lev-e1hub_
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(4) The Hub PLS transfers data in two directions: upward from the port PMAs, to the upper PMA and
downward From the upper PEI-IA to the port PMAS.

{E} The upward and downward “sides” of the hub operate independently and silnilltanoously.

12.4.1.2 Application Perspective. The hub is a physical layer entity that performs two fim_c,tion5:

{1} It retransmits incoming signals with amplitude and timing restored.

{2} It detects collisions between any two or more ports and reports knowledge of the collision by trans-
mitting a special collision presence reporting pattern.

12.4.2 Huh Structure. Each hub is functionally divided into two parts‘. the upward side and the down-
ward side. The upward side is responsible For combining the transmissions from .'C|TEs and hubs lower in
the network into a single transmission to the next level up. The downward side is responsible for distribut-
ing the combined signal (which is wrapped around from the upward side of the header hub) to each of the
DTEs and hubs below. Except as specified in 12.4.3.2.3 and 12.4.2.6, the two sides function independently.

There is an upward input channel and a corresponding downward output channel for each DTE or hub
immediately below the hub. Although there is no electrica.l conneclion between the two lines, they do share
a connector and cable (see 12.6 and 12.?) and are oollectively known as a hub port. Each port is accessed
through an instance of the PMA suhlayer referred to as a "port PMA.”

The one output channel from the upward side and the one input channel to the downward side oI'a hub
are similarly paired and. for all but the header hub, are connected to a port of the next-higher-level hub.
They are accessed through an instance of the PMA sublayer referred to as the “upper PMA,”

NClTE:.!'I. huh Lhut includes :1 huh parts should be caI].cda.|:I n-part hub, even tliougli it may have an extra juckfar the upp-or1’MA_, The
latter connection should never be counted as a port. despite common engineering usage, because it does not meet the specific defini-
tion ofa lDE|.A..".Efi hub part. gives: ahmre.

12:4-2-1 Upward Side. The pri1:oa1'y function of the upward side ofa hub is to propagate signals from
each of its inputs to its single output. If more than one input is active, than the Collision Presence signal
CF is transmitted instead. In addition, the signals are retimed to restore the transitions to ha]_f'-bit-time
boundaries; see 12.4-.3.2.5 for the details of :retirni.ng.

12.4-2.2 Downward Side. The primary function of the downward side of a hub is to repeat signals
from its one input to each of its outputs. In addition, the signals are retimed to restore the transitions to
hal.f—hit-tilne boundaries; see 12.4.3.2.5 for the details of reliming.

12.4.3 Hub PLS Fllnctional Specification. This section provides a detailed model for the Hub PLS
suhlayer.

12.4.3.1 Huh PLS to PMA Interface. The interface between the Hub PLS and the PMAis the same

as that specified in 12.3.2.1 for use between the DTE PLS and the PMA except that the output message
from the Hub PLS to the PMA is used to transmit CVL and CVH in addition to CD12] and CD1.

12.4.3.2 Huh PLS Functions. The Hub PLS suhlayer i'un-ctiens consist of three asynchronous func-
tions. Theae functions are Upward Transfer, Jabber. and Downward Transfer. All three Functions are
started immediateiy following Powerfln; an independent copy of the Jabber function is started for each

port PMA. These fimctions are depicted in the state diagrams ahownin Fig 12-13 through Fig 12-15, using
the notation described in 1.2.1.

12.4.3.2.1 State Diagram Variables. The variables used in the state diagrams and the correspond.
ing descriptions are the Following:

{1} Par! Designutors: instances of the PMA sublayer are referred to by index. PIMIA information is
obtained by replacing the X in the desired l'unction with the index of the PMA of interest. 1i‘tu_-the-:-
rnore, PMAs may be referenced by several special designatcrs used as indiceg:

Generic port PMA designator. When X is used in a state diagram its value
indicates the particular instance of a generic function.
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ALLPDRTS

AILENABLEDPORTS

:2-DNEPORT

(2) Part Ftmctions:

P'URTfTestConditic-n}

(3) Input Va.ria.t.-fies:

INPUTGCI

input.(X)

prI:Ihafion_altern.ative

(4) Output Wtnlables:

outpntfxj

output_idlefX}

1’5] Inter Process Fiqgs:

send_collision

j abher_co-l1ision

disahle_inputGi]
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Indicates the upper PMA.

Indicates that all port PMAs are to be considered. All port. PM.-its must meet
a test condition in order for that test to pass,

Indicates that all part PMAE that are not disabled by the Jabber Function
are to he considered. All such port PMAs must meet a test condition in order
for that test to pass,

Indicates that all part PMAs that are not disabled by the Jabber Efimefien
are to be considered. One, but not more than one, such pert P1‘.-[A meet meet
a test condition i_11 order for that test to pass.

Indicates that all port PMAs that are not disabled by the Jabber Function
are to he considered. Two or more such port PM.As must meet a test condi-
tion in order for that test to pass.

Defined by the PORT function on exiting from the UPWARD IIILE state of
Fig 12-13. It indicates which part Pli-[LA caused the t from the UPWARD
IDLE state.

Returns the index ofa port PMA passing the indicated test condition. Ifmu_l—
tlple port PMAE meet the test condition, the PORT function will return one
and only one of the acceptable values.

Indicates the state of activity on the designated PMA input channel. It may
be either “idle” or “active.” The former indicates that input_id.le is asserted;
the latter indicates that it is not asserted.

Used to receive an input message (see 12.3.2.1) from the designated Flt-[A
input channel.

Used to distinguish between the two allowed alternatives for exiting the
JABBER JAM state of Fig 12-14 when an active port becomes idle. The
implementor of a hub may treat the variable as either true or false.

Used to send an output message (soc 12.3.2.1 and 12.4.3.1) tn the designated
PMA output channel.

Used to send an oatput_idle message (see 12.3.2.1] on the designated P15-[A
output channel. .

Used by the Upward Signal Transfer Function to indicate a series of output
messages to the upper PMA suhlayer, the effect of which is to transmit the
CF signal, as described in 12.3.2.4-.2, 12.3.2.-L3, and 12.4.3.2.'i".

Used by the various instances of the Jabber Function to signal the Upward
Signal ‘Transfer Function that CF should be generated.

Used to disable the designated PMA input channel. The input is re-enabled
when disable-iJ1pu1iX) is no longer asserted, Only the Upward E‘:-ignal Trans-
fer Function is affected by the disabling of a port (via the ALI_..ENABLED.
PORTS, ONEPURT, and ‘.=-ONEPORT designatorsj.
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_ahl|¢r"l'imI:l Used by lhz: .lu.bb-er I-‘u.nn:'Liu11 [see 12.4.3.2 31 to dc-r.ecl:u-1n-usn-a-Ig.- lung trans»
missions. ll L! 2-Lnrtr-4.I by "-sl.ar1_jabberT1'_1rel ' "jubbrrT'InIul _dur-.e~' is satis-
fincl when the umur hm exp-1.-ed

jnb-h-e|‘I‘ir:m2 Used by the Jabber Function E329 L?'..-1.3.2.31 Lu: dc-lerm:.'w whvn to disable

parts due in wxccmrivvly inrng trn_-.a.miss'em1u. It in ntnrted by
"5|:11rt_jI|blwrT'imI'*.’.." "ImJbur'[‘im93_dune' is satinlled when thv timer has
expired.

11.-1.3.2.2 U1:IWn.rd Signn] 'l‘ran.nfur l"uI:Is.'al;lm:I. The Upward Signal '["ruIIuf(-.r I1"unL-_l.i:m |:un1IJi_nes

signuln from the ~.-n_1-ions pm-t inputs um] pl'lHl‘|vl.'\'I- Uuzrn an in the upper output. It nhm -.luIm~’m und reports
colliniinnn ll!‘ Iap]1rupr1'at.e. The state diagram nf Fig 12-1.’! depict.-a its operation.

- output _-.d1I:UPPEFi}

|NF’ia‘T{ONEPOFU') -scum lNF'UT{.‘:-ONEFORT}-acinll
:[N¢=PDFITflNPUT -=nt:1lve}|

UF"|:|;a‘n!.F||Z| .1\C'|'I‘u‘E————.....u......—______.

- uutpu1(UPFFH]-|n|:Iut{N[I

1NPUT{H1-idll
- 

INF-ur¢ALLEnL.a.EILEnPaHI§_1 - ldlu
'jabbar_.ou||ii"uT1

FIE I2-13
Hub P13 Upward 'I‘r|maft-.r F‘I.1.11t:tim:|

Si.gna.I.I an: pmpugated upward according to litr fulicrwlxtg rules. Except as mntmltmt by um Jghhgr Fung.
LI-on tam l2.4...'l.'J..’J-‘II:

I11 1I'ID1.ua pr-c-senlan all part i:1pu1.e,:i-mu Lrumu-ni1lDL.

I2) 1f1Di.ia pmient un :11] bl.-'1: um.‘ uf um part inputn. '..h1:n repeat the sigma] Iumivod fm-m rhm. sine l:i_ne_
lftimt one signal is CF, than B huh muy gmurernta: its mam IE‘-Psign.a.l insnead aI' rnpenunp: the received
{.‘P1IigI1nI.

til‘! If twn nr mare inputs are actwe innn [UL] an. the puma.-I:'u11e,then f.l‘fl.l'lH|'1l.i.I. CI‘ rmd cunt.-inue transr
mittim: CT‘ until all inputs indicate IEJI. xu.-,-um.

Whumwc-r Ihn I11.a|:I finishes transmittimg U:-’. i1. Hlmll then transmit IDL, im-1ml|n;: I.hn r.-.xt.crIdBI;l [I1
purit:-d.
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12.43.23 Jabber FI.u1etion. The Jabber Function detects abnorrn ally long transmissions and takes
appropriate action to abort them. The state diagram ofFig 12-14 depicts its operation.

Pmvalfln

JABBEFI IDLE

INPUT{X]=aI:1l'm

JABBEFI WATCH

- 5tarl_jIlbIJEl’I'lmB1
- start_in'aberTIn1e2

|NF’UT{X]_—.'Id|a jsbharTima1 done'INPUT[:q=actiyg

JABBEFI JFIM

I jabbsI_I::o11ision

:=robut|on._.aJteu11ati~.re {[_-iabbefri rne2_ _dane+INFUT{UPPEH]-idle:
‘INPU1[x]=idIe 'lNPIJT{X}= aelivei

+[probation_a.lternaliva'lNFUT{:(J=idIs}

JABBEH SHUTOFF

I'NP|..IT[)v:]-=.ae1ive*lNPUT{UFFER}=id|e

Hub PLS Jabber Function for Port 15'.

Two timers are used by the Jabber I-‘imet-ion. They may be implemented either as local timers for each
instaneeof the Jahher Funolion or as global timers shared by all instances. Furtherm-:1re, because the two
timers are always started ooncurrently, an implementation may share circuitry between the two.

The first timer is started by “start_jabher'[‘ime1” and asserts ‘fishber’I‘ime1_doI1e"‘ sfier 25 to 50 ms since
starting. [f implemented as a single global timer, assertion of start_jabber'I'imel. by any instance of the
Jabber Function with any other instanoeis) still Waiting for that timer shall not restart the timer, thereby
shortening the waiting period for the latest instance.

Similarly, the second time: is started by °'start_jabber'I‘irne2” and asserts “jabhe'r'I‘i_me2_done" afier 51 to
100 ms sinee starting. If implemented as a single global timer, assertion of stsrtJahber‘I‘ime2 by any
instanto oftho Jabhor Function with any other instancais) still waiting for that timer shall not restart the
timer. thereby shortening the waiting period for the latest instance. Furthermore, if this second ‘gzimer is
implemented as a single global timer, then assertion of stsrt_jabherTime1 by any instance of the Jabber
Fun-'..'t.ion with any other instanoefs} still waiting for just the seoond timer (in the JABBER. JAM state) shall
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be treated as if the first timer expires imrnediately [asserting jabberTl.mc1_done} for the latest instance,
thereby causing that instance to join the other i.nsta.nce{s)wa1'ting for the second timer.

Hardware within the upward side of a hub shall provide a window of 25 to 50 me, during which time a
normal packet or GP sequence may be propagated upward. If any port input (or, as an :1ll:e1"n.ai.'i.ve imple-
mentation, the hulzfs combine-d upward signal} exceeds this duration without becoming idle, then the hub
shall switch to transmitting Cl-‘ until 51 to 100 ms after the beginning of the windn-w and then, if that input
is still active, disable that input (or all n-onidle inputs) until it once again becomes active while the down-
ward side is idle.

The “probsti-on_slternative" input variable is used to between the two allowed alternatives
for exiting the JABBEH. JAM state of Fig 12-14 when an active port bccurnee idle. The implementor of a
hub may treat the vriable as either true or false. If true, the port will enter the JABBER PROBATION
state {via the JABBER SI-FUTCIFF state); if false, the port will instead return to the JAB BER IDLE state.

12.4.3.2.-1 Downward Signal Transfer Function. ‘The Downward Signal Function repeata signals
from the upper input to the various port outputs. The state diagram ofFig 12-15 depicts its operation.

PENHTOH

0 oUtpul_id|B[A.LLPOFl'TS]1

INPUT[UPF'ER]=acti1«'e

DDWHEINAFID ACTIVE

I I:II.I'I]:II.I'|Il|LLFDH'I'S] n Ir1put{UF'F‘EFi]:

|NPUT{U F'F‘EFI}=lI:lll

Fig 12-15
Huh PLS Downward Transfer F'u:nctinn

The downward side of a hub may detect the Collision Presence signal at the upper input and generate its
own GP signal to be transmitted at the port outputs (in place of repeating the received CP gig-1131}.

Whenever the hub finishes transmitting GP, it shall then transmit IDL, including the extended H1
period. -

12.4.3.2.5 fletiming (Jitter Removal). Each side of each huh shall retime any clocked signals that
it propagates so that the transitions occur on hslf—hit—ti:ne bou.nds.ries, thereby avoiding accumulation of
eltcesfiliv-E jitter. Such retirning shall preserve the sequence of CD0, CD1, CVL, and CVH symbols being
propagated.

lfan ambiguity exists in the incoming bit cells due to excessive noise or-jitter, than the appropriate side
of the hub may either switch to generating GP or replace the erroneous bit cell with an arbitrary combina-
tion o'fhal_for whole hit cells.

Retiming also accounts fer differences lifanyl in Block rates between that used to send bit cells to the hub

and that used to send them out from the hub. Excessive diflerences in clock 1-ates (caused by clocks not
meeting 12.3.2.4.1} and excessively long packets {caused by exceeding maxFrameSizeJ may each cause Hie
caps-::ity of the rethning function to be exceeded. In such circumstances. the appropriate side of the hub
may either switch to transmitting GP or add or delete half-or whole hit cells .-is needed,
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‘Whenever bit cells are added, deleted, or replaced, the hub shall maintain synchronization of the outgo-
ing bit cells to ahalf or whole bit cell boundary. Furthermore, it shall not generate periods of more than one
bit time without a transition.

12.4.3.2.6 Header Hub Wrap-Around. For each particular network configuration, one huh oper-
ates as the header hub and all others as intermediate hubs. It is suggested, but not required, that hub
irnplernentations be capable of being used for either purpose. Methods for switching between these two
modes are beyond the scope ofthis standard.

For an intermediate hub, the upper output shall be connected to a port input of the next higher-level hub
and the upper input shall be connected to a port output ofa higher-level hub.

For the header hub, the upper output shall be connected to the upper input. This wraparound may
appropriately bypass parts of the PMA specification so long as the resulting implementation is functionally
equivalent to one with a wired connection. For example, signals internal to the hub need not be translated
to the corresponding external levels and then translated back to internal levels. Similarly, it shall not be
necessary to retime the wrapped signal twice, once in the upward side and then again in the downward
side of the same header hub; a single retiming is permissible.

12.4.3.2.'i" Collision Presence Startup. When a hub starts generating CP {as specified in 12.-1.3.2.2
through 12.4.3.2.5l' it shall synchronize the startup to a halfor whole bit-cell bmmdary of any immediately
preceding signal. If it was sending IDL immediately before the GP, no synchronisation or preamble is
required.

A hub may start transmission of UP at any point in the sequence that does not result in periods of more
than one bit time without a transition during the switch from passing on data to sending GP. Depending on
the preceding signal, it may start with LCIIUH, CIIDHL, IDHLD, OHLDI. or HLCIID. Because startup may he
synchronized to any half-bit-cell boundary, a hub may also transmit the shifted version of CP starting with
1LH1o, LH1o1, H1o1L, 1o1LH, or o1LH1.

12.4.3.3 Reliability. Hubs shall be designed to provide a mean time between failure (MTBF) of at
least 45 000 hours of operation. Hubs. including the associated coruiectors and other passive components,
should be designed to minimize the probability that. a particular failure results in total network failure.
Furthermore, the port electronics. of each hub should be designed so as to minimize the probability that the
failure of one port prevents eommunicatilm by equipment attached to the other ports.

12.5 Physical Medium Attachment (PMAJ Specification

12.5.1 Overview. This section defines the Physical Medium Attaclunent (PMAII sublayer for IBASES.
The relationship of this specification to the entire standard is shown in Fig 12-16. The PMA sublayer con-
nects the PLS sublayer to the Medium Dependent Interface (MIDI).

12.5.2 PI.S-PMA Interface. The interface between the PLS and the PMA suhlaycrs is specified in
12.3.2.1 for D'I‘Es and in 12.-t.3.1 for hubs.

12.5.3 Signal Characteristics

12.5.3.1 Transmitter Characteristics. Transmitters should operate properly when loaded with any
cable meeting the requirements of 12.7. ‘lb approximate the boundary conditions of such loading, two spo-
Ilific teat leads are specified. Transmitters shall meet all requirements of this section when connected to
both the “light” (115 11] load shown in Fig 12-1’? and the “heavy” (approidmately 30 £1) load shown in

Fig 12-18. It is expected that transmitters that perform correctly with these two loads will also perform
acceptably under intermediate loading conditions.

12.5.3.1.1 Differential Output Voltage. For simplicity of explanation, the text and figures of this
section describe the diflerentisl output voltage in terms of voltage magnitudes. The requirements ofthjs
section apply to the negative pulses as well as the positive ones.

Beginning with the second bit of the preamble for OR if no preamble is present), pulses of duration BT,v'2
shall meet the conditions of Fig 12-19. Pulses of duration BT shall meet the conditions of Fig 12-20, After
the zero-crossing, the Output shall exceed th.e voltage of a signal rising from the zero-crossing to 2.0 V with
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atnung. The peak outptrtvniiaqa shall nut exceed 3 6.5 1+’. while faliing from 2.0 V In the urro-cmuing, the
fliflflfll ih-Ill Plfeed the T-‘alt?-a.'t 0|’-I iixnal falling frurn 2.0 V tn the z.ero~a-nasmg mu: it :-Iupt- uf magnitude20 mV.I'nI.

I-‘or puller: nfduratiun ET, the avenue voltage that appears £11111: IDCI ma afiu the u-ru-crmsmg thrtugii
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Tm amplitude of the peace spectrum at the output ef the transmitter For all possible sequences of eig-
naie al:Le.i.l not exceed that amduccd by an l.'il£"Jl.H‘.i‘.'f.l transmitter sending corresponding EL-€|!.a!:I.gL!ifl.l' w:.=.vc-
{urine with magnitude 365 V at any frequun ry.

‘A-"nan o transmitter enters the idle state, 1! ahall maintain a nflnimum IiiE'e.rI3:riI.:a1 output, voltage of
2.0 1.’ from 1[.|[J us through EBT efler the last]-:.-w-1JJ high tmneition, an illustrated in Fig 15521 The [liffi:::-
entie] output voltage shall then fall to 1.] V w'i1.hin 3B-T after that some low-to-high I.ru.uuition. Starting
when the differential output voltage First reacliet 1.1 V, the meimitude of the output ‘|-'Dll.IlflE driir en into the
l.l"-I-ll-lD."1tl.!5 i:1.d.iI:nted in Figs 12-22 and 12-23 nhall then remain within the limits hlditnted in Fig 12-21 until
the Lrnnramitter leaves the idle static.

'l"|.Ie l‘.ran.e1-ni1.1:er output at the start of idle Inn}-' ux:l:I.il:+it overshoot. ringing, el-ow vululgc. lie-::u_',5 er a co.m'IJi—
no Irinn the-reef due to the following factors:

I1} (lhclruge i.n transmitter source impedance between the active and idle aat-ates
L2] I'.‘IiFFere-ncc in the magnitudes of the differential output voltage between the high and low output

slates IAUQD}
{Z-‘J Wrwefonn Mpnmetry at the t.ra.nomLtter :51")
1|} Ttuztamilrte-: and receiver itra:|eformerJ inductance 11'!

3011': Thr 4:o.nLrih4.|_limz 123 me mv..-_ls_1i-punt lam: -rurl-I -.rd'l.Ha-an can be non: poled with 1356- fitiiewing -em.-r.u1.1r:rru

Vntni, - -1--'*\'!.u.1'Ri:1Ir IEH-'.\‘|'l

V“. -- [4_~.'r.r|oon ns_]- 15,. -9...,” rm,”

x:-._ -- v.. [ 1-:-'“"""'l""”‘°"'-'1]-li._~,m; xnm.
when--.

“L'lIlJ' '* Rum'.nr-*|.'|RI.

H-4.;-H Hsru:-oNIElL
I{_,,,,_-4_m. :1nI.In'ei.mp-edanoe fflJ when the d.rlinaI' L1Iu|‘T
R35“ (“.4 '-!cIIJ.ri‘.‘:':l1:I.Lp-I'."£l.B.n.ua [D] when the driver I-I. on

H'_'__ = Luud lr1.l['|u:!l,.I1I'1J'.'F,' I'i.'l‘I
Lip r numhlnt-Il Lnduct.-mu: '.!.LHl of Lhe I.-'4a.:.iuml.I.-at «ml rn-in-er unnninrmers

.'.lt'¢-lt, 7- -:lll'fi~_ra:1¢¢ Hill In :n.l';n:i:I.:i.‘£ a'.'|.'l'J=IF'|5l1rId.f»U eulflui in?-lfltgeli

.11‘ - Iuy-:n:n.IIU]‘ :Il' :'IIe warefor-3 aqvnia the ih.I"..l:.'r:u.'l' tlriwunn the average I:LI. I-LISIFII-'!¢£.,='.i [.0 [raise W‘-Il".l'1.i
lull ul '..I'.9 *.nu:..-rn:1JI=.'

V1. - :uaaunm::.. uubput wu1::a.ge- rVJ- riuring: I21: utnr1.uI]].1I.

NOTE: The waveform ulmwu in Fig 12-21 and the aqun.I.'u.u3 in the pmceding note apply to a Lronamizur cimnedmd to Llm haul lnuda of
Figs J ‘.222 Iuhd 12-23. An actual receiver more present a mrnr aumpll-I tmminatim impedance and nu1.|:r>1:mIi-Irn‘rtnbt or mr:-r5l:IoaI- mayI!'I!.lS1.'.t.El lhul nuor.nu.nt.e-2-eel with the teat loode.

I.BJS.3.l.2 Output ‘Timing Jitter. The LTanm:nitted signal eeromroeeinge shall deviate fr-::m the ide-
elizc-rl zortruroeeinge by no more thand: 10 mi.

lfl.fi.3.l.3 Transmitter Impedance Balance. The lmlgitudinal bu metallic impedance balance of

the trruiumitl.-ar. defined as 20 logm(Ep,.u'Eg;r.l. where Em. is an externally applied nc voltage, as shown in
Fig I2.-211, shall exoeed -14 dB at all Fnequen-::iu:-.u up to and induding 4.1313‘. in the idle and nonidle states.

."l'-CITE: [L may he u‘.lj.II|.1!uI'. In E!'.EfiE1l2l'I'_ lhe I.-aria:-rI|I'.::r hnjzd.1.nau- b.1Ll!.n.L'd i.Ll Llm n.a.Ei.id.Le sLl.lL- A fi'Fq_|'.|l![‘,E_'r-!uEl:|_‘l'll'hI uni.-e'rn.;-Er Q2
ushe: I.‘Bl.I|||-ltHHl'\=P!'l§{£€l"l!1l4:l.'rE may i:-.- PI.'.r:h.«rmurn. the balnn.-3.‘: .1." the test equipment iamh -u.-I L‘:-+1 mulching of Lhe {HE E
mew:-.I mam em.-as tlu'=L racrumaé uF:'m.= wansmrlter

I2.5.3~.l-4 C4:-mnon-llrioda ‘Output VD-ltlifitu Tilt magnittnie of the late] common-mu-rle output volt-
age of the trnnumitter. Em, measured as .-4huw11 in ‘Pig 12-2-5, shall not esneed 304.‘! rn\5"

NUTFJ "l'l1t iiuplwn.-.a.n1.o1' Sl'1IJ1.Il:2l uzflnelidar nu}: ap11lic'nl:r]nJor.‘I]_ national, or mtcrnajjuoal 1'ef_uln'[:im1r| and nlnnitlm tin up11cer|'I_i|;|_g RF
emillinn. Ilrn-mg unuhinldad tw'iet-ed pain Will) higli-[nu-1uunr_1r unmmon—n1ode voltages may result in in|..M1"e1-:—o.u|: to other equip-1:n.r'nl.

19.5-3-1-5 Common-Mode Tolerance. 'I'ru1'1:11u'1tters shall meet the rcquirenli-_ntfl ot"l2.5.3.1.1 and

l2.5.l‘l.1.2 evell in the presence ofcommnrl-rnu-:lo sinusoidal voltage, Em (as shown in Fig 12v26'_I_ aft 201.’
pool; at fit.-quencies from 40 kHz through GER.
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Ir-‘IL-‘Elna? ."«m'.‘ .1 . '..-1E5
.-‘\'.:'aI-'13 5- |- '-C-r1,"u]; _. 1r_:-1;: 5.:-6-_-,_—tn-_

110 pa

Sampfe wnvufnrm

.3_Q‘J---—-----———~-—-- -

'[‘r:iI1JImii:t¢-r ‘Wnw'~l'urrn for Idle

fig 12.22 Fsg 12-1:3
Hurt-nf-Idle Test Land #l Start-at-Idle '['nm Load #2

Fig 12-2.:
'l‘r£|nnn1il.i;rI.-r III'I|..'|-I:{I|u1c1; ]3a]anr_-,e
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[HI '|.''] HI ' H‘-'.I"' 'I _ ]E'H_|:1

- mu .-,_ ': , LG-F_-U. _—I._‘u_I _'-115T!-€rI:1I!.':IJh!'.' «=4;-;a '».':-"_"we'rI-_1{_=;

l-‘ig 12.25

{'.c:-mmnn-.‘o‘Inda- Uutpm ‘Ir’-Jltago

Pig 1:!-28
'I"rnI1smIl-IA:-riluunrnon-Mode Tolerance

l2.5.3.| .5 Ti-nnsmitier Fault. Thleru nrr. 'I"rIInam1tter5_bq]Lh1i|ri1-Eni-iltr and I’-'i‘In-n nurud]¢_ 5.}-,_1j| 15;.

I.‘!'flt-r‘ I-"IL'1'I].'.|]:P!i17J'I'E-||P17 Of Fhflft circuith. i1\'I’7I:-'.-' Ihrtr Ilnxtputi fret 1n'_nd_uE_fi]:|_it,e |'_'-i¢I1ud Ill‘ l.'I1|I' '\\It[|f|-1jI‘1_'i.'-'|,":'_5_£-|,'_"
and -ihad |'I"‘-|uIl"|1I"' r'Im:'ma] nperatiur. alh-r .-iurh ‘.‘.-mih are 1'1-3]'I||'._I\'E(E The r:;agn;:1_:.r.m 1.! 1m. .7-.,.-,.._.-:-_; ;|u-;.u_E_-j]
.~a=:L‘!'- u ulznrl r1rr:£'.t' shall 11-:-I. exceed .'1-‘JITI- tn.-'\

T1-.Iu1.-+m11'c.-na, 't1cr'.I'. when sdle a.n.::i I.-("nun n..md1.~_ qhnll. u.1'Lh5|;a_[1d_ w1['n,[1u1L [L-lf115|I{r _1 1:,um \.-' :1-.;r_mm-_-
nu-Lie uI1;n.|l.-u- ufu-:1..t1£'1.' paia.r1't*_.',;1pplimi us 1fl:Il1'rII‘.t'11 in Fur 12-25". The shape nftlw inupulmu _~:I1.1I';h_’- -3,3.-"
-3UJIHlT""'|Ut1H Virturll fiulit time. Studs wrlsuul l‘.|nn- uFhnIt'v.-:Liue,t. as defined in ll‘J(.'I'Ilh|1L‘.'1llu-II ti-0 1509 Ref-
i!Il1"II|.'l."' I I I II

NI r'|'|I:- 'ih|:-mm-u "I", qnrl rm-crvergr fiwnn. thu I||I].I|ir.;I|LhrIl n! :11» |u"|r|b|I.I:r|_\' voltages clescntmd in I: In 1! In up.|ium.|, l...|, LI'|_p- }=:'|fiI:'t_vrI'I1uu'ru|I-u1u u-I" that fl-f::,'L].ufl we m_a.|1LI.u.Lur_v.

ero 1Ve-E
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I.-'.I vll-it‘ .-.--='.:-:i-. HIE-l:
.\.‘-':-'-1-'1l-'l- 5-. .*-':.I =*u.- :. I‘?-93 I-J-mum:

DEVICE
UNDER

TEST

rI“FIAr-|sIuIITrEI=:
CJFI

RECEIVE Fl}

Fig ll!-27
('ommun-Hod: Impulse Test.

12.5.3.2 Reno-iver Characteristics

12..5.:i.2.Il Differential Input Vtlllllflfl. '|‘h-:-. I-czmivmr shall operate prnpr.-r|_1r whl-n .-I I4ij.[]|1I_I meeting
l'.l1t: niinimurn Inrlgnitudc rcquiremnrltr: ufl-‘1';; 12-‘AH i-.-1 l'f!LIP"l.VE'~El. When less than .'lILlIIl mV, {lav I1H.||,{I'!llLIdE of
ll1r.- un-I1.-1|::+ will r.:xI:t:Etl that of a straight linu l.hru-uggh the nearest zero-crnsfiiru: will: nlngn-. 4-!" nn|p;nitu-tie
E} |||'v'.-‘rm. '|‘hnI in, tho average slew ram ni-nr l"l1l'l.'l 1m.-rn <‘rua.'~u.11g will exceed 9 In‘-"Finn. '1'l'u- rlmgllll uule of the
I.rn|'..Ig:i~ will +:'..4u ri:nII:L.l'l at or above 1 l1‘+"fur .'uHIIlI‘ |I|'I'IU(‘l lul.-et1m:at1cz15l ]ErlJ n5 IH-’~|'l nn l--1' |:IuIm-:4 nI'du.ra-
tlm: H'T"- -’l'.:Il.”-l+1.I'lfi “'Ill].'l.l1 250 D5 of lhv prr--:'t~:l:m: .f.l.‘l"}-|.‘l'D.*E*lI'1g and i’_'.= peak will he n1 lvurll l 1 ‘E

EH2 {or ET}. normnm

Fig 12-EH
Rereiw.-r Signal Envelope

I2.5.'.'l..2.2 l.l'l|'.I'l.ll: ‘Timing Jil'-I:i.*I'. R1:I.'+.:is'I-r'H H-l'u'JlI u|.'rL‘r:1l.u.: prop-z;eI'l}' with :|'.r.-.1:'II-L:|'l:|-lHi1u;J"|l,I.q:';1' uf up to
' 1'12 nu l'rum ll‘.-9 ill:-.:J1
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1.'o.'..5.3.'J.3 Idle Input Behavior. The lUl- mnditinfl shell d-etetted. wtliiir. 1.55 hi‘. l.‘|.l:I.1t:§ at‘ the iaet
iew-to-hifil: transition 3: the receiver.

NDT?.'.-I ll 1: 2- r.e:n-mr_-,- In dmungtaiah (‘Ni-l from IDL.
'.r'.'! ."1)w1eIh j':'.n': tlmxint-rajjone meta it imprecfiml IL: :It:‘.-E-‘:1 IDL I~'.eIfl=a= ted-of-traneminszan Iiolimlittrl I-by oonner Lhxu: LE hrl

uinon. ']‘hu nun-:i£n: émplemenlannu -11 the clot]: I1-¢ev¢r_v mrdlnnjirn. or cqmralcnl, Iielartlliuui Um In-nu-r beam! on 'LI:e nccugl IDL
de-td_-1'.l:irI11 Lime. Adequate mm-gin ahnuld he pr'I:rw:I1ui bulwneln lln-. llm-gr lanrunri and 1.5 hit times.

The receiver shall take precautions he ensure that the HI-to-silence transition Ur the rltarl. nl']I'.IL is not
falsely interpreted as a silence-to-nonidle Lrnnsilnrm. even in the presence of sigiml clroep, uverslmet, ring-
in:;:. sluw vultage decay. or a combination thereuftlile to capacitive and iriductive el‘l'eI.;Li‘. in the transmitter,
eahle, elid. receiver, including those discussed ll: 15! 5.3.1.1.

Tu this earl, a receiver in a hub shall treat its input as ifit were idle for between 20 and 3E! as after
detectiru-: IDL. The timing of this ‘|:Ireter:r.ien" peri-url Fer the port PM!-is may use :1 elngle l.'u11er that is
started wl1-an all ports have become idle nr disabled by the Jabber Function. Rmzeivers in DTES may
Include 11 31' rnllnr protection period of up to 3-D pa.

NOTE 'I'|",._ pmu:-cuuu yen-ind is reqrrired 1n hulm lu_-c:-u.u1errru-u-uun.!L1r i.n:e.-pt=_=:isg the 5'I.artAJ:'-i1:ll.e in a new srnnnmiuion will result
'.I'. 5,:-rl;-n;:u:ma:' file‘ error in lJ'1'E'.s. despite any ;|N£l1'Jl-Lt‘-I‘-I mun: in these DZ"E'—«: The ;n'ol-ac=I'rm p-uiatilz-oglhc-=-1| nu E|’F'l'"..-i because
any (:':;I:'|'(<.‘fl.“.-l'1f'.Hl‘.l'El:'I I.l'l'G!' Ln 3 IlI';.-_, w'i'|.[11.5'E-:4: qa[_7 :h.rL'. pn.."l.I.1:ui.tI.l UTE.

11532.4 Diiferenfial Input. Impedance. The {complex} djfierenhel in-pn‘. iiiipetianee of‘ the
receiver. Z_m,.,,., 312]? be such that the reflectlon attenuation, defined as 30 leg,";.iII'1,..,_,_...,, +Z,n1_,-_.,, |J'J Zn.
,.,..., — £,,.1,1.| 1'. where Z,=h1_is the diflerenfin] c-horn:-toriatic impedance of the attached ruble. t-needs 16 (IE
over the range BRIE through 2BR for all tables meeting the requiremexits of 125'.‘-‘i.

lf.l.5.3.2.l5 Common-Mode RejeeI:1'nn. li'er:e.iI.rt-.r.'s shall assume the pruper eulput state for any dif-
ferential Input signal. E" that results in 1.1 .=:l;{enl. EM, that meets 12.5.3.2] and l3.l'1.3.2.2, even in the
presence ul' mmmen-mode sinusoidal. vnitaqgee. Em. (as shown in Fig 12-29}. of-.l:1-'lll V peuli. fll. frequencies
1'mm »I{I |Ll'l:'. through GER.

Fig 12.-29
Receiver Cuhmnn-Mode Rejection

l2.5..'l.2.E Noise Immunity. Re-eeiverr. E-lmll IEDEEI. the Ioliewing lzrnite on average errn-r, rates when
the noise deeelihed in 12.7.-1 is ed-rzled Ie the irignnlas described in 12.l5.3.2.1 and 12.5 3.3.2.

I 11 When nonidle, the receiver error rate r.|ml.l not exceed one error in 10" hits.
1'2} When idle. :1 receiver used in s DTE shall mail. falsely detect ea:r:rier more than one in lI'.l0 :4.
131 When idle, a receiver used in a hub shell HUT falsely detect carrier more than -.-nw in 1500 -,3.

NlJ'f'||!. Receivers whoae inputs include a 2-4 MI-1.1:. 2-rm-In-. Irrw -[1:s.saI, flutuerworth filter and a GED luv u|.y..||1'IL‘.l'| level will meet this last
rI.'11uireu1-sell for 'Irl|e—muI:le noise immunity jrr:-IH1.'iJlp§|.rf:|n|1 prupr.-rly with the we.Ills.a.s'l: signal alluwed by [2 11 :!.'.J:_ |,
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12.5.3.2.‘i' Receiver Fault Tolerance. Receivers shell tolerate the application of short circuits
across their inputs for an indefinite period of time without damage and shall resume normal operation
after such faults are removed,

Receivers shall withstand, without damage, a 1D-EIO V common-mode impulse of either pols;-icy, applied
as indicated in Fig 12-27. The shape of the impulse shsl] he 0.3.50 _us [300 ns virtue] front time, 50 pa. vir-
tual time of halfvalue), as defined in IEC Publication -50 (see Reference [11]).

Nfl'T'E: 'T'oh=n-anee of, and recovery from, the applicatinn rat‘ the telephony vultsgs-5 :is+.~nr:I-iiied in 12.10} is. optional, but the snfiaty
requirements trf that as-::Lion are mandatory.

12.6 Medium Dependent Interface {MDD Specification

12.-5.1 Line Interface Connector. 45-pin connectors meeting the requirements of Section 3 and 1-"139 1
through 5 of ISOHJIS 837'? [see Reference ilfii} shall he used as the compatibility interface between the
Phil‘. and the medium. The use of other‘ types of connectors, if on}, within a PMA or within the medium,
although not explicitly prohibited, is outside the scope of this standard.

12.6.2 Connector Contact Assignments. The contacts of the connectors, as depicted in Figs 12-31’) and
12-31, shall correspond to signaling circuits as indicated below.‘

 E53131
1 Upward IJat:i+ (positive for H1 signal)

Upward Data— (negative for HI sig;:1s.l)
Downward Da1.a+ {positive for HI signal}
not used by IBASEE

not used by IBAE-E5
Downward Dsta—- (negative for I-H signal‘!
reserved
reserved

For DTEH and the upper MD1 of hubs, contacts IE and 2 are used for Lransmitting and contacts 3 sad 6
aroused for receiving. For the port hfliis-s ofhubs, however, contacts 1 and 2 are used for receiving and. con-
tscts 3 and 6 are used for transmitting.

123‘ 55;. 8

Fig 12-30 Fig 12.31
DTE and Hub Connector Cubic Connector

12-Ii-3 Labeling. To distinguish 1B:\S'E5 connectors from those used for other purposes, it is recom-
mended that appropriate lshels he slfiaed to wall outlets and other connectors. 'I"his1's pa;-|;i.:u]a_.-ly impnr.
tant in Environments in which the specified 8-—contaet connectors are used for more than one purpose,
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12.? Cable Medium Characteristics

1231.1 Overview. A significant number of IEASE5 networks are expected to utilize in-place building w-jr-
ing. In this environment, DTEs connect to wall outlets using twisted pair telephone cord. The wall outlets,
in turn, connect to wiring closets, whens hubs oould. be located, using Standard telephone wiring. This wire
ing typically consists of ['.*.4—D.-E mm diameter (23-22 gauge) unshieldetl twisted ]Jflil'S.

12.7.2 'I‘ransmission Parameters. Each wire pair used to interconnect DTEs and hubs shall meet the
requirements of 12.9.3 and also have the following characteristics.

12.12.] Attenuation. Tbtal cable attenuation between a transmitter and the corresponding receiver
shall be no more than 6.5 dB at all frequencies between BR‘? and BR, 9.2 dB at frequencies between ER
and 2BR, and 13.8 dB at frequencies between 2BR and -LP:-R.

12.7.2.2 Differential Characteristic Impedance. The magnitude of the dil'ferential characteristic
impedance at frequency ER, EBB, ofeach wire pair used shall be between SD {.1 and 115 I1, In addition, the
magnitude and phase angle of the characteristic impedance at each of the following frequencies shall be
within the corresponding ranges indicated:

_ flmcflngle

flraancnsii Minimiim ' mi_M1'nimI11

Zea

BR.-"2 ZER

BR Z33

2BR ERR — 4 Q

4BR Z33 - 5 Q

12.7.2.3 Medium Timing Jitter. Intersymbol interference and reflections due to impedance mie-
matches between the sections of a cable segmerlt -can introduce jitter in the timing of the zero-crossings.
Acable segment terminated in 96 I} shall add no more than i 17 ns, referenced to the transmit clock, of
edge jitter when driven with a rectangular signal of magnitude 2.5 V through a source impedance 253 Q.
The driving signal shall be a Manchester-encoded pseudo-random sequence of data with a repetition period
of at least 511 bits.

NOTES: (1) The neilections caused by splicing two cable sections that have different characteristic impodahees [but that each meet
the requirements oi‘ 1‘2.'i".2.2l will not contribute significantly to tirrliogjittsr iftha splice is wi'Ll1ir1lC| rn ofeithcr end oftbs segment,

(2) Branches ofl‘ a wire pair (often rcficrred to as ‘bridged tape” or “stuhs.”l will generally cause eitcemivs jitter and so should beavoided.

(33 Jitter can be measured at the receiving and of a segment using an oscilloscope. The oscilloscope is triggered on zcrccrosslnga;
the deviation ocfsubaequent zero-crossings from multiples of BTPJ is then observed. The deviation of each. fiErI:I—I_'roaei1'.Ig must notexceed d: 34 us.

12.7.2.4 Dispersion. Each wire pair shall produce an output signal that meets the zerecrossing edge
rate described in 12.5.3.2.1 when drivenwith a 1 MHz trapezoidal signal ofrnagnitude 2.6-V (that is, -L0 V
peak-to—peakl with edge rate 20 mV.v'r1s.

12.7-3 Coupling Parameters. 'Ib avoid excessive coupling of signals between pairs of a cable, the
crosstalk and imbalance mu at be limited.

Crosstalk attenuation is specified with the far end ofbeth the disturbed and the disturbing pairs and the
near and of the disturbed pair terminated in 96 £1.

_ 1213-1 Pair-to-Pair Crosstalk. The near-end, differential, crosstalk attenuation between each wire
pair and each other pair in the same cable shall be at least 11-5 dB frequencies up to ER and at least 45 — 15
1D.E.’1c E933} dB for each Frequency f between BR and 4BR.
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l.2.'F.3.2 Multiple-Dinturher Crosstalk The near!-end, differential, crosstalk attenuation between

multiple disturbing wire pairs and a disturbed pair in the some cable shall be at least 38.5 dB at fiequency
BR and at least 3B.5— 15 logm {HER} dB for each frequency f between BR and 4133,,

‘When two or more disturb-ers are present in a ooinxuon cable sheath, the multiple-distu:-bar, ]1ea_r—e;|1|:L
crosstalk attenuation {MDNEXTII into each pair, measured in dB, may be determined using the following
equations:

. _ E 1o"x*””’mss__iaj 0

10 “‘i"“'” sin 9..j =5 11

1‘:-!EDNEXTj = 1o1ngm(H§*+vf)

where:

i iterates over each disturbing pair

j is the disturbed pair

X5 is the magnitude of the near-end, differential, crosstalk attenuation from pair i to pairj
95 is the phase angle of tho nearwand, differential, crosstalk attenuation from pair i to pairj

If only the probability distribution of X5; is known, then the distribution of MDNEXT can be determined
using Monte Carlo methods with that distribution and a phase angle uniformly distributed between D
and 2:! red.

NOTE: See Appendix A3 for example computations ofli-IlJNJ.'IX."I‘ distributions.

12.7.3.3 Balance. The longitudinal to metallic balance of the cable, defined as 21') logm (Em; 2E3),
where Em“ is an externally applied voltage, as shown in Fig 12-32. shall exceed 44 dB at all frequencies up
to -1BR.

NO'T'|"3: The balance of the teat equipment (such as the balance of the transl"or1'nIH' and the matching ofthe 300 52 rcsisiorsl must
exceed that required oftho cable.

@

Fig 12.32
Cable Balance Test

Aerohive -
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12.7.-I Noise Environment. Links used with IBASE5 shall provide as noise envimmnent no worse than
that described below, The total noise environment generally results from two primary contributions: self-
crosstsllc from other IBASE5 wire pairs and externally induced impulse noise, typically from telephone
ringing and dialing signals, and office machinery. For the purposes of this standard, it can be assumed that
the two components contribute independently and so the total error rate can be appropriately split between
the two.

12.7.4.1 Impulse Noise. The noise voltage on wire pairs terminated at both ends in 96 511, as measured
through the following specified filters, shall not exceed the corresponding threshold voltages more than 9
times per 1300 s inter-val, Following the start of any particular impulse that is counted, any additional
impulses shall be ignored {that is. not counted) for a period of 1041] yrs. Each filter is a 2-pole Butterworth
low-pass filter with the indicated cut-off (3 dB point) frequency.

 m Iliresholrl
2 MHz 170 mV
4- i'|‘l.HZ 275 mV

lil MHZ 560 ml?

The impulse noise occurrence rate changes inversely by one decade for each '7 dB change in the threshold
voltage. That is, if the noise occurrence rate is 9 counts per 1800 s at a particular threshold voltage, then a
rate of9 counts per 18 000 s will occur at a threshold 1' dB above that voltage. Ifa count rate oi'1'-I counts
per 1320 s is measured on a specific cable and filter at the specified voltage threshold, the media noise mar-
gin is 7 log“, (BIN) dB.

1.1.7.-1.2 Crosstalk. The level of crosstalk noise on a pair depends on the level of the disturbing sig-
nellfisl and the crosstalk attenuation from the pairisl carrying the signalisl. With the maximum transmit
level specified in 12.5.3.1, the sinusoidal crosstalk attenuations specified in 12.7.3.1 and 12.7.3.2, and mul-
tiple, synchronized, random Manchester disturbers, the peak self-crosstalk (that is, crosstalk from other
1BA.SE5 signals) noise levels, as measured through the following specified filters, shall be less than or
equal to the levels indicated below, Each filter is a 2-pole Butterworth lov-.'—pass filter with the indicated
out-oft" (3 dB pointl Frequency.

 m Lcocel
2 lvll-lz 105 mV
4- lvll-is 160 min’

12.3 Special Link Specification

12.8-.1 Overview. Some IBASEE networks may require extension beyond the limits imposed by 12.7 or,
due to the installation environrnent, may require special media such as optical fiber, high-grade cable, or
even free-space transmission. The detailed design of special links that replace standard links for use in
such circumstances is beyond the scope of this standard, but the end-to-end characteristics are specified. It
shall be the responsibility of the supplier to ensure the proper operation ofspecial links with other IBASEE
equipment.

12.3.2 Transmission Characteristics. Special linlcs shall meet the overall attenuation, jitter, and dis-
persion specifications of 12.'i'.2.1, 1212.2, and 12.'i'.2.4, respectively. Tbtal noise introduced due to crosstalk
or other sources shall not exceed that allowed for standard media, as specified in 12.'l'.4. To the extent that

it affects operahility with 1B-ASE5 transmitters and receivers, special links shall also meet the impedance
and balance requirements of 12.7.2.2 and 12.7.3. The delay and preamble loss allowed for special links is
speI::iii.ed in 12.9.4.

12.3.3 Permitted Configurations. No more than one special link is permitted in the path between any
DTE and the header huh. That is, special links may be installed in parallel but not in series.

NDTE: Special Links may be combined with other IBASEE components, such as hubs. Sioch combinations are subject to the perfor-
mance specifications oftbis standard only as visible at their external interfaces. For example, explicit Mills ar1=.- not required internal
to such combinations.

‘ ero 1Ve - Ex


