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BBC BROADCASTING, INC. Son Nguyen

P.O. BOX 3213 Supervisory Engineer

Audio DivisionFERNDALE

Media Bureau

Grant Date: May 24, 2012

This permit expires 3:00 a.m.
local time, 36 months after the
grant date specified above.

KRPI

Permit File Number: BP-20090226AAF

Call Sign:

Facility Id: 21416

Permit to change city, site, and patterns.  (Reissued 6/25/12 to correct
EB condition - JBS).

Subject to the provisions of the Communications Act of 1934, as amended,
subsequent acts and treaties, and all regulations heretofore or hereafter
made by this Commission, and further subject to the conditions set forth
in this permit, the permittee is hereby authorized to construct the radio
transmitting apparatus herein described. Installation and adjustment of
equipment not specifically set forth herein shall be in accordance with
representations contained in the permittee's application for construction
permit except for such modifications as are presently permitted, without
application, by the Commission's Rules.

Commission rules which became effective on February 16, 1999, have a
bearing on this construction permit.  See Report & Order, Streamlining of
Mass Media Applications, MM Docket No. 98-43, 13 FCC RCD 23056, Para.
77-90 (November 25, 1998); 63 Fed. Reg. 70039 (December 18, 1998).
Pursuant to these rules, this construction permit will be subject to
automatic forfeiture unless construction is complete and an application
for license to cover is filed prior to expiration.  See Section 73.3598.

Equipment and program tests shall be conducted only pursuant to Sections
73.1610 and 73.1620 of the Commission's Rules.

98248WA

Average hours of sunrise and sunset:
Local Standard Time (Non-Advanced)

4:15 AM 8:15 PM

7:15 AM 5:30 PM 7:30 PM5:00 AMAug.

Jan.

Feb.

Mar. 6:30 AM 6:15 PM Sep. 5:45 AM 6:30 PM

Apr. 5:30 AM 7:00 PM Oct. 6:30 AM 5:30 PM

May 4:30 AM 7:45 PM Nov. 7:15 AM 4:30 PM

Jun. 4:00 AM 8:15 PM Dec. 8:00 AM 4:15 PM

8:00 AM 4:45 PM Jul.

United States of America

FEDERAL COMMUNICATIONS COMMISSION
AM BROADCAST STATION CONSTRUCTION PERMIT

Official Mailing Address:                                    

Authorizing Official:

UnlimitedHours of Operation:
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Callsign: KRPI BP-20090226AAFPermit No.:

Transmitter(s): Type Accepted. See Sections 73.1660, 73.1665 and
73.1670 of the Commission's Rules.

Antenna Coordinates:

Nominal Power (kW):

Name of Permittee: BBC BROADCASTING, INC.

Station Location: POINT ROBERTS, WA

Station Class: B

Frequency (kHz): 1550

48

123
Deg

Deg

59

04Longitude:

Latitude:

Day

N

W Min 08 Sec

Min 54 Sec

48

123
Deg

Deg

59

04Longitude:

Latitude:

Night

N

W Min 08 Sec

Min 54 Sec

50.0Night: 50.0Day: 

Antenna Mode: Day: DA Night: DA

(DA=Directional Antenna, ND=Non-directional Antenna; CH=Critical Hours)

Antenna Registration Number(s):

Tower No. ASRN Overall Height (m)

Day:

1 1276210

2 1276211

3 1276212

Tower No. ASRN Overall Height (m)

Night:

1 1276210

2 1276213

3 1276214
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Callsign: KRPI BP-20090226AAFPermit No.:

Standard RMS (mV/m/km):

Augmented RMS (mV/m/km):

Q Factor:

DESCRIPTION OF DIRECTIONAL ANTENNA SYSTEM

Theoretical RMS (mV/m/km):

Theoretical Parameters:

Day Directional Antenna:

Tower
No.

Field
Ratio

Phasing
(Deg.)

Tower Ref
Switch *

Orientation
(Deg.)

Height
(Deg.)

Spacing
(Deg.)

1 1.0000 0.000 0.0000 00.000 80.0

2 0.7000 -84.000 90.0000 030.000 80.0

3 0.4000 77.000 90.0000 0210.000 80.0

1 = Spacing and orientation from previous tower
0 = Spacing and orientation from reference tower

* Tower Reference Switch

Theoretical Parameters:

Night Directional Antenna:

Tower
No.

Field
Ratio

Phasing
(Deg.)

Tower Ref
Switch *

Orientation
(Deg.)

Height
(Deg.)

Spacing
(Deg.)

1 1.0000 0.000 0.0000 00.000 80.0

2 0.8400 -70.000 100.0000 0310.000 80.0

3 0.5750 67.000 100.0000 0130.000 80.0

1 = Spacing and orientation from previous tower
0 = Spacing and orientation from reference tower

* Tower Reference Switch

Day: 2185.2

2295.66Day: 

Day: Night: 

2264.38Night: 

Night: 2155.39
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Callsign: KRPI BP-20090226AAFPermit No.:

Special operating conditions or restrictions:

1 The permittee must submit a proof of performance as set forth in either
Section 73.151(a) or 73.151(c) of the rules before program tests are
authorized.
A proof of performance based on field strength measurements,
per Section 73.151(a), shall include a complete nondirectional
proof of performance, in addition to a complete proof on the
(day) and (night) directional antenna system.  The nondirectional
and directional field strength measurements must be made under
similar environmental conditions.  The proof(s) of performance
submitted to the Commission must contain all of the data
specified in Section 73.186 of the rules.
Permittees who elect to submit a moment method proof of performance, as
set forth in Section 73.151(c), must use series-fed radiators.  In
addition, the sampling system must be constructed as described in
Section 73.151(c) (2) (i).

2 Permittee shall install a type accepted transmitter, or submit
application (FCC Form 301) along with data prescribed in Section
73.1660(b) should non-type accepted transmitter be proposed.

3 A license application (FCC Form 302) to cover this construction permit
must be filed with the Commission pursuant to Section 73.3536 of the
Rules before the permit expires.

4 Licensee shall be responsible for satisfying all reasonable complaints
of blanketing interference within the 1 V/m contour as required by
Section 73.88 of the Commission's rules.

5 Ground system consists of 120 equally spaced, buried, copper radials
about the base of each tower, each 48.8 meters in length except where
terminated by property boundaries or where intersecting radials are
shortened and bonded to a transverse copper strap midway between
adjacent towers.
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Callsign: KRPI BP-20090226AAFPermit No.:

Special operating conditions or restrictions:

6 These four special conditions are required per the FCC's Enforcement
Bureau staff.  Pursuant to Sections 73.1030(c) and 73.1620(b) of the
Rules, 47 C.F.R. §§73.1030 and 73.1620(b), the authority granted herein
is subject to the following conditions:

(a)The maximum fundamental field strength produced by the proposed
transmitter shall not exceed 25 millivolts per meter (mV/m) as measured
at the Federal Communications Commission's FERNDALE, WA monitoring
station at any time.

(b)Any and all spurious emissions, other than on frequencies contained
within the AM Broadcast band, which are in any way related to this
station’s facilities or transmissions, as detected by the monitoring
equipment at the Commission’s FERNDALE, WA monitoring station shall be
no greater than 1 microvolt per meter (µV/m, which is equivalent to 0
dBu).

(c) In the event of interference, including intermodulation, to
monitoring, direction finding, or related operations at the Federal
Communications Commission's FERNDALE, WA monitoring station, which is
in any way related to this station’s facilities or transmissions, the
licensee shall take such corrective actions as necessary to eliminate
the interference at the applicant’s risk and expense. Corrective action
shall include the provision, installation, and adjustments of suitable
transmitter filter circuits, shielding, or other appropriate devices as
may be required to eliminate the interference. If these or other
measures do not eliminate the interference, the licensee shall reduce
power to comply or cease transmissions.

(d)If any additional reduction in power is necessary after the station
becomes operational to comply with the 25 mV/m in-channel, and the 1
µV/m out-of-band limits, or to eliminate interference to the
Commission’s FERNDALE, WA monitoring station, the licensee shall
immediately apply for a Special Temporary Authority (STA) and shall
file an application to the Commission for the altered parameters.

***  END OF AUTHORIZATION   ***
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The Noise and Crosstalk Environment for
ADSL and VDSL Systems

0163-6804/99/$10.00 © 1999 IEEE

elecommunications operators’ access networks
were originally constructed from twisted copper

pairs carrying voiceband signals at frequencies below 4 kHz.
The sheer inertia of the worldwide installed copper base
means that it could take many years to migrate the access net-
works from copper to fiber. A combination of the existing
copper infrastructure and digital subscriber line (DSL) trans-
mission technologies mean that a new era of universal broad-
band access can now begin at a fraction of the cost, and in a
fraction of the time required for optical access networks.

However, there is a threat to this vision of the future: it is
relatively simple to design transmission systems that work well
in simulations and in a few specific laboratory tests, but more
difficult to deliver useful capacity when subjected to the hos-
tile environment of the real network. Also, the uncontrolled
deployment of such advanced transmission systems in multi-
pair cables would result in mutual interference due to
crosstalk. Such degradation can occur even when the systems
are quite thoroughly specified, since they can be inadvertently
operated so as to cause problems. Even a low rate of such
instances would significantly pollute the copper network. It is
therefore vital to understand the crosstalk environment and
spectral compatibility issues for various DSL variants [1] if the
broadband potential of the existing copper access network is
to be fully realized.

The issues associated with the spectral compatibility of the
various digital transmission systems that have been or will be
deployed in the world’s copper access networks are technically
complex. This article describes the noise and crosstalk envi-
ronment in which a variety of broadband DSL transmission
systems must harmoniously coexist. The article explains how
measurements have been made on live cables to provide real-
istic performance models. It then describes the critical areas
of frequency planning and spectral compatibility which are
essential if the broadband potential of the copper infra-
structure is to be realized.

THE COPPER ACCESS
NETWORK INFRASTRUCTURE

Figure 1 shows an overview of BT’s access network. Many
other telcos’ networks have a similar topology. The main net-
work consists of large multipair cables which radiate out from
the main distribution frame (MDF) located within the serving

local exchange to flexibility points
known as primary cross-connection
points (PCPs). Individual cable seg-
ments are joined together to form the
link from MDF to PCP. From the PCP
outward, the network is known as the
distribution (D-side) network, whereas

the MDF to PCP link is known as the exchange (E-side) net-
work. From the PCP, connections radiate out to distribution
points (DPs). From the DP the connection is made to the cus-
tomer premises via the dropwire or final drop. The distribution
network may be overhead or underground.

The cables that are predominantly used in the access net-
work are unshielded twisted pairs (UTPs) of differing gauges.
The smaller gauges are found closer to the exchange (to make
the large multipair cables easier to handle), the larger gauges
toward the customer premises, where the environment is more
hostile and there is a need to achieve maximum range for a
given transmission and signaling resistance requirement.

IMPAIRMENTS FOR DSL
Copper access transmission systems face a variety of impairments
that present barriers to their operation. These can be broadly
classified as intrinsic or extrinsic to the cable environment.

NOISE
Examples of intrinsic noise impairments are thermal noise,
echoes and reflections, attenuation, and crosstalk. There are
also other components that reside in the cable infrastructure
that can impair the operation of DSL systems. These include
surge protectors, radio frequency interference (RFI) filters,
and, in some networks, bridged taps and loading coils. Anoth-
er intrinsic impairment is the condition of the cable infra-
structure, which exhibits faults such as split pairs, bunched
pairs, leakage to ground, low insulation resistance, battery or
earth contacts, and high-resistance joints. All these impair-
ments reduce DSL performance.

Examples of extrinsic impairments are impulsive noise
originating from lightning strikes, electric fences, power lines,
machinery, arc welders, switches, fluorescent lighting, and so
on. There is also radio interference from broadcasting and
radio transmitters.

The noise sources mentioned above can alternatively be
classified as capacity or performance limiting. Capacity limit-
ing noise is usually slowly changing, such as thermal noise and
crosstalk. These noise levels are often predictable and rela-
tively easy to take into account when the telco creates deploy-
ment-planning rules.

Performance limiting noise, such as impulses and RFI, is inter-
mittent in nature. It is geographically variable and unpredictable,
and therefore is usually accounted for in planning rules by

John W. Cook, Rob H. Kirkby, Martin G. Booth, Kevin T. Foster,

Don E. A. Clarke, and Gavin Young

BT Laboratories

T

This article provides an overview of the noise and, in particular,
the crosstalk environment in which DSL technology needs to

operate. Transmission on the copper access network will be subject to impairments which
will limit the achievable information capacity, and there is an urgent need to ensure that
all DSL systems are spectrally compatible if the capacity of the network is to be fully real-
ized.  This article discusses the principles of frequency planning in copper access networks
that help to ensure compatibility of deployed systems.
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using a safety margin. DSL systems
seek to use additional signal process-
ing, such as error correction with
interleaving and adaptive line codes,
to mitigate such sources of noise.

CROSSTALK
Crosstalk causes by far the largest
contribution to capacity limiting
noise for DSL systems, so it is worth
examining in a little more detail
here. There are two very different
types of crosstalk in multipair access
network cables, near-end crosstalk
(NEXT) and far-end crosstalk
(FEXT), as shown in Figs. 2 and 3.

NEXT is interference that
appears on another pair at the same
end of the cable as the source of
the interference. Its level is substan-
tially independent of the length of the cable.

FEXT, on the other hand, is interference that appears on
another pair at the opposite or far end of the cable to the source
of the interference. Its level is attenuated at least as much as the
signal itself if both have traveled the same distance.

NEXT affects any systems which transmit in both direc-
tions at once (e.g., echo-canceling systems), and where it
occurs it invariably dominates over FEXT. NEXT can in prin-
ciple be eliminated by not transmitting in both directions in

the same band at the same time, separating the two directions
of transmission into either nonoverlapping intervals in time or
nonoverlapping frequency bands.1 This is how ADSL and
VDSL systems attempt to avoid self-NEXT by using frequen-
cy- or time-division duplexing.

EMC
DSL transmission systems are required to operate on access
wire pairs which exist in a harsh physical and electromagnetic

environment. Since they cannot be screened and
are often hung from poles, they have the capacity
to act as antennae. This means that they can pick
up radiated emissions which may become sources
of interference to DSL systems; equally, there is
the potential for DSL line signals to leak out of the
cables and cause interference to radio systems.
Obviously, it is vital that both of these possibilities
are understood and their impact controlled.

Emissions — Most DSL line signals up to and
including ADSL use frequencies and signal levels
so low that emissions are unlikely to radiate signifi-
cantly. Access network cables transmit DSL signals
in a balanced mode (equal and opposite voltages
on each wire) which tends to cancel out potential
emissions. Any signal that does find its way into
the radiative unbalanced mode is likely to be poor-
ly radiated because the wavelength is so long that
the antenna efficiency of the cables is very low.
This has been confirmed by measurements by both
BT [2] and independent authorities.

At VDSL frequencies the picture changes some-
what. Although the signal levels are still very low, the
frequencies are much higher to the extent that the
degrading balance of the cables allows more of it to
enter the radiative mode. Once there, the shorter
wavelength raises the antenna efficiency, so signifi-
cant emission becomes a more real prospect. By mak-
ing some careful design choices the problems can be
reduced to manageable proportions, however, as has
been confirmed by extensive measurements [3–5].

Susceptibility — Antennae work reciprocally, of
course, so cables that can radiate emissions can

■ Figure 1. Access network topology.
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■ Figure 2. NEXT.
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1 The two methods are discussed more fully later.■ Figure 3. FEXT.
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also pick them up from external sources. Normal radio sig-
nals do not pose much of a threat to DSL signals, though,
because the sophisticated receivers used have intrinsic abili-
ties to eliminate or ignore them. RFI pickup only really
becomes an issue when there are strong nearby transmitters.
Again, VDSL systems are most likely to be affected because
of the increased antenna efficiency of network cables at
these frequencies. Some special methods can be used to mit-
igate these effects, such as RFI cancellation. In very severe
RFI environments, such as close proximity to a strong AM
broadcast transmitter, DSL systems may not be workable
and substitute technology, such as direct fiber, may be the
only alternative.

MEASURING FEXT
FEXT is a well understood problem for telephony cables at
low frequencies. It is, however, not well characterized for
higher frequencies in a real network. In a real network, FEXT
is not just a function of the crosstalk in the cables, but also of
joints, gauge changes, and so on. In order to understand the
implications for VDSL, equipment has been developed to
measure FEXT in a live network.

Measuring FEXT is both time-consuming and involved,
even in a laboratory environment; in the access network it is
even more problematic. In a live network not only is it more
difficult to make any measurement, but also the disruption to
the network has to be kept to a minimum.

In the laboratory, although cumbersome, it is straightfor-
ward to measure the FEXT in a cable. Typically the cable is
either new or well maintained with few faults, also the rela-
tive arrangement of the pairs in the cable is known. Because
FEXT between two pairs drops off markedly with their sepa-
ration in a cable, and the couplings between two adjacent
pairs will be similar from pair to pair, FEXT signal-to-noise
ratios (SNRs) do not have to be measured for all pair com-
binations to have confidence in the characterization of the

cable. This, though, is not the case in the access network,
and to adequately characterize a cable here it is neces-
sary to measure as large a set of the pair-pair combina-
tions as possible.

Figure 4 is a schematic of part of a distribution net-
work. There are two major differences from the simple
cable case:
• There are joints (represented by X in the figure).

• Sets of pairs terminate at DPs, resulting in different
lengths over which crosstalk can affect the signal.
In order to measure FEXT in a live network, VDSL split-

ters are spliced into all 100 pairs at the cabinet; similarly,
VDSL splitters are spliced into all the pairs at a given DP
(Fig. 5). This reduces disruption of the customers’ POTS ser-
vice to the time it takes to splice in the splitter — a few sec-
onds — and not the time it takes for the measurement, which
is on the order of an hour.

A test signal generator is constructed which generates 10
separate, distinct broadband output signals. These signals are
connected to up to 10 of the VDSL connections at the DP. A
scanning measurement then samples the signals on each of
the up to 100 VDSL connections at the cabinet sequentially.
As it measures each pair it is able to separate contributions to
that pair from each of the up to 10 connected distinct trans-
mitters, thus measuring up to 10 FEXT couplings at up to 100
frequency points.

This is repeated at all the DPs present, thereby measuring
all the required FEXT couplings to adequately characterize
that cable.

The data is then analyzed to extract the complete coupling
matrix for the cable being measured of size n x m x l where n
is the number of pairs scanned, m the number of those pairs
which had one of the transmitters connected at the DP at
some stage during the testing, and l the number of different
frequency points measured. The cable attenuations are
accounted for, and the matrix can then be used to measure
predictions for FEXT.

Figure 6 shows overplotted the 100 FEXT SNRs for the
100 pairs of a calibration check cable. Each SNR represents
the difference between a particular insertion loss and the
power sum of the 99 FEXT couplings which contribute to
FEXT interference into that pair.

The straight line in Fig. 6 shows the 1 percent worst-case
theoretical model which the work on FEXT is intended to
verify or modify.

■ Figure 4. A schematic of a distribution network.
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SPECTRAL COMPATIBILITY

Spectral compatibility is concerned with coordinating the
behavior of systems sharing the cable environment, in order to
realize the intrinsic data transmission capacity of the cables.
Earlier sections have discussed mutual interference between
the systems as the dominant noise source. Spectral compatibil-
ity is achieved by limiting the spectral power each transmitter
may inject into the cables. The set of rules which define these
limits is called a frequency plan.

PRODUCING A FREQUENCY PLAN
There is no consensus yet on how to produce a frequency
plan. The matter is being debated in various standards bod-
ies, notably American National Standards Institute (ANSI)
T1E1.4, and eventually a common set of tools may emerge.
It is very unlikely that a common frequency plan will be pos-
sible, because different networks have different topologies
and different legacies of systems already deployed. Thus,
each operator owning a copper access network is likely to
require their own individual frequency plan which applies to
that network.

It follows that standardizing equipment is not sufficient
in itself to ensure conformance to a frequency plan: the
standards address international markets, and it is anticipat-
ed that local configuration will be necessary from standard
options.

The method used in this article is based on spectral masks
[6]; under such a plan, every transmitter has a mask applicable
to it, and conforms to the plan provided that its power output
is no greater than the mask at each frequency. Which mask is
applicable depends on where the transmitter is located, but is
independent of the type of system — the spirit of such plans is
that if any type of system may transmit at a given level at a
given location, every type of system may.

An example is developed below.

PERFORMANCE
The performance of a transmission system can be evaluated in
terms of either the best data rate it can achieve on a given
channel, or the worst channel it can use for a given data rate.
The former is more usual for comparing voiceband modems;
the latter is more useful to telcos as it relates to reach — the
longest line a given technology can use.

When a system uses the same frequency band in both
directions of transmission at the same time, adjacent to a sys-
tem just like itself in the same cable, the system performance
is NEXT limited. Both basic rate ISDN and HDSL operate in

this way. From the inception of ADSL, it was clear that to go
further required systematic avoidance of NEXT; the original
ADSL proposal was effectively unidirectional, using telephone
key tones as the reverse channel [7].

DUPLEXING
Systematic separation of the directional channels is called
duplexing. Duplexing can be achieved either by the two
directions2 being assigned nonoverlapping frequency bands,
called frequency-division duplexing (FDD), or by assigning
intervals of time exclusively to each direction, called time-
division duplexing (TDD), or ping-pong. Of course, all sys-
tems which share the cable must use the same method and
duplexing parameters; for TDD this requires all systems to
be synchronized.

THE ADSL BAND
This subsection develops a plan for the spectral manage-
ment of DSL systems connected to multipair access cabling
at frequencies up to 1.1 MHz. It should be noted that it is a
simplified example, not necessarily one that BT will eventu-
ally use.

Assume that the transport technologies to be supported
are existing POTS, narrowband ISDN (ISDN-BA), 2 Mb/s
HDSL, and new ADSL connections. In each case, one end of
the connection is in the exchange, the other in the customer
premises. Then the frequency plan is designed to permit the
existing installed base of equipment and support a standard
form of ADSL [7], while forbidding any more powerful trans-
missions (which may have an adverse impact on the service
quality of existing DSL systems). Furthermore, in this example
FDD is assumed for ADSL.

The upstream mask is, for each frequency, the maximum
of the spectra produced by ISDN-BA, HDSL, and ADSL
transmitters. Since HDSL has limited reach, in both two-pair
and three-pair 2 Mb/s E1 implementations, three different
masks are defined for locations at different ranges from the
exchange. Figure 7 is the resulting upstream mask for ranges
that three-pair HDSL can reach but two-pair cannot.

The downstream mask is also the maximum of the spectra
produced by ISDN-BRA, HDSL, and ADSL transmitters. The
ADSL bandwidth in this direction is much wider, and domi-
nates the higher frequencies (ISDN dominates the lower fre-
quencies). The resulting mask is shown in Fig. 8.

■ Figure 6. 100 FEXT SNRs for LNEL 400 m of 0.4 mm cable.
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■ Figure 7. An example of an upstream mask.
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Under this plan the upstream channel is NEXT limited: since
its bandwidth is also available to the downstream channel,
receivers at the exchange experience crosstalk from transmitters
at the exchange in the same bandwidth. However, the down-
stream channel has parts which are exclusively reserved for that
direction, and this bandwidth offers FEXT limited capacity.

THE VDSL BAND
VDSL equipment is being developed to work in the same
access network as ADSL and to mainly use frequency bands
above ADSL. It is not yet possible to outline a frequency plan
to include it because many technical details have yet to be
finalized. For example, the international standards committees
are still debating whether such equipment shall use FDD or
TDD as the duplexing technique. If TDD is adopted by a net-
work operator, it will necessitate the formulation of a time as
well as frequency plan.

However, it is worth noting what is already known about
VDSL so that other parts of the frequency plan leave capacity
unassigned:
• VDSL will normally operate over a partial segment of the

local access line between the customer premises (net-
work termination, NT) and an intermediate node con-
taining the VDSL line termination (LT).
Thus, the locations for which the plan will define masks
could be the customer premises and the cross-connect
street cabinet. If multiple masks are necessary, range will be
defined by distance measured from the intermediate node.

• VDSL will need power backoff in the upstream channel
[9], because lines of widely varying length will share cable
from the LT.
In terms of transmitter masks, power backoff implies a
large number of masks; it may be more appropriate to
specify the spectrum at the LT receiver.
Note that an ADSL system would be unable to sense the
range of the intermediate node, and thus could not perform
the necessary backoff. Hence, an ADSL system may not use
the upstream VDSL band, even though either systems’
upstream transmitter would be sited in the same location.

• Other connected equipment should not pollute the
VDSL band.
There is a real threat that such pollution could occur, for
example, from customer premises equipment. An exam-
ple would be signals generated by equipment used by the
customers to network computers in their homes using the
telephony extension wiring. The signals from such sys-
tems will leak out into the access network and become a
source of NEXT. Such equipment is already available in
some parts of the world [10], and current versions utilize
frequencies needed for VDSL operation.

THE SIGNIFICANCE OF A FREQUENCY PLAN

A frequency plan such as the example described here has
enormous significance because installed equipment which con-
forms to the plan would be very expensive to adapt to con-
form to another plan. Thus, a frequency plan will become
effectively permanent once it is set.

However, the advantages of having a plan far outweigh the
drawbacks. For example, the ADSL part of the example plan
outlined above was written around current telco activities, and
could become suboptimal for different service aspirations.
This is a drawback. But the protection afforded to capacity,
even by a somewhat suboptimal plan, is more valuable than
an optimal plan which would never be completed.

Producing a plan has a long lead time, partly because it
rests on technical details from the international standards
bodies (which themselves require a lot of effort and collabora-
tion), and partly because it may have impact beyond an
incumbent telco’s direct control (e.g., if deregulation were to
require open access to the incumbent’s wire pairs).

CONCLUDING REMARKS
Since the key limitation to DSL capacity is crosstalk, BT has
invested considerable effort in understanding the crosstalk
environment of its network. This measurement and modeling
effort is enabling the real-world performance of new DSL
systems to be quantified, which in turn helps BT to work
with its suppliers to optimize system designs and to con-
tribute to international standards. It also facilitates more
accurate performance predictions and equipment deploy-
ment rules.

A critical aspect of the deployment rules for DSL involve
ensuring that new generations of DSL and existing legacy cop-
per transmission systems do not mutually interfere. There are
now so many variants of DSL (some with extremely flexible
configuration options) that it would be easy for a telco with
limited expertise in this area to accidentally deploy a system
that precludes future evolution options, and artificially limit
the potential performance of their network. Worse still, it
could degrade the performance of existing systems and even
cause service interruption to customers whose traffic is carried
on such systems.

Hence, it is vital for the administrator of a copper access
network infrastructure to fully understand the spectral
compatibility issues for the copper network. This under-
standing is vital because as soon as access equipment is
deployed, it is very expensive to recover it in favor of “the
next best thing.”

Standards are necessary but not sufficient. It is still possi-
ble to use standards-compliant equipment in configurations
that reduce available capacity, or impact the performance of
existing systems. Protecting the potential capacity of the local
access network requires coordinated management of all the
transmission systems connected to it, including types of CPE
such as HPNA, and limitation of their individual spectral
power transmission levels. This article has presented a method
for achieving this coordination via the use of spectral masks
(although the method needs further development).

In summary, realization of the megabit capacity of the exist-
ing copper access network is critically dependent on under-
standing and controlling the crosstalk environment to ensure
spectral compatibility of new and legacy transmission systems.
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■ Figure 8. An example of a downstream mask.
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ABSTRACT 
 
The issue of radio frequency interference in Digital 
Subscriber Line (DSL) networks is of particular concern 
in urban areas with many strong radio sources nearby. 
This paper investigates in detail the mechanisms 
underlying the capacity reduction due to the presence of 
radio frequency signals from Amplitude Modulated (AM) 
broadcast stations in an ADSL network. An ADSL 
system, channel, and radio frequency interference noise 
were simulated in MATLAB. The capacity reduction due 
to different Radio Frequency (RF) ingress conditions was 
studied. Spectral Spreading of the RF interferer, as 
suggested by Harris et al [1], is a primary cause of 
capacity reduction, but only at long loop lengths where 
the signal to Gaussian noise ratio is very low. 
 
 
KEY WORDS 
 
DSL, RF Interference, Broadband. 
 
 
1. INTRODUCTION 
 
To address the need for high data rates in the “last mile”, 
broadband access technologies like Digital Subscriber 
Line (DSL) and cable modem were introduced. DSL 
provides data rates on the order of Mbps. These 
theoretical maximum rates can be achieved only under 
ideal conditions. The actual data rates achieved depend on 
the channel characteristics and noise conditions in the 
channel. Noise can be in the form of crosstalk noise from 
other twisted pairs in the same bundle, or it can be noise 
from sources which are external to the bundle. A powerful 
external source may induce noise in the DSL line. In 
urban areas where DSL is widely deployed, there are 
many Radio Frequency (RF) sources. These RF signals 
may couple to the DSL link.  
 
The Amplitude Modulated (AM) Medium Wave (MW) 
broadcast band in the United States is 550 kHz – 1700 
kHz. A portion of this band overlaps with the full rate 
Asymmetric Digital Subscriber Line (ADSL) downstream 
band. The radio frequency signals transmitted by AM 

broadcast stations couple onto the DSL line through both 
aerial and buried telephone wire, and the coupling is 
accentuated by poor balance of cable and unterminated 
lines. 
 
The paper by Harris et al [1], which was the motivation 
for this work, states that uniform data windowing in G.lite 
ADSL systems could be the reason for capacity reduction 
as uniform windowing causes spectral spreading of RFI 
signals. However, their model does not have an equalizer 
in its receiver because the motivation for G.lite was to 
reduce complexity of the modem wherever possible. In 
contrast with industry practice, when Harris’s work first 
appeared, most ADSL modems now include an equalizer 
even though an equalizer is not mandated by the standard.  
Since ANSI and G.dmt ADSL systems are widely 
deployed compared to G.lite systems, the capacity 
reduction in an ANSI ADSL system due to radio 
frequency interference was studied in this work. AM 
transmitters are considered as RF noise sources in this 
study. The results of this study can be extended to any 
xDSL system which uses the DMT modulation technique.  
 
 
2. AM RADIO INERFERENCE 
 
Radio frequency sources such as amateur (Ham) radios, 
AM broadcast stations, and RF heating systems operate in 
the xDSL frequency spectrum and may cause interference 
problems if the RF noise enters the DSL line. Ham radio 
signals are unpredictable and may appear and disappear at 
any frequency within the bands allocated to Hams at any 
time. The induced Ham radio and AM broadcast signals 
in the DSL line may be very strong when compared to 
DSL signals in the twisted pair wire. 
 
Double Side Band AM (DSB-AM) broadcast signals are 
10 kHz wide. The strength of an AM interference signal 
on the DSL link depends on the location of the AM 
ingress source, direction of the source, and strength of the 
transmitted signal. Harris et al [1] measured the highest 
RF disturbance strength in the local loops of two 
Canadian cities, which had a distribution of 60% aerial 
plant and 40% buried plant. Their results show that the 
median interference level of the differential mode RF 
ingress signal was –53 dBm and 10% of the homes 
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experienced interference of −37dBm or higher [1]. The 
RF ingress level in a buried plant is only 4 dB below the 
aerial plant ingress levels [2]. Harris’s [2] paper shows 
that the interference signal may be as strong as the DSL 
signal at the tones where the AM ingress signal’s 
spectrum overlaps with the DSL signal. 
 
The radio frequency interference will affect the front end 
of the ADSL system. There are possibly non-linear and 
linear effects which may be caused by RFI. These effects 
may reduce the link capacity. 
 
Non-linear effects 
1) The common mode rejection ratio of the front-end 

amplifier determines the extent to which the common 
mode signal is cancelled. Inadequate cancellation of 
the common mode signal may reduce the effective 
dynamic range of the analog to digital converter, and 
may cause a decrease in the overall Signal to Noise 
Ratio (SNR) by activating the automatic gain control. 

2) Intermodulation products in the band of ADSL may 
appear in the front-end amplifier. 

 
Linear effects 
1) Implicit rectangular windowing in DFT demodulation 

causes spectral spreading of the narrow band 
interferer. 

2) Direct interference to tones within bandwidth of 
interferer. 

 
Only linear impairments are studied in this work. The 
following issues are analyzed in this study: 
1) The role of a time domain equalizer in RFI 

cancellation. 
2) The issue of rectangular windowing versus non-

uniform windowing. 
3) RFI cancellation using a bandstop filter. 
 
 
3. SIMULATION MODEL 
 
Figure 1 shows the block diagram of the ADSL system 
simulated for this study. An ATU-C transmitter and ATU-
R receiver are modeled. The model was simulated in 
MATLAB ver. 6.1. The constellation point for each tone 
is randomly generated and modulated using IFFT. A 
cyclic prefix is added to each DMT symbol. The channel 
is simulated using an approximate model which 
represents a 0.5 mile (2640 feet) long 26 gauge twisted 
pair wire given by equation 1 [3]. 

fjdkfkfkd eefdH 321 )(),( −+−= ,                 (1) 
where  d is distance in miles, 
            f is frequency in Hertz,  
and for 26 gauge twisted pair copper wire the values of 
the constants k1, k2, k3 are, 
k1 =  4.8*10-3 
k2 = -1.709*10-8 

k3 =  4.907*10-5 

Figure 1: Simulation Model Block Diagram 
 
The DMT signal is convolved with the channel impulse 
response, and white Gaussian noise, HDSL crosstalk 
noise, and AM broadcast interference are added. At the 
receiver, the signal is equalized and the equalizer 
coefficients are calculated when the G.hs training signals 
are transmitted.  The Time Domain Equalizer (TEQ) is 
simulated using a 32-tap block adaptive Wiener FIR filter. 
After time domain equalization, the cyclic prefix is 
removed and the data is demodulated. The Frequency 
Domain Equalizer (FEQ) performs minor correction of 
phase and amplitude errors at each tone. For each tone the 
correction factor is the inverse of the composite frequency 
response of all filters through which the signal passes (the 
channel and TEQ in this simulation). The FEQ equalized 
data is then decoded.  A constant bit allocation of 4 bits 
per tone is assumed. 

Figure 2: Simulated Modulated G.test RFI model I  
 

Two noise cases, a single ingress source and multiple 
ingress sources, are taken into consideration. The first 
case is an AM broadcast station operating at 540 kHz as 
the source of ingress noise. The second case is where the 
RFI Model I in G.test [4] is modified. As an extension of 
the G.test RFI models, modulated AM signals with the 
defined carrier frequencies and power levels are 
generated. In both cases only the RFI components inside 
the ANSI-ADSL band are considered. The power spectral 
density of simulated modulated G.test RFI Model I 
ingress signal is shown in Figure 2. 
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Capacity Reduction Metric 
The capacity reduction is studied with two metrics: (1) the 
Euclidean distance between the transmitted constellation 
point and the received constellation point for each tone, 
and (2) the number of tones in error. The Euclidean 
distance method gives a better understanding of the 
magnitude of error.  This distance is the length of the 
error vector in signal space.  If the error vector is larger, 
then the probability for the tone to be decoded incorrectly 
is greater. If the error vector is small, then the data may be 
accurately recovered with error correction methods.  
 
For the second metric, a tone is decided to be in error if 
the received signal is decoded to be a constellation point 
which is different from the transmitted constellation point. 
The Euclidean distance between the recovered data point 
and all possible constellation points is calculated. The 
received data is decoded as the constellation point which 
has the shortest distance to the received data point. Error 
checking is not done in terms of bits in error, as no error 
checking and error correction features are embedded in 
this simulation. 
 
Simulation Scenarios 
The following simulation scenarios are used in this study. 
 
1) Baseline Model 

An Interference Free Channel is the baseline case. 
The channel response model is used and White 
Gaussian Noise (AWGN) of –140 dBm/Hz is added 
to the channel. All remaining cases add impairments 
to this baseline case. 

 
2) Single Ingress Source 

2a) RFI Plus Crosstalk: In this case the channel has 
AWGN, 24-disturber HDSL crosstalk noise, and 
radio frequency interference (AM broadcast station at 
540 kHz). 
2b)Bandstop Filter Preprocessing: This test case is 
similar to case 2a, but the RFI is cancelled with a 10 
kHz bandstop filter. A 2nd order 10 kHz ( 535 kHz – 
545 kHz) stopband Butterworth filter precedes the 
equalizer. 

 
3) Multiple Ingress Source 

Modulated G.test RFI Model I: This case is similar to 
case 2, but the RF ingress signal is the modulated 
G.test RFI Model I. 

 
The following assumptions were made in the simulations. 

• 50 randomly generated DMT data symbols are 
transmitted.  

• The transmitted signal has a total average power 
of +17 dBm in the downstream direction. 

• RFI signal total average power is –40 dBm. 
• Loop length = 0.5 miles (2640 feet). 

• Tones 32 to 255 (except tone 64) carry data in 
downstream direction (233 data bearing tones in 
total). 

• Average, maximum and minimum number of 
tones in error are calculated for the 50 symbol 
set. 

• For error calculation, the first symbol is 
neglected as there is no ISI effect in that symbol. 

• All signals are bandlimited to 1.104 MHz. 
 
 
4. SIMULATION RESULTS 
 
Case 1: Interference Free Channel 
Figures 3 and 4 show the TEQ frequency response and 
average error vector magnitude for this case. The average 
number of tones in error is 4.96 tones (2.13 % of the 
tones). 
 
Case 2: Single Ingress Source 
 
Case 2a: RFI Plus Crosstalk 
Figures 5 and 6 show the TEQ frequency response and 
average error vector magnitude for this case. From the 
equalizer response it can be seen that the equalizer is 
trying to cancel the RF ingress noise. The equalizer does 
not do a perfect job in canceling the RFI.  From the 
average error vector magnitude plot it can be seen that the 
tones near 540 kHz are affected. The average number of 
tones in error per DMT symbol is 9.43 tones (4.05 %). 
 
The paper by Harris et al suggests that the capacity 
decrease is due to spectral spreading of interferer energy 
as a result of rectangular windowing [1]. From Figure 6 it 
can be seen that the capacity decrease at this loop length 
is mainly due to the direct effect of AM ingress noise on 
the tones in the interferer’s bandwidth rather than spectral 
spreading to other tones. To investigate this further, an 
ADSL signal was transmitted across an ideal channel in 
the presence of AWGN alone and with sinusoidal ingress 
noise source at 540 kHz alone. Figures 7 and 8 show the 
average error vector for these cases in log scale. The 
windowing effect is seen in the broadening of the 
interferer’s spectral line in Figure 7. The comparison 
threshold for this spectral spreading is the AWGN noise 
case (Figure 8). Note that the error vector “floor” for the 
sinusoidal interferer is about 7dB above the error vector 
floor in the AWGN case. This will vary with interferer 
strength of course 
 
Case 2b: Bandstop Filter Preprocessing 
Figures 9 and 10 show the TEQ frequency response and 
average error vector magnitude for this case. The average 
number of tones in error per DMT symbol in this case is 
8.27 tones. With the bandstop filter, the performance 
improved only slightly. 



 

Figure 3: TEQ Response – Interference Free Channel 

 

Figure 5: TEQ Response – RFI Plus Crosstalk 

 

Figure 7: Ideal Channel With Single Sinusoidal Ingress 
                                        Source 

 

 

Figure 4: Average Error Vector Magnitude  – 
Interference Free Channel 

 

Figure 6: Average Error Vector Magnitude  – 
RFI Plus Crosstalk 

 

Figure 8: Ideal Channel With AWGN 
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Figure 9: TEQ Response – Bandstop Filter Preprocessing 

 
Figure 11: TEQ Response – Modulated G.test RFI Model I 

 
Figure 13: Average Error Vector Magnitude  – Windowed FFT 

 
Figure 10: Average Error Vector Magnitude  –Bandstop Filter Preprocessing 

 

Figure 12: Average Error Vector Magnitude  –Modulated G.test RFI Model I 
 
Case 3: Modulated G.test RFI Model I (Multiple Ingress 
Sources) 
Figures 11 and 12 show the equalizer frequency response 
and average error vector magnitude for this case. In the 
presence of multiple modulated interferers at the 
frequencies and power levels defined in G.test, the 
average number of tones in error per DMT symbol is 
25.16. As expected, in the presence of multiple interferers 
the capacity of the DSL link decreases significantly. 
 
Case 4: Windowed FFT 
The Harris et al paper [1] concludes that a narrowband 
interferer causes a drastic capacity reduction as a result of 
the energy spreading, or “spectral leakage”, due to the 
linear DFT operation. They state that as uniform or 
rectangular windowing is done implicitly in the 
conventional DFT, the spreading of narrowband interferer 
energy to frequencies far off from its center occurs. The 
rectangular window has side lobes which are only 13 dB 
below the main lobe at their maximum. It is also 
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suggested by Harris et al [1] that using other window 
functions might improve the achievable data rate. 
Windows other than the rectangular window do not have 
nulls at 2fs/N [5, cf. pg 84 Figure 3-16]. This causes major 
problems in taking the FFT because immediately adjacent 
tones are not nulled out by these windows. 
 
The interference free channel case was run with 
windowing at the receiver and one can see how plainly 
applying windowing will not help in recovering the data. 
A Hanning window was used to perform the windowed 
FFT. The average number of tones in error per DMT 
symbol in this case is 164.35 tones. Figure 13 shows the 
average error vector magnitude for this case. 
 

Number of Tones in Error 

Average Case 

Tones % 
Max Min 

Interference Free Channel 4.96 2.13 9 2 

RFI Plus Crosstalk 9.43 4.05 13 6 

Bandstop Filter Preprocessing 8.27 3.55 13 4 

Modulated RFI Model I 25.16 10.8 31 18 

Windowed FFT 164.35 164.35 178 147 

 
Table 1: Capacity Reduction 

 
Table 1 summarizes the capacity reduction in terms of 
number of tones in error. All simulations were run with 
the transmitted DMT signal average power of about 
17dBm and a loop length of 0.5 mile. When the RFI Plus 
Crosstalk case was rerun with a DMT symbol of power 
20dBm, the average capacity reduction was 9.02 tones per 
DMT symbol. As the number of interference sources 
increases, the capacity reduction increases. When the 
G.test multiple interferer model is used, the modulated 
noise case causes greater capacity reduction than the 
unmodulated noise case.  
 
To see how the loop length affects the capacity in the 
presence of RFI, the RFI plus crosstalk case with 
modulated G.test RFI noise was run for loop lengths of 
0.25, 0.5 and 1 mile. From the results in Table 2 one can 
see that as distance increases, the DSL link capacity 
decreases.  
 

Number of Tones in Error 
Average Distance 

(mile) 
Tones % Maximum Minimum 

0.25 16.41 7.04 24 11 
0.5 25.16 10.8 31 18 
1 63.04 27.06 73 53 

 
Table 2: Capacity Reduction vs. Loop Length – 

Modulated G.test RFI Model I 
 
 
 
 

5. CONCLUSION 
 
From the analysis of the results obtained, it is seen that 
spectral spreading of the narrowband interferer due to 
rectangular windowing is a cause of capacity reduction, 
but only at long loop lengths where the signal to Gaussian 
noise ratio is very low. It is also shown that directly 
applying other windows does not help in reducing the 
spectral spreading of the interferer. For a more detailed 
discussion of simulation cases and background work, 
refer to reference [6].  
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INTRODUCTION

xDSL achieves higher data rates over the existing copper
by utilizing the frequencies well above the voice
spectrum.  POTS service uses the 300 Hz to 3200 Hz
bandwidth; ADSL DMT uses up to 1.1 MHz and ADSL
CAP extends up to 1.5 MHz.

Figure 1 shows a typical bit distribution for ADSL DMT.
The frequency range is divided into 256 frequency
bands of 4.3125 kHz each.  The upstream signal uses the
lower frequency tones (20 to 138 kHz) while the
downstream signal uses the higher frequency tones
(140 to 1100 kHz).  The actual assignment of channels is
flexible.  And, the number of bits within each channel is
flexible as the modems try to optimize the bit distribu-
tion based on the signal-to-noise ratio for each tone.

Since DSL uses such a wide frequency spectrum, it is
particularly susceptible to interference from outside
sources.  Interference can be very harmful to DSL’s data
rate and signal to noise margin.  It may lead to a lower
data rate, or may prevent the modems from synchroniz-
ing at all.

The most likely culprit for interference is other digital
signals transmitted in the same or adjacent binder
groups.  These signals can crosstalk at common frequen-
cies.  AM radio transmission could be another potential
noise source as many AM stations broadcast their
frequencies in the same range as DSL.  DSL circuits
carried over aerial cables are more at risk to AM
interference than those carried underground.

A Power Spectral Density (PSD) measurement is an
effective tool to identify potential interfering services.
It checks for both intrinsic and extrinsic noise, including
RFI from AM transmission, crosstalk from adjacent
digital services in cable binders, as well as thermal and
impulse noise sources.

SUNSET XDSL PSD DMT MEASUREMENT

The SunSet xDSL is a simple field spectrum analyzer
with a resolution bandwidth of 4.3125 kHz and a range
from 13 to 1600 kHz.  The SunSet xDSL’s background
noise measurement can identify potential interfering
noise sources.  This test can be valuable for trouble-
shooting marginal circuits or for prequalifying a cable
pair for DSL.  Interferer masks can be superimposed on
your measurement to help you determine what type of
service is creating the interference.  For example, you
can compare your results to a sample template of noise
from 10 HDSL signals in the same binder group.  Other
background noise tests place filters to check for noise at
the frequencies used for ISDN BRI or HDSL.

Calibrating the Unit
If this is the first time running the background noise
test, you will need to calibrate your unit.  Make sure the
SunSet is disconnected from the circuit.  Press the
MENU key; then enter LINE, CALIBRATION, BACKGROUND
NOISE.  Calibration may take up to 20 seconds.  You
should see a "Calibrate is Done!" message when finished.
If the calibration fails, try to run it again.  After successful
calibration, proceed with your background noise test.
After calibrating the unit once, you will not need to
recalibrate until after you perform an Erase NV RAM.

Figure 1  ADSL DMT frequency spectrum

20-138 kHz0-4 kHz 140-1100 kHz

UPSTREAM DOWNSTREAM
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PSD DMT Test
Follow these steps to run the PSD DMT background

noise test:
1. Connect the SunSet to the pair to be tested with the

TDR/LINE/DMM jack.

2. Press the MENU key on the 2nd row of the keypad.

3. Enter LINE.  The LINE LED will light green indicating
the set is performing a Line measurement.

4. Enter BACKGROUND NOISE.

5. You will need to configure the setup screen.  Refer to
Figure 2.
a.  Set the receiver level (RxLEVEL) for the test set.
•  TERM (F1) places a 100Ω termination on the

received signal.  This should be used for out-of-
service testing only.

•  BRIDGE (F2) is a high-impedance mode that
protects the live signal.  You may use this mode for
in-service testing.

b.  Select the type of test (TYPE) by pressing the
corresponding F-key.

•  PSD (F1):  Measures noise in the full ADSL DMT/
CAP spectrum, 22 kHz to 1.6 MHz.

•  E (F2):  Measures noise in the spectrum for ISDN
BRI at an impedance of 135Ω for term mode.
Sunrise Telecom recommends a 100Ω to 135Ω
converter cable for the E filter measurement.

•  F (more, F1):  Measures noise in the spectrum for
HDSL at an impedance of 135Ω for term mode.
Sunrise Telecom recommends a 100Ω to 135Ω
converter cable for the F filter measurement.

•  G (more, F2):  Measures noise in the spectrum for
ADSL at an impedance of 100Ω for term mode.

6. After configuring the setup screen, press START (F3)
to begin the measurement.

7. If you do not see a strong signal upon entering, try
increasing the vertical gain.  Keep pressing the up
arrow key until the signal appears.

8. Noise appears as an upward spike or bump on the
screen.  Figure 3 shows an example of noise in the
results screen.  Figure 3’s interference radiates across
multiple frequencies.  Other interference may appear
as a sharp spike at a single frequency, like AM radio.

There are two different zoom factors for the screen
display.  ZOOM-OUT displays the full 1.6 MHz band-
width on the screen.  The resolution is 3 tones/pixel
with the highest noise value of the three tones plotted
on the screen.  ZOOM-IN displays each tone individually.
Use the ZOOM-IN/OUT (F1) key to change the scale.

9. You can determine the exact frequency of a disturber.
Press the CURSOR F-key to control the cursor on the
display.  After pressing CURSOR, use the left & right
arrow keys to move the cursor.  Check the frequency
reading at the bottom to learn the exact frequency.

The frequency reading can give you a good idea as to
the type of interfering service.  For example, if the
interference centers around 772 kHz (Nyquist
frequency for T1), chances are good that adjacent T1
services are causing the interference.

The frequency can also give an indication of AM
radio interference.  If you see an interference spike
that does not match a central frequency of a
common digital signal, simply turn on a radio and
check for AM stations.  An AM station could be
broadcasting in the same frequency range as DSL.
AM radio interference is typically caused by poor
cable bonding or poor grounding.

The bottom results also show the power level for the
noise.  You can toggle the reading between dBm and
dBm/Hz measurements by pressing the dBm and

Figure 2  Background Noise Setup screen

                              
       BACKGROUND NOISE         
          

                 

   
     
     

   
   

   PSD     E     START   more

                        08:21:36

    
       RxLEVEL: BRIDGE

       TYPE   : PSD 

          BACKGROUND NOISE 
         

                 

   
     
     

X(kHz)   :767.7  771.9  776.3   
Y(dBm/Hz):-92.3  -93.6  -95.0   
  GAIN
 ZOOM_IN  CURSOR  TABLE   more

                        12:30:55

   
      

       

Template:NONE

[1600][4   ]

-90
-95
-99
-104
-109
-113
-118

Figure 3  PSD results



4

© 2001 Sunrise Telecom Incorporated Wideband Power Spectral Density Measurements for DSL

dBm/Hz (more, F1) key.  dBm is a pure power reading
with reference to 1 milliwatt.  The dBm/Hz measure-
ment uses a reference of a certain frequency
resolution bandwidth (4.3125 kHz) for the reading.
It calculates an overall power of the interference
within that resolution bandwidth.

10. Another way to determine the type of interfering
service is to scroll through the various on-screen
template masks.  Press MASK (F2).  Then use the left
and right arrow keys to select the interferer type.
These interferer types comply to the crosstalk models
defined in ANSI T1.413 based on the number and
type of disturber.

These masks represent the common disturbers
associated with ADSL circuits.  If you see an increase
in the background noise level (Y-value), try scrolling
through the various templates, until a template
matches the signal.  This indicates the interfering
service on your circuit.  Figure 4 shows the PSD
background screen with a template.

In TERM mode, keep scrolling through the various
templates until you find one that matches your
signal.  This indicates the type of interfering service
on your circuit.

The technique differs for BRIDGE mode.  Here the
templates are transmitter masks, and give a pass/fail
indication to determine if the DSL transmitter meets
the specified allowable PSD threshold.  The pass/fail
indicator at the right refers to the position of the
cursor, and not to the overall signal.  To make sure
the overall signal passes, check that the signal and
mask do not overlap.

Masks for TERM Mode:
• 24-DSL NEXT:  24 IDSL services in the same binder

group
• 10-HDSL NEXT:  10 HDSL services in the same binder

group
• 4-T1 ADJ NEXT:  4 T1 services in an adjacent binder

group
• 24-T1 ADJ NEXT:  24 T1 services in an adjacent binder

group
• 10-ADSL DN NEXT:  10 ADSL downstream services in

the same binder group
• 10-ADSL UP NEXT:  10 ADSL upstream services in the

same binder group
• T1.601 NEXT:  ANSI T1.601 Basic Rate ISDN in the

same binder group
• 10-DSL NEXT:  10 IDSL services in the same binder

group.
• 10-ADSL NEXT: 10 ADSL services in the same binder

group
• 10-T1 ADJ NEXT:  10 T1 services in an adjacent binder

group
• INT AMI 2M:  International 2.048 Mbps AMI signal (E1)
• ETSI BRA:  ETSI Basic Rate ISDN service
• ETSI HDSL:  ETSI HDSL service
• ADSL XTALK, ANSI 7,13:  ADSL crosstalk ANSI loops 7

& 13
• ADSL XTALK CSA 4:  ADSL crosstalk, CSA loop 4
• ADSL XTALK CSA 6:  ADSL crosstalk, CSA loop 6
• ADSL XTALK CSA 7:  ADSL crosstalk, CSA loop 7
• DSL NEXT:  IDSL service in the same binder group
• HDSL NEXT:  HDSL service in the same binder group
• G.DMT EC ADSL UP NEXT:  G.DMT Echo-cancellation

ADSL upstream service in the same binder group
• G.DMT FDM ADSL UP NEXT:  G.DMT Frequency

division multiplexing ADSL upstream service in the
same binder group

• HDSL2 DN NEXT:  HDSL2 downstream service in the
binder group

• HDSL2 UP NEXT:  HDSL2 upstream service in the
same binder group

• T1 NEXT:  T1 service in the same binder group
• EC ADSL DN:  Echo-cancellation downstream ADSL
• G.DMT FDM ADSL DN NEXT:  G.DMT Frequency

division multiplexing ADSL downstream service in the
same binder group

Some Available Masks for BRIDGE Mode:
• G.DMT ATU-C
• G.DMT ATU-R
• ETR 152 CAP 1-PAIR
• ETR 152 CAP 2-PAIR
• ETR 152 2B1Q 392K
• ETR 152 2B1Q 584K
• ETR 152 2B1Q 1160K
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APPENDIX D 

 

 



Allied Telesis www.alliedtelesis.com

Allied Telesis | White Paper

DSL White Paper

Executive Summary

Most mid-level home and small office computers are capable of more than 1GHz processing
and are only seriously hampered when they log into a dial-up Internet connection. A Digital
Subscriber Line (DSL) is a type of broadband connection that takes advantage of the existing
telephone cables to enable high-speed data transmissions to and from a customer’s premises.
There are a number of different types of DSL, which have been designed to suit a range of
customer requirements.

This white paper contains the following sections:

A.What is DSL?
Provides an overview of the technology and a description of the main types of DSL in
use today.

B. Focus on ADSL

Focuses on Asymmetric DSL, providing details on how this technology works.

C. How does Allied Telesis Support DSL? 

Outlines how Allied Telesis provides DSL support for their customers.
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A.What is DSL?

Introduction
That familiar eeeeeeh … du, du, du, du du ….. screech that your dial-up modem makes when you
connect to the Internet is rapidly becoming a sound of the past, not because of the annoying
screech but because of the demand for greater bandwidth and faster Internet connections.

Most mid-level home and small office computers are capable of more than 1GHz processing
and are only seriously hampered when they log into a dial-up Internet connection.The
analogue telephone frequency range has a limited bandwidth, so if data communication
equipment is limited to only use that range, then only small amounts of information can be
sent and received over the phone line at one time. In the same way that more lanes on a
highway enable more cars to travel on it at one time, broadband telecommunication enables a
wide band of frequencies or channels to transmit information concurrently on a wire, which
means more information can be sent in a given amount of time.

There are a number of broadband access platforms, but the one with the most rapid uptake is
DSL. Other broadband platforms include ISDN, Leased Lines, terrestrial broadcast, cable and
cable modem, satellite, fibre optic, fixed wireless access (FWA), mobile wireless and powerlines.
The first quarter of 2004 saw 9.5 million new DSL lines worldwide, which is almost double the
DSL uptake for the same period in 2003, taking the total number of DSL subscribers
worldwide to more than 73 million1. In comparison, worldwide cable modem subscriptions will
only get near the current DSL figures in 2007 when 68 million subscribers are expected2.

China has the largest DSL population in the world with almost 14 million subscribers in the
first quarter of 2004, followed by Japan and the USA. In global terms, the Asia Pacific region has
29.34 percent of all DSL subscriptions, followed by the European Union with 28.18 percent,
then South and Southeast Asia with 20 percent and North America with 17.60 percent3.

Figure 1: Growth in DSL Subscribers 1991 – Q1 2004 (Source: Point Topic)
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1 DSL Forum http://www.dslforum.org/pressroom.htm?page=PressRoom/presentation_6.9.04.pdf 

2 According to In-Stat/MDR,cited in ‘DSL has record growth spurt’ by Robyn Greenspan

http://www.clickz.com/stats/markets/broadband/article.php/3381201 

3 According to the Probe Group cited in ‘DSL has record growth spurt’ by Robyn Greenspan

http://www.clickz.com/stats/markets/broadband/article.php/3381201 



DSL White Paper

Allied Telesis | White Paper 4

What is DSL?
Digital Subscriber Line (DSL) is a broadband connection that uses the existing telephone line.
DSL provides high-speed data transmissions over the twisted copper wire, the so-called “last-
mile” or “local loop”, that connects a customer’s home or office to their local telephone
company Central Offices (COs).There are a number of different types of DSL and they are
referred to collectively as xDSL.

How does DSL work?
The traditional phone service (also known as the Plain Old Telephone Service or POTS) was
created to exchange voice information using an analogue signal. Computers, however, use digital
signals to communicate, so in order for this signal to travel over the telephone network, a
modem is needed to convert the digital data to analogue and back again.

The telephone analogue frequency uses only a small proportion of the bandwidth on a line
(under 4kHz).The maximum amount of data that conventional dial-up modems can transmit
through a POTS system is about 56Kbps. Using this method to send data, the transmission
through the telephone company is a bandwidth bottleneck.

Typical telephone cabling is capable of supporting a greater range of frequencies (around
1MHz).With DSL modems, the digital signal is not limited to 4kHz of voice frequencies, as it
does not need to travel through the telephone switching system. DSL modems enable up to
1MHz of bandwidth to be used for transmitting digital (data) alongside analogue (voice) signals
on the same wire by separating the signals, thereby preventing the signals from interfering with
each other. Figure 2 shows how the analogue and digital frequencies are split.

Figure 2: Splitting the Frequencies

0-4 kHz 25 kHz 1.1 MHz

ADSL
Upstream/Downstream

Frequency

Voice

Guard Band
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DSL modems establish a connection from one end of a copper wire to the other end of that
copper wire, as shown in Figure 3. Although DSL stands for Digital Subscriber Line, DSL actually
signifies the pair of modems at each end of a line and not the line at all. So when customers
buy a DSL connection they actually buy the modems or the use of the modems at each end of
a line. In contrast, dial-up modems establish a data stream between two arbitrary points using
the entire telephone system—from the sender’s local loop, through the telephone switching
system and then to the receiver’s local loop.These dial-up modem connections can span
continents, with one end being thousands of kilometres from the other.

Figure 3: DSL Connection Setup

What are the benefits of DSL?

DSL is a more cost effective option than many other broadband connections, such as leased
lines, terrestrial broadcast, cable and cable modem, satellite and fibre optic connections, because
it is able to take advantage of the existing telephone infrastructure for both voice and data
traffic. Only the user’s modem and the telecommunications equipment needs to be upgraded
when moving to a DSL connection because it utilises the existing cable infrastructure.

DSL is always on, always fast and always reliable. DSL connections are point-to-point dedicated
circuits that are always connected, so there is no time lost dialling up.

What are the variants of DSL? 

There are numerous different DSL technologies.The range of DSL types reflects the numerous
different applications requiring different data rates. Generally speaking, the variations of DSL
technology have been implemented to meet the needs of different users, such as home users,
small to medium sized businesses, schools and colleges. See table 1 on page 9 for a comparison
of the data rates and their applications.
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The DSL variants can be broadly divided into the three following groups:

Symmetric DSL

Symmetric DSL transmits data at the same rate upstream and downstream. It includes the 
following DSL types:-

• High data rate Digital Subscriber Line (HDSL)

• Symmetric Digital Subscriber Line (SDSL) 

• Symmetric High bit rate Digital Subscriber Line (SHDSL)

Asymmetric DSL

Asymmetric DSL transmits data at a faster rate downstream than upstream. It includes the
following DSL types:

• Asymmetric Digital Subscriber Line (ADSL)

• Asymmetric Digital Subscriber Line Lite (ADSL lite)

• Asymmetric Digital Subscriber Line 2 (ADSL 2)

• Asymmetric Digital Subscriber Line 2+ (ADSL 2+)

• Asymmetric Digital Subscriber Line 2++ (ADSL 2++ or ADSL4)

Symmetric and Asymmetric DSL

Symmetric and Asymmetric DSL can transmit data both symmetrically and asymmetrically. It
includes the following DSL type:

• Very high bit rate Digital Subscriber Line (VDSL)

Symmetrical DSL
High data rate Digital Subscriber Line (HDSL)

HDSL is the earliest version of symmetric DSL that was created as an alternative to T1 and E1
services.T1 is the most commonly used digital line used in the United States, Canada and Japan,
and transmits data at speeds up to 1.544Mbps. E1 is the European equivalent and transmits data
at speeds up to 2.048Mbps. HDSL is a better way of transmitting T1 or E1 over twisted pair
copper lines. HDSL splits a 1.544Mbps signal into two twisted wire pairs which run at 784Kbps,
allowing the service to run on longer loops without repeaters, for example, 3.7km (12,000ft.) on
.5mm (24 gauge) wire. HDSL uses more advanced modulation techniques than T1 and E1. HDSL
does not allow standard telephone service over the same line.

Single line Digital Subscriber Line (SDSL) 

SDSL is a single line version of HDSL, supporting POTS and SDSL simultaneously with equal
data rates (up to 2.3Mbps) for the upstream and downstream channels. SDSL is ideally suited
to individual subscriber premises which are often only equipped with a single telephone line.
SDSL has a maximum reach of approximately 3km (10,000ft).

Symmetric High bit rate Digital Subscriber Line (SHDSL)

SHDSL, also known as G.SHDSL, is the first standardised multi-rate DSL, providing transmission
speeds of up to 2.3Mbps across a single pair and up to 4.6Mbps over two pairs. SHDSL has a
better loop reach than older versions of DSL and has less cross talk interference. SHDSL is able to
utilise the existing copper base to achieve increased data rates, longer reach and less noise. SHDSL
is better suited to business applications requiring higher-speed bandwidth in both directions.
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Asymmetric DSL
Asymmetric Digital Subscriber Line (ADSL)

ADSL is the transmission of integrated voice and data services with higher data rates
downstream (to the user) than upstream. ADSL can reach speeds of up to 10Mbps
downstream and 1Mbps upstream. ADSL enables customers to use both their normal
telephone service and high-speed digital transmissions on an existing telephone line.

ADSL is ideally suited to home and small office users who require fast download rates for
video on demand, home shopping, Internet access, remote LAN access, multimedia access and
other specialised PC services.

G.lite or Asymmetric Digital Subscriber Line Lite (ADSL lite)

G.lite, also known as ADSL lite, splitterless ADSL and Universal ADSL, was specifically
developed for the plug-and-play market. G.lite is essentially a slower ADSL that does not
require signals to be split at the user’s end, only at the telephone company. A medium
bandwidth version of ADSL delivers up to 1.5Mbps downstream and 384Kbps upstream.

Asymmetric Digital Subscriber Line 2 (ADSL2)

ADSL2 has improved performance and interoperability over ADSL. ADSL2 provides support
for new applications, services and deployment scenarios, and can achieve higher data rates of
approximately 12Mbps downstream, depending on loop length and other factors.

ADSL2 increases the reach of ADSL by about 0.2km (600ft.). ADSL2 also provides greater
noise immunity, better diagnostics, lower cross talk, and allows bonding - the ability to use
multiple copper pairs to increase the bandwidth or size of the pipes. For example, with four
bonded pairs it is possible to obtain 40Mbps, which is particularly useful for broadcast video.

Asymmetric Digital Subscriber Line 2+ (ADSL2+)

ADSL2+ further enhances ADSL2 by increasing the downstream rate to 20Mbps on phone
lines as long as 1.5km (5,000ft.).The ADSL2+ standard doubles the maximum frequency used
for downstream data transmission from 1.1MHz to 2.2MHz. ADSL2+ solutions most
commonly interoperate with ADSL, ADSL2 and ADSL2+ chipsets.

Asymmetric Digital Subscriber Line 2++ (ADSL2++ or ADSL4)

The current proposal for ADSL2++ (also known as ADSL4) increases the downstream data
rate to 52Mbps by extending the maximum frequency used for downstream data transmission
to 3.75MHz.
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Both Symmetric and Asymetric DSL
Very high bit rate Digital Subscriber Line (VDSL)

VDSL provides the highest data rates of the DSL technologies, supporting asymmetric
transmission speeds of up to 52Mbps over short distances.VDSL can also be configured for
symmetric transmissions to provide 10Mbps full duplex Ethernet services for distances up to
1.3km (4,260ft.).

VDSL is a robust, economical and flexible broadband access technology, incorporating high bit
rate capabilities, low cost multiple megabit data services, efficient use of POTS infrastructure
and compatibility with Ethernet.VDSL is particularly useful for supplying high bandwidth
services for large buildings such as hotels, office towers and apartments without the need for
new infrastructure.VDSL is also ideal for university campuses or business parks, where there is
a short distance to a neighbourhood cabinet that is linked by fibre optic to the exchange.VDSL
is able to handle a number of high bandwidth applications, such as VPNs, file
downloading/uploading, video on demand, high definition television, broadcast television, tele-
medicine, tele-conferencing, and surveillance systems.
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Comparison of DSL Types

DSL Type Maximum
Downstream
Data Rate

Maximum
Upstream
Data Rate

Maximum
Wire Length
(Approx.)

Customer Applications

Symmetric

HDSL
High data rate
Digital Subscriber
Line

1.544Mbps (T1) 
2.048 Mbps (E1)

1.544Mbps (T1)
2.048Mbps (E1)

3.7km (12,000ft.)
with two lines for
T1 and three
lines for E1

HDSL is for data only. It does
not allow telephone connection
over the same line.

SDSL
Symmetric Digital
Subscriber Line

2.3Mbps 2.3Mbps 3km
(10,000ft.)

Individual subscriber premises
with a single telephone line

SHDSL
Symmetric High bit
rate Digital
Subscriber Line

2.3Mbps 
(Single wire pair)

2.3Mbps 
(Single wire pair)

3km
(9,800ft.) 
at 2.3Mbps

Business applications requiring
greater bandwidth in both
directions.

4.6Mbps 
(Two wire pairs)

4.6Mbps 
(Two wire pairs)

5km 
(16,400ft.) 
at 2.3Mbps

Asymmetric

ADSL
Asymmetric Digital
Subscriber Line

Up to 10Mbps Up to 1Mbps 5.5km
(18,000ft.)

Home and small office users who
require faster download rates for
video on demand, home
shopping, Internet access, remote
LAN access, multimedia access
and other specialised PC
services.

ADSL lite
Asymmetric Digital
Subscriber Line Lite

Up to 1.5Mbps Up to 384kbps 5.5km
(18,000ft.)

Residential and small office
users wanting a simple plug-
and-play setup.

ADSL 2
Asymmetric Digital
Subscriber Line Two

12Mbps 1Mbps 5.5km
(18,000ft.)

ADSL2 addresses the growing
demand for more bandwidth
to support services such as
video.

ADSL 2+
Asymmetric Digital
Subscriber Line Two
Plus

20Mbps downstream
on short distances

1Mbps 5.5km
(18,000ft.)

ADSL2+ enables even greater
downstream data rates for
subscribers who are relatively
near the telephone exchange.

ADSL 2++
Asymmetric Digital
Subscriber Line Two
Plus Plus (or
ADSL4)

52Mbps downstream
on short distances

ADSL2++ proposes to further
increase downstream data rates
for customers who are
relatively near the telephone
exchange.

Symmetric and Asymmetric

VDSL
Very high bit rate
Digital Subscriber
Line

Symmetric - 10Mbps

Asymmetric - up to
52Mbps over short
distances

10Mbps

1.5Mbps

1.3km
(4,200ft.)

0.3km
(1,000ft.)

Campus environments, such as
universities or business parks,
where there is a short distance
to a neighbourhood cabinet that
is linked by fibre optic to the
exchange.VDSL handles a
number of high bandwidth
applications, such as VPNs, file
downloading/ uploading, video
on demand, high definition
television, broadcast television,
tele-medicine, tele-conferencing,
and surveillance systems.
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B. Focus on ADSL

Introduction

Asymmetric Digital Subscriber Line (ADSL), an important variant of the DSL family, has
become very popular.With ADSL, most of the data bandwidth is devoted to sending data
downstream towards the user and a smaller proportion of the bandwidth is available for
sending data upstream towards the service provider.This scenario suits Internet browsing
applications, which typically involve much more downstream than upstream dataflow.

How is an ADSL network setup?

When digital data is sent from a customer’s premises, it travels from their computer through a
DSL modem and a splitter.When analogue voice signals are sent from a customer’s telephone
they are also sent through the splitter, which combines the analogue voice and digital data
signals, enabling them to be sent over the same line.

At the other end of the line, the local loop goes into a splitter at the local phone company’s
COs, which splits the digital data frequencies from the analogue voice frequencies.The voice
frequencies are sent to the local telephone exchange and the digital data is sent to a Digital
Subscriber Line Access Multiplexor (DSLAM) before being sent on to the Internet Service
Provider (ISP).The digital data never enters the standard telephone switching system.

Voice and data frequencies going in the opposite direction—to the customer’s premises—
follow the reverse route from the ISP through a DSLAM, then a splitter at the CO, and are
then sent over the copper wires to the customer’s site before being split again.

The DSLAM is the equipment that really allows DSL to happen.The DSLAM handles the high-
speed digital data stream coming from numerous customers and aggregates it onto a single
high-capacity connection (ATM or Gigabit Ethernet line) to the Internet Service Provider and
vice versa. DSLAMs are generally flexible and can support a number of different DSL
connections as well as different protocol and modulation technologies in the same type of
DSL. Figure 4 shows how an ADSL network is setup.

IP and ATM DSLAMs

There are two main types of DSLAM—IP DSLAM and ATM DSLAM.When ADSL services first
began, ATM was the main high-speed data backbone transport used in Telecommunications
networks. So DSLAMs with an ATM uplink port (ATM DSLAMs) were developed to enable
the ADSL link to connect quite seamlessly into the whole ATM network.The 'last mile' ATM
link over the ADSL line was then just an extended finger of a telecommunications
company’s ATM network.

Recently, Ethernet has taken quite a step up in bandwidth capabilities (from up to one
Gigabit, to 10 Gigabit) and is becoming a cheaper and more popular choice for the
transport protocol in Metro Area Networks. In installations where subscribers are using DSL
to access a Metro Area Network, it makes sense for the DSLAMs to have Ethernet uplink
ports. DSLAMs with Ethernet uplink ports are known as IP DSLAMS.The market is rapidly
moving towards IP DSLAMs because they are cheaper to implement, scale better and are
easier to manage than ATM DSLAMs.
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Figure 4:ADSL Network Setup

How does DSL get more bandwidth from the same old copper wires?

The DSL transmission technology exploits the fact that all telephone signals are below 4kHz in
frequency and makes use of the rest of the 1MHz that a typical copper pair line can support.
ADSL modems use specialised modulation technology to divide the available bandwidth on a
copper pair line and create multiple channels for sending and receiving signals.

Modulation technologies

Modulation is the overlaying of information (or the signal) onto an electronic or optical carrier
waveform.There are two competing and incompatible standards for modulating the ADSL signal,
known as Discrete Multi-Tone (DMT) and Carrierless Amplitude Phase (CAP). CAP was the
original technology used for DSL deployments, but the most widely used method now is DMT.

Carrierless Amplitude Phase (CAP)

Carrierless Amplitude Phase (CAP) is an encoding method that divides the signals into two
distinct bands:

• The upstream data channel (to the service provider), which is carried in the band between
25 and 160kHz.

• The downstream data channel (to the user), which is carried in the band that starts at
200kHz and continues to a variable end point, depending on a number of factors, such as line
length and line noise, but the maximum is about 1.1MHz.

Splitter
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These channels are widely separated in order to minimise the possibility of interference
between the channels.

Figure 5: Carrierless Amplitude Phase (CAP)

Discrete Multi-tone (DMT)

Discrete Multi-Tone (DMT), the most widely used modulation method, separates the DSL
signal so that the usable frequency range is separated into 256 channels of 4.3125kHz each.
DMT has 224 downstream frequency bins (or carriers) and 32 upstream frequency bins. Up to
15 bits per signal can be encoded on each frequency bin on a good quality line.

Figure 6: Discrete Multi-Tone (DMT)

Each of the 256 channels is monitored separately to ensure the data travelling along it is not
impaired. DMT constantly shifts signals between different channels to ensure that the best
channels are used for transmission and reception. DMT can take advantage of all usable tones in
the spectrum and works around areas where interference is present. Some of the lower channels
can be used as bi-directional channels for both upstream and downstream information.

DMT is more complex than CAP because it monitors and sorts out the information on the bi-
directional channels and maintains the quality on all of the 256 channels. DMT also provides
more flexibility on lines of differing quality than CAP.

Voice Upstream Downstream

0-4 kHz
25-160 kHz

200 kHz - 1.1 MHz

Voice Upstream Downstream

0-4 kHz
25-160 kHz

200 kHz - 1.1 MHz

Rate adaptive DSL

The ADSL implementations in use today are sometimes referred to as rate adaptive DSL
because the data transmission rate can be adapted to the line conditions. Rate adaptive DSL
provides higher capacities for subscribers who are closer to the local telephone exchange and
lower rates for subscribers who are further away.Although CAP is rate adaptive, DMT has
significantly higher rate adaptability.
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The DMT frequency bands can be used in two different ways, which are referred to as
Frequency Division Multiplexing (FDM) and Echo Cancellation.

Frequency Division Multiplexing (FDM)

With FDM, the low-speed upstream channel is quite separate from the high-speed
downstream channel. In order to prevent interference between the frequency bands, a
space, known as the guardband, is required between the upstream and downstream
frequencies. Most ADSL modems today use FDM.

Figure 7: Frequency Division Multiplexing

Echo Cancellation

With Echo Cancellation the downstream channel overlaps the upstream channel, so
simultaneous upstream and downstream signals are sent on the lower frequencies.An echo
on the upstream signal can cause corruption on the downstream signal. Echo cancellation is
used to obtain a clear signal in the event that both streams send data simultaneously.

Figure 8: Echo Cancellation
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Asynchonronous Transfer Mode (ATM)
The ADSL standards mentioned above define the data modulation and byte framing used for
transmission on the copper pair. However, they do not define any mechanism for dividing bytes
into packets so they can navigate through a network. A higher layer protocol is needed for this.
The universal choice of Layer-2 protocol for use on ADSL lines is Asynchronous Transfer Mode
(ATM). ATM allows multiple diverse services with different service requirements to be carried
over a single network efficiently and effectively. It has been developed specifically for this purpose.

ATM transfers data in small packets, known as cells, of a fixed size of 53 bytes.The 53 bytes in
each ATM cell are made up of 48 bytes of payload and a 5-byte header.The header contains
channel and path information to direct the cell to its destination, while the other 48 byes
contain the data.The ATM cell is small compared to the size other technologies use.This allows
ATM equipment to transmit video, audio, and computer data over the same network, and
assure that data streams can be efficiently interleaved with each other. Networks can effectively
re-use quiet periods in one application to service a busy period in another.This treatment of
the traffic load is known as statistical multiplexing and is one of the key advantages of ATM.

Virtual Circuits and Virtual Paths

ATM is a connection-oriented protocol, which means that packets are sent through a network
directly from their originating device to a destination device on a pre-established connection.
This connection is known as a virtual circuit and all the switches along the end-to-end path
know about each circuit and where to send the packets next. ATM also uses virtual paths,
which are a convenient aggregation of multiple virtual circuits all going in the same direction. In
the core of the network, packets can be forwarded on the basis of their path identifier, thereby
enabling a quicker destination lookup.

Because ATM is a connection-oriented protocol, the demands on the network can be easily
monitored for expected volumes and destinations. ATM also prevents applications from using
the network when additional traffic will adversely affect the performance of the existing
applications. Because the connections are pre-established, packets only need to be labelled with
the locally significant identification, reducing the size of the header information in each packet.

Traffic Classes

ATM networks recognise a small number of types of service or traffic classes that are designed
to meet a variety of application requirements.Within each type of service there are a range of
parameters that can be specified to further define the service.When a connection request is
made, the ATM network either agrees to provide a sufficiently high quality connection to meet
the needs of the application, or rejects the request. If the application exceeds the parameters it
agreed to on connection, the network may provide a degraded service.

The three most commonly implemented types of ATM service are:

Constant Bit Rate (CBR), which specifies a fixed bandwidth with minimum latency and
jitter so that data is sent in a steady stream. CBR is analogous to a leased line and is
suitable for high-quality voice calls and near real time applications where the bandwidth
requirements are fixed and known.

Variable Bit Rate (VBR), which provides an average bandwidth, but allows the data to
be sent in bursts at higher rates up to a maximum size.VBR is suited to voice and
video conferencing applications, which require reduced latency and jitter.

Unspecified Bit Rate (UBR), which does not guarantee any throughput level. UBR is a
best effort service and is used for applications that can tolerate delays, such as file
transfers. Most xDSL services use UBR.
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ATM adaption layer

The ATM Adaptation Layer (AAL) converts information from the upper layers into ATM cells.
The data packets that are sent over the physical medium in a network are IP packets
(encapsulated in Point-to-Point-Protocol or Ethernet) that are variable in size, while ATM cells
are a fixed 53-bytes in size, including their header information.To transport IP packets in ATM
cells, the packets need to be broken into pieces and reassembled at their destination. Often the
length of the IP packets is not an exact multiple of 48 (the payload size of ATM cells), so some
buffering is usually required.There have been a few different standards for breaking up and
buffering IP packets, but the standard that is used for ATM over ADSL services is AAL5.

AAL5 Encapsulation Methods

RFC 1483 specifies the values to put into the AAL5 header and footer, which vary depending
on the protocol that is being transported. RFC 1483 describes two encapsulation methods for
carrying different types of network traffic over ATM AAL5— Virtual Channel Multiplexing
(VCMux) and LLC/SNAP.These methods have been universally accepted as the methods of
encapsulating packets for transportation on an ATM network.

VCMux enables you to create multiple VCs on your ADSL link and send a different protocol
down each VC.This way the receiver knows that all the packets arriving on a particular VC
belong to a particular protocol.

LLC/SNAP enables different protocols to be sent along one VC.With LLC/SNAP, extra headers
are added to the data packets before they are passed into the AAL5 process and broken into
ATM cells.The headers include a field that specifies the protocol type of the enclosed data
packet.There are two types of LLC/SNAP headers: RFC 1483 Routed and RFC 1483 Bridged.

What happens in the upper layers

There has been no universal agreement reached over the sort of packet on which to perform
RFC 1483 encapsulation, so there are now a number of different choices of protocol stack to
have above the RFC 1483 Layer.

The most common protocol stack is Point-to-Point Protocol over Ethernet and ATM
(PPPoEoA). Figure 9 demonstrates how PPPoEoA enables IP packets to travel over both an
Ethernet and an ATM connection.

Figure 9: Point-to-Point Protocol over Ethernet over ATM (PPPoEoA)
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When travelling from the LAN to an ADSL connection, IP packets encapsulated in Ethernet
frames pass through an ADSL router, which attaches a PPP header to the frames.The frames
then undergo AAL5 encapsulation to create smaller ATM cells, which are sent over the ADSL
connection to a DSLAM at the local phone company office.

The DSLAM in this instance is connected to an Ethernet network, so the ATM cells go through
the reverse process described above to reveal the Ethernet frames, which are sent on to the
ISP. At the ISP, the Ethernet frames are removed to reveal the IP data, which is then framed
according to the network it will continue to travel on.

Other protocol stacks include:

IPoA, which was designed to make IP subnets map directly onto ATM networks in the
same way that IP subnets map onto VLANs. So, an ATM address resolution protocol was
introduced to enable the IP stack to obtain an “ATM address” for another IP host
connected to its local ATM subnet (RFC 2225).The structure required for this kind of
network is quite complex, mostly because trying to make a channel oriented
transportation method like ATM appear like a broadcast domain is not a very natural fit.

RFC 1483 Bridged, which is where the whole Ethernet packet that arrives at the ADSL
router is encapsulated into AAL5, using the ‘bridged-data’ format defined in RFC 1483, and
sent on the ADSL line.The packets are forwarded based on their MAC address, so they
are bridged.

RFC 1483 Routed, which uses the same ‘bridged-data’ format as RFC 1483 Bridged to
encapsulate Ethernet packets into AAL5. However, the packets are forwarded based on
their IP address, so they are routed.

Dying Gasp When a modem is about to die, because it has lost power,
dying gasp enables it to send a message to the DSLAM letting
it know that it is about to go offline.The modem is able to do
this by using a large capacitor to retain enough power to send
the message before dying completely.This dying gasp message
saves Service Providers time by alerting them to what has
caused the connection failure.

What is the
difference
between Annex
A and Annex B
ADSL?

Annex A ADSL defines how ADSL can share a line with a
POTS service.

Annex B ADSL defines how ADSL can share a line with an
Integrated Services Digital Network (ISDN) service.
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What are the main factors affecting the performance of DSL?

There are a number of factors that can affect DSL performance.The most common factors are
attenuation, bridge taps, load coils and cross talk. Other factors affecting performance include
return loss, longitudinal balance, noise, split pairs, gauge changes, and interruptions. Environmental
factors can also have adverse affects on the transmission lines used for telecommunications.

Attenuation

With all DSL technologies there is a trade off between the data rate and cable distance, so as
the distance between the customer’s premises and Telephone Company’s local office increases
the data rate drops. On network cables, the degradation of the digital signal or a loss of
amplitude of an electric signal during transmission is known as attenuation. As the line length
increases, the downstream frequencies suffer from attenuation, which also increases with higher
temperatures. (See Figure 10).

Figure 10:Attenuation on DMT Spectrum

Bridge Taps

A bridge tap is an extra length of wire with an unterminated cable end, which is connected to
the local loop. Bridge taps are usually left over when a new subscriber is connected to existing
pair of copper wires, and the original subscriber at the end of another pair is disconnected,
leaving an open lead at that end of the wire.When the DSL signal is sent across the wire, it
reflects through the bridge tap cable pair towards the open lead and then bounces back along
the wire.This signal is then mixed with the original signal and can confuse the modem.
However, most modems will only listen to the stronger original signal and ignore the weaker,
reflected signal. Most cable pairs in the world have bridge taps that should be removed before
installing a DSL connection in order to ensure a clear signal.

Figure 11: Bridge Tap
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Load Coils 

A load coil is a device placed on a local loop that is longer than 18,000ft., to boost the
frequencies that carry analogue voice signals. Load coils are placed at 3000ft. intervals from
either end, and at 6000ft. intervals along the wire. Load coils are usually installed to
compensate for signal loss caused by bridge taps, but they cause distortion at those higher
frequencies that carry digital information. All load coils need to be removed from the wires
before any digital transmissions, such as E1/T1, ISDN, or ADSL, can be used on the local loop.

Figure 12: Load Coils 
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Crosstalk 

Crosstalk is a disturbance in a circuit that is caused by the electric or magnetic fields of another
telecommunication signal.This disturbance can cause a severe degradation in transmission.The
two main types of crosstalk are Near End Crosstalk (NEXT) and Far End Crosstalk (FEXT).
NEXT occurs when a strong local transmitter interferes with another collocated receiver and is
the most problematic. FEXT is when there is interference at the receiving end.

Other DSL lines in the same bundle of wires may cause crosstalk with each other, depending
on their frequency ranges. For example, if a T1 line is running in the same bundle with a DSL
line, some of the frequencies may not be useable.The AM radio frequency, which goes up from
around 600kHz, may also interfere with DSL lines.

Return Loss Return loss is a measure of the ratio of signal transmitted
into a system to the amount of the signal that is reflected
back to the source. Return loss is caused by an incorrectly
terminated line and can reveal line faults that are caused by
mismatching.

Longitudinal Balance It is important for xDSL services that the resistance to the
flow of a current in a circuit (or impedance) to earth, for
each conductor, is as equal as possible.This balance is known
as longitudinal balance.When the line is balanced, there is
no difference between the signals on the two conductors.

Noise The total power in a transmission line is made up of the
signal and noise. Noise is always present but it should always
be kept as low as possible in relationship to the signal.
Factors that introduce noise are: radio and television
transmitters, power distribution systems, electrical machinery
and mechanical vibration.

Impulse Noise Brief, but large spikes of electrical interference (typically
caused by power switching equipment). DMT modulation
(which has a relatively long cycle time) is quite tolerant of
this sort of disturbance.

Split Pairs Split pairs occur when one conductor in a pair becomes
separated from the other conductor. Split pairs result in noise,
crosstalk and radiation, and seriously degrade xDSL services.

Gauge Changes While conductors with different gauges are suitable for xDSL
connections, mixing the gauges in cable runs can cause
impairments that affect the line’s ability to carry xDSL services.
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C. How Does Allied Telesis Support DSL?

Allied Telesis has a range of products that support a range of DSL connections to suit the
needs of different customers.

Customer equipment

Medium to Large Business Routers

Allied Telesis provides SHDSL support for the medium to large business market with the
AR442S.This router includes the following features:

- 2 pair SHDSL with bonding
- 5 LAN ports
- 1 PIC slot
- 1 Asynchronous port
- Tagged VLANs
- Fully featured routing support, including RIP, OSFP, BGP
- IPv6 support
- IPsec VPN
- Multi-layered QoS
- Stateful Inspection Firewall

The iMG634A supports ADSL over POTS lines (Annex A) and the iMG634B supports ADSL
over Integrated Services Digital Network (ISDN) lines (Annex B).These routers include the
following features:

- ADSL2+
- 2 VoIP ports
- 4 LAN ports
- Network Address Translation (NAT)
- RIP and static routing 
- Stateful Inspection Firewall
- Rate Limiting
- Tagged VLANs

Small Office and Branch Office Routers

Allied Telesis provides ADSL support for the small office and branch office market with the
AR440S for ADSL over POTS lines (Annex A) and the AR441S for ADSL over Integrated
Services Digital Network (ISDN) lines (Annex B).These routers include the following features:

- 1 ADSL port, with dying gasp
- 5 LAN ports
- 1 PIC slot
- 1 Asynchronous port
- Tagged VLANs
- Fully featured routing support, including RIP, OSFP, BGP
- IPv6 support



DSL White Paper

Allied Telesis | White Paper 21

- IPsec VPN
- Multi-layered QoS
- Stateful Inspection Firewall

Small Business and Small Office Home Office (SOHO) Routers

Allied Telesis provides ADSL2+ support for small businesses and the small office/home office
market with the AR236E router4.The AR236E router includes the following features:

- ADSL2+
- 1 LAN port
- 1 USB port
- Network Address Translation (NAT)
- Stateful Inspection Firewall
- DHCP

Service provider equipment
integrated Multiservice Access Platforms (iMAPs) (formerly known as DSLAMs)

Allied Telesis' 7000 and 9000 Series Integrated Multiservice Access Platforms (iMAPs) enable
service providers to deliver carrier-class services to enterprises of any size.This family of iMAPs
enable service providers to offer advanced simultaneous triple play services, such as high-quality
voice, tiered IP/Ethernet data services, and broadcast quality IP video.

The Allied Telesis 7000 Series iMAPs enable service providers to offer advanced ADSL services.
The 9000 Series iMAPs support a range of ADSL and Ethernet service modules to support
customers' needs. For example, the Allied Telesis 9000 Series iMAPs support a variety of
service modules, including:

- 24 x ADSL ports (with splitters)
- 16 x ADSL ports (without splitters)
- 10 x 10/100 Ethernet ports 
- FX10SF – single mode fibre connection up to 10km

4 The AR236E is currently only available in the Asia Pacific region
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ADSL Technology and DMT

 

This tutorial is aimed at those that wish to know more about the technology behind ADSL and how it is
possible to transmit digital data over the telephone line between our home and the exchange.
Unlike cable broadband which uses specially laid optical fibre to the premises and forms part of a
larger network, ADSL utilises existing telephone cable to bring broadband to the home.

How does adsl work  on the line.
What is modulation?
What is DMT?
How does DMT work?
What frequencies are used?
Tones which aren't in use.
VDSL2 tones in use.
What are Tones, carriers, buckets, bins?
Initialisation and Synchronisation
Bit Loading
Bit Allocation
Bit Allocation Table
What is Bit Swapping?
What is Bit Error Rate (BER)?
Bit Allocation and Power Cut Back
Bit Allocation and Low SNR
Bit Allocation and Long Lines 
What is Seamless Rate Adaption (SRA)?

   

 ~ How does adsl work  'on the line'.

Telephone lines can be used to convey analogue signals and the copper pair has the ability to carry a
range of frequencies. ADSL makes use of the fact that voice signals for telephone devices are all under
4kHz, and utilises the previously unused higher frequencies to transmit data.

An adsl splitter is used in the home to separate the telephony and adsl signals and to help
ensure that telephony devices don't use any of the frequencies used by ADSL.

ADSL1 and ADSL2 utilise frequencies up to 1.1 MHz
ADSL 2+ utilises frequencies up to 2.2 MHz

 

ADSL uses a technology called Frequency Division Multiplexing (FDM) which means it
combines multiple frequency signals onto a single carrier wave over a shared medium
such as cable, wire or fibre.

Several years ago it was not unusual to hear BT engineers refer to DSLAMs at the
exchange as a "Mux" or Multiplexor  DSLAM stands for Digital Subscriber Line Access
Multiplexer.

 

  
 
 

~ What is Modulation?

Because our computers use digital data a MODEM (MOdulatorDEModulator) is needed to
code and decode between digital and analogue signals. The method of converting digital
data into analogue signals which can be carried over the copper wire is known as
Modulation. 

 

Our modem/routers and the DSLAM at the exchange are the hardware equipment that perform
modulation. 

There are different methods of modulation, but the common standard used for ADSL is called DMT.
Variations on the basic DMT modulation may be used depending upon the adsl type, but the basic
theory remains the same.

  ► Broadband ADSL   ► ADSL DSLAM   ► ADSL ADSL2 VDSL   ► ADSL Modem Router
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Type Standard Modulation Tech Notes

       

ADSL1 G.992.1 g.DMT DMT standard for adsl1

ADSL2 G.992.3 g.DMT.bis
Improved modulation method with flexible framing and optimised use of RS
coding gain within the frame structure. Enhanced channel overhead
configuration.

ADSL2+ G.992.5 g.DMT.bis+ Doubling channels available for use.

  

 ~ What is DMT?

DMT (Discrete Multi Tone) is a method of converting digital data into tones or frequencies that can be
carried over telephone wire. Called 'Multitone' because it splits the available frequencies into a defined
number of smaller subchannels or tones and 'Discrete' from the mathematical term meaning distinct
or separate.

ADSL1 has 256 subchannels
ADSL2 has 256 subchannels
ADSL 2+ has 512 subchannels

DMT deploys many ''virtual modems" which are responsible for the control of each subchannel. These
virtual modems all work in tandem to carry the data bitstream.

DMT is a modulation method for Frequency Division Multiplexing (FDM) which is when multiple signals
are combined and carried over the same medium.

  

 ~ How does DMT work?

DMT makes use of the available frequencies that can be transmitted on the telephone line and splits
them into 256/512 equal sized frequency bins of 4.3125 kHz each.

Subchannels (or carrier bins) are where data bits are transmitted to and from our modem. Each sub
channel within a specific frequency range will be responsible for either upstream or downstream data.

Each carrier bin of 4.3125 kHz is the tone that you may see recorded on some router stats or in
DMTtool.
You may also see subchannels referred to as carriers, bins or buckets because this is what
carries the data bits within each frequency range. 
The full frequency range is split  regardless if you can make use of those frequencies or not.

Not all channels are actually usable for the transmission of data. Some tones are not used such as the
pilot tone, whilst some tones are reserved for voice or to prevent overlap of the different signal types.

Some tones, particularly the higher frequency ones may not be not be in use on longer lines due
to the signal strength at that frequency being too weak.

It may help you visualise how DMT works if you imagine this scenario:

Imagine an old 56k modem that worked on the voice band frequency of 04kHz.
Now imagine lots of 'virtual' 56k modems each working on their own frequency each giving you 56kbps. As well
as splitting the available frequencies, DMT is responsible for 'binding' all these 'virtual modems' together. 
ADSL(1&2) has a maximum available 223 downstream subchannels. 223 x 56kbps = 12Mbps.
ADSL2+ doubles the amount of available frequencies (subchannels) and we get 24Mbps.

DMT is the technology which divides the whole bandwidth on the telephone line into lots of sub
channels and then controlling these 'virtual modems' as one together in order to get higher speeds.

  

 ~ What frequencies are used?

Below is a chart showing the available frequencies and corresponding frequency tones for various adsl
standards.
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ADSL
Type

ADSL
Standard

Speed
Up to

Maximum
Frequency

Upstream
Start

Upstream
Tones

Downstream
Start

Downstream
Tones

Total
BINs

                 
ADSL 1 G.992.1 8 Mbps 1.1 MHz 25 kHz 631 142.3 kHz 33255 256
ADSL 2 G.992.3 12 Mbps 1.1 MHz 25 kHz 631 142.3 kHz 33255 256
ADSL 2+ G.992.5 24 Mbps 2.2 MHz 25 kHz 631 142.3 kHz 33511 512
Annex M (incr upstream) 24 Mbps 2.2 MHz 25 kHz 656 258 khz 60511 512

The calculator on the right will help convert tones into the
frequency that it is centered at.

Note:
Care should be taken when looking at the Tone + Frequency BIN numbers
from your router. Tone numbering starts at Tone 0, (which is not actually
used for the transmission of data). Therefore the 1st bin = Tone 0. The
2nd bin is Tone 1 and centered at 4.3125 kHz etc..

  

 

ADSL Frequency Bins & Tones
           
  Tone   Bin   Frequency
  347   348th   1496.4375 kHz
           

ADSL2+ Downstream

 
Convert   

 ~ Tones which aren't in use.

Certain sub carrier channels are not used. Some of these are laid down in the g.DMT standard, whilst
some others may depend upon the DSLAM/MSAN manufacturer and vary slightly.
Common tones not in use are:

DC (First Tone). Tone 0.
Guard Band (Tones 1 to 5 < 25.875 kHz). Tone 1 POTs. Tones 25 prevents cross talk between POTs + adsl.
Guard Band (Tone 32  138kHz). Prevents cross talk between upstream and downstream data.
Nyquist frequency (Final frequency tone)
Upstream Pilot Tone. (Tone 16  69kHz)
Downstream Pilot Tone. (Tone 64  276kHz).
Adaptive Pilot Tone. (Some adsl2+ systems select best channel conditions for pilot. Often tone 105, 110 etc)
Annex_M Stop Band. (Tone 59  254kHz). ADSL2+ Annex_M only.
DSLAM Specific Tones (eg Tones 476  499 2053kHz2156kHz on Be*/02 MSANs only).

Your router will also mark any subchannels where the SNR is too low to carry data as unusable.

  

 ~ VDSL2 Tones in use.

The following tones are in use for VDSL2 FTTC in the UK.  The ECI and Huawei cabs have slightly
different band plans:

VDSL2 Band Plans in the UK
Upstream Downstream

Band U0 U1 U2 D1 D2 D3
Tones From To From To From To From To From To From To
Cabinet                        
Huawei 7 32 871 1205 1972 2782 33 859 1216 1961 2793 3970
(BDCM)                        
ECI 6 31 882 1193 1984 2770 33 857 1218 1959 2795 4083
(IFTN)                        

  

 ~ Tones, carriers, buckets, frequency bins

Generally all of the above terms may be used interchangeably, but to recap and clarify a bit further:

The whole available frequency band is split into a
distinct number of subchannels.
With adsl over POTs, the subchannels form 3
distinct separate channels:
  ~ Voice
  ~ Upstream
  ~ Downstream

 

Sub channels may also be referred to as carriers, bins or buckets  so called because they are
used to carry data bits.
Each subchannel has the same amount of bandwidth (4.3125 kHz) but transmits on different
frequencies.
The tone relates to the frequency on which the signal is transmitted.
Each tone is centered on a specific frequency at which it transmits.
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ADSL
Type

ADSL
Standard

Speed
Up to

Maximum
Frequency

Upstream
Start

Upstream
Tones

Downstream
Start

Downstream
Tones

Total
BINs

                 
ADSL 1 G.992.1 8 Mbps 1.1 MHz 25 kHz 631 142.3 kHz 33255 256
ADSL 2 G.992.3 12 Mbps 1.1 MHz 25 kHz 631 142.3 kHz 33255 256
ADSL 2+ G.992.5 24 Mbps 2.2 MHz 25 kHz 631 142.3 kHz 33511 512
Annex M (incr upstream) 24 Mbps 2.2 MHz 25 kHz 656 258 khz 60511 512

The calculator on the right will help convert tones into the
frequency that it is centered at.

Note:
Care should be taken when looking at the Tone + Frequency BIN numbers
from your router. Tone numbering starts at Tone 0, (which is not actually
used for the transmission of data). Therefore the 1st bin = Tone 0. The
2nd bin is Tone 1 and centered at 4.3125 kHz etc..

  

 

ADSL Frequency Bins & Tones
           
  Tone   Bin   Frequency
  348   349th   1500.75  kHz
           

ADSL2+ Downstream

 
Convert   

 ~ Tones which aren't in use.

Certain sub carrier channels are not used. Some of these are laid down in the g.DMT standard, whilst
some others may depend upon the DSLAM/MSAN manufacturer and vary slightly.
Common tones not in use are:

DC (First Tone). Tone 0.
Guard Band (Tones 1 to 5 < 25.875 kHz). Tone 1 POTs. Tones 25 prevents cross talk between POTs + adsl.
Guard Band (Tone 32  138kHz). Prevents cross talk between upstream and downstream data.
Nyquist frequency (Final frequency tone)
Upstream Pilot Tone. (Tone 16  69kHz)
Downstream Pilot Tone. (Tone 64  276kHz).
Adaptive Pilot Tone. (Some adsl2+ systems select best channel conditions for pilot. Often tone 105, 110 etc)
Annex_M Stop Band. (Tone 59  254kHz). ADSL2+ Annex_M only.
DSLAM Specific Tones (eg Tones 476  499 2053kHz2156kHz on Be*/02 MSANs only).

Your router will also mark any subchannels where the SNR is too low to carry data as unusable.

  

 ~ VDSL2 Tones in use.

The following tones are in use for VDSL2 FTTC in the UK.  The ECI and Huawei cabs have slightly
different band plans:

VDSL2 Band Plans in the UK
Upstream Downstream

Band U0 U1 U2 D1 D2 D3
Tones From To From To From To From To From To From To
Cabinet                        
Huawei 7 32 871 1205 1972 2782 33 859 1216 1961 2793 3970
(BDCM)                        
ECI 6 31 882 1193 1984 2770 33 857 1218 1959 2795 4083
(IFTN)                        

  

 ~ Tones, carriers, buckets, frequency bins

Generally all of the above terms may be used interchangeably, but to recap and clarify a bit further:

The whole available frequency band is split into a
distinct number of subchannels.
With adsl over POTs, the subchannels form 3
distinct separate channels:
  ~ Voice
  ~ Upstream
  ~ Downstream

 

Sub channels may also be referred to as carriers, bins or buckets  so called because they are
used to carry data bits.
Each subchannel has the same amount of bandwidth (4.3125 kHz) but transmits on different
frequencies.
The tone relates to the frequency on which the signal is transmitted.
Each tone is centered on a specific frequency at which it transmits.
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The amount of data bits that can be carried in the bin can vary depending upon the quality of the
signal at the particular frequency range for that particular bin.

  

 ~ Initialisation and Synchronisation

Synchronisation is communication between your router and the DSLAM at the
exchange and sync speed is the rate at which it is agreed that your line can
sustain.

On the rate adaptive products before your router is said to be in sync it must
go through a process called initialisation to set up the sync speed. Initialisation
consists of four key stages:  

Handshake  Basically saying 'hello can you hear me' and giving details of which technology is
to be used (adsl 1, adsl 2 etc) and which protocols are to be used.
Depending upon the technology the number of available subchannels are determined as per the
defined standard (G.992.1 G.992.3 etc) The DSLAM will define which subchannels may be used 
for example certain tones are deliberately not used.
Transceiver Training  Preliminary estimation of loop attenuation, test datastream, reporting of
upstream power levels, power level adjustment (cutback) if needed for spectral masks. Some
subchannels may have masks applied which limit the maximum power level at a particular
frequency in order to reduce the risk of crosstalk.
Channel Analysis  The modem will respond and the condition of each subchannel is analysed.
Power levels are reported and SNR and attenuation is calculated. Depending upon the condition
(Noise/power level) of each channel, this determines the amount of data bits that can be carried
in each channel. See Bit Loading for more information about this stage.
Exchange  Setting the sync speed. The amount of overall bits that can be carried across all the
subchannels will determine your sync speed. (See Bit Allocation). The dslam will check that the
modem can receive data at that speed ok and the router should respond and synchronisation is
attained. If not the initialisation process is repeated until sync is achieved.

  

 ~ Bit Loading

The amount of bits that can be carried per channel depends upon the SNR at that particular frequency,
lower SNR levels may need more power to transmit data and since each frequency is subject to an
overall power limit, those frequencies are able to carry less bits than a channel with a better SNR.

The better the SNR at that frequencies in the subchannel range, then the more bits that can be
allocated to that particular carrier bin.
If the signal is good then 15 bits (maximum) can be allocated to that tone.
If the SNR is weak/weaker at a particular frequency range, then not as many bits can be carried
by the tone.
Each 3dB of SNR equates to 1 bit (of data), 
A minimum of 2 bits per bin is needed for the tone to be usable for ADSL1 (6dB)
ADSL2 and ADSL 2+ support single bit tones (3dB).
If there's insufficient SNR in the channel, then the carrier bin is marked by the router as
unusable.

Bits are encoded as a constellation QAM (Quadrature Amplitude Modulation) which transmit the data by
modulating the amplitude of 2 carrier waves. Called Quadrature since the 2 waveforms are out of
phase by 90 degrees.

The higher frequencies tend to carry less bits purely because the SNR isn't as good for those channels. 
Higher frequencies are more likely to be attenuated, therefore the SNR isn't as good and
consequentially the carrier bins for those tones cant carry as many data bits. 
With rate adaptive dsl, its the SNR of the subchannels which will determine your sync speed not the
frequency of the tone.  As long as the SNR at that particular frequency is good then modulation will
load x no of bits to the bin regardless if its a high or low frequency.
Lines which are more attenuated will see SNR decrease more rapidly at the higher frequencies hence
less bit allocation overall and a lower sync speed.

    

 

http://www.kitz.co.uk/adsl/linestats.htm#SNR
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 ~ Bit Allocation

Each tone is capable of carrying up to 15 bits regardless of the frequency at which it is transmitted.
The amount of bits actually allocated to the bin purely depends on the SNR for that particular bin.

As an example:

Say you have a bin at tone 192 @ 828kHz that has an SNR of say 50dB, then that's more
than enough SNR to allocate the full 15 bits to the carrier.
Now say at tone 194 @ 836kHz, there's some noise broadcasting at that same frequency
which takes the SNR down to 25dB, then only 5 bits may be able to be encoded on that
channel.
But frequency bands slightly further up may be fine and back up at 50dB SNR so 15 data
bits are encoded on that tone.

Bit Allocation is not actually quite as straight forward as in the above example and there's more to it
during the sync negotiation period which has to cover an allowance for errors as defined by the Bit
Error Rate (BER) and involves a fairly complicated process called Quadrature Amplitude Modulation
(QAM) which is beyond the scope of this tutorial, and this is what determines the final sync speed. 
Somewhere in that process is the required overhead for Interleaving and/or more correctly Error
Correction, and of course the Target SNR which sets some sort of base line, but... 

The QAM rate is said to be 4,000 symbols per second, therefore each 3dB of SNR available in the
sub channel over the base line will give approx 4kbps of sync speed, subject to a maximum of
60kbps (15 x 4kbps) per carrier.

  

 ~ Bit Allocation Table

Once a line has sync'd a Bit Allocation Table (BAT) is defined which is what specifies how many bits are
used/can be used within the subcarrier channel.
All modem routers will maintain a Bit Allocation Table and some routers allow you to view the Bit
Allocation Table which may be useful for diagnostics.

  

 ~ Bit Swapping

Bit Swapping is a way of keeping the line more stable by constantly monitoring the frequency bins
(carriers) in use and reusing them if possible. 

The bit swap process enables the connection to either change the
number of bits assigned to each individual subchannel or if
necessary increase the power level (gain) whilst still maintaining
the data flow. 

If after sync the SNR within a specific tone falls too low to transmit
x no of bits, then bit swapping allows any 'spare' in other sub
channels to be used, whilst still maintaining the same number of
total bits in the Bit Allocation Table. 

 

http://www.kitz.co.uk/adsl/linestats.htm#SNR
http://www.kitz.co.uk/adsl/interleaving.htm
http://www.kitz.co.uk/adsl/linestats.htm#SNR
http://www.kitz.co.uk/adsl/linestats.htm#target_SNR
http://www.kitz.co.uk/adsl/error_correction.htm
http://www.kitz.co.uk/adsl/linestats.htm#SNR
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There's a minimum amount of bits in a channel.. and if the bits fall
too low (say if you had a quick noise burst at a certain frequency)
then the router could mark that channel as unusable which may
cause the line to lose connection. A carrier bin needs a minimum
of 2 bits = 6dB of SNR to be usable for adsl1 or 3dB for adsl2/2+. 

With bit swapping the router can swap the bits around and
redistribute the bits to other channels by using any spare SNR at
other frequencies or increasing the gain. 

Without bitswapping, your connection would lose sync every time
there was a noise burst that meant any subchannel wasn't able to
transmit its allocated number of bits. 

  

 ~ Bit Error Rate (BER)

The Bit Error Rate is calculated as the percentage of transmitted bits which contain errors. Many
routers have the ability to conduct a Bit Error Rate Test (BERT).  For the duration of the test the router
will count the number of bits transmitted which is divided by the number of erroneous bits.

The result may be displayed as a figure with 10 to a negative power for example 10–7 which is
0.0000001 or 1e7.  To put it simply a BER of 10–6 is one errored bit in every 1,000,000 bits
transmitted.

The standard allowance for Bit Error Rate in adsl is a BER of 10–7.  The SNR margin is calculated as
SNR minus an allowance for a 10–7 BER.

During a BER test, if the router is measuring CRCs in the FAST path bit stream , then 1 CRC is the
equivalent of 20 bit errors and 50 bits for interleaved path.

  

 ~ Bit Allocation and Power Cut Back

Below is an example of a healthy line showing the Bit Allocation Table and SNR statistics from a router
with the aid of DMT tool.

Notice how the shape of the Bit Allocation (blue lines) correlate to the SNR (grey lines) in the
lower table. The yellow lines show the SNR Margin.
Also note the smooth curves at on the upstream causing a inverted 'U' and also at the beginning
of the downstream. This is likely due to spectral masks applied at the DSLAM which ensures that
power levels are cut back to reduce the likely hood of crosstalk on those frequencies.
Another interesting observation about this particular line, is that power levels have been cut back
across all bins (From a max of 20dBm down to 11.9dBm).

Cutting back on power reduces the signal strength, which in turn reduces the SNR. The above line is
very good with little noise, therefore without this cut back the above line would likely 'drown out'
neighbouring lines at the DSLAM causing crosstalk for other lines.

Note also how it can easily sync at the full 8128 kbps without having to assign the full 15 bits to any
one particular tone.

http://www.kitz.co.uk/routers/DMTv7.htm
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 ~ Bit Allocation Table and Low SNR

Below is an example of a line that is more susceptible to noise.

Despite having an attenuation of 30dB, the line was slightly underperforming at around 5.8
mbps.
Note the gaps and decline in SNR (yellow lines) at around tones 203  211.
This is indicative of additional noise/interference in the frequency ranges 875kHz  914kHz
The decline in SNR at these frequencies has had a corresponding effect on the bit loading so that
either side only 2 bits per bin have been able to load.
At the worst points the SNR was so low, that the router has not been able to use tones 203207 &
210211 at all.
The overall effect of less bits loaded is a lower than anticipated sync speed.

After internal rewiring and changing filters noise was reduced on the offending channels and the line is
now able to sync at the full 8Mb.

  

 ~ Bit Allocation and Long Lines

Below is a graph showing the bit loading on a long (59dB) line. Although the line is quite long it is able
to sync at speeds up to around 2Mbps

Long lines are naturally higher attenuated therefore SNR across all channels is lower.
Lower SNR means less bits can be loaded per bin = lower sync speed
Notice natural tail off of SNR at the higher frequencies
Note where the SNR + SNR Margin at Tones 132137 is too low to allocate any bits
A few tones at 140+ have just sufficient SNR (grey lines) to allocate 2 bits (blue lines).

What is interesting about the above line is notice the corresponding high peak in the SNR Margin, with
the lower bit loading at tone 74 and tone 101. This particular line had been up for a couple of days
when the graph was loaded. The yellow peaks indicate that that if a resync was performed 'now' then
those bins would likely load more bits to gain a higher sync speed. This could be typical of a line that
each evening receives a small amount of background noise' on those channels. On this particular line,
the amount of additional bits available probably wont make that much difference, but the graph is a
good indication what to look for and shows how lines can vary over the course of the day.

  

 ~ Seamless Rate Adaption (SRA)

Seamless Rate Adaption (SRA) is a method which dynamically adapts your line rate /sync speed on the
fly depending upon the current condition of your line without having to perform a full retrain or resync.

Normally when your SNR Margin falls too low for your router to 'hear' the signal from the exchange
your connection will drop and you lose synchronisation with the exchange. The router then has to re
negotiate a lower sync speed causing a small period of time without connectivity.

With SRA, line conditions are constantly monitored and any increases/decreases in SNR result in an
increase/decrease in the line connection speed without having to go through the initialisation process.

Line speed will always be at the highest possible rate depending upon your set target SNR, which is
particularly useful if you have had a low synch and line conditions later improve, as SRA will ensure

http://www.kitz.co.uk/adsl/linestats.htm#SNR_Margin
http://www.kitz.co.uk/adsl/linestats.htm#target_SNR
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that your line speed will increase in line with the better conditions.

Both the router and DSLAM need to be able to support SRA. 
Presently the only ISP in the UK that supports SRA is UKOnline on their adsl 2+ LLU exchanges.

  

 

Copyright © Kitz 2003 2015 
All rights reserved 

Unauthorised reproduction
prohibited

|| Broadband || ISPs || Tech || Routers || Site || Wiki || Forum || 

| About | Privacy Policy |

http://validator.w3.org/check?uri=referer
http://wiki.kitz.co.uk/
http://www.kitz.co.uk/isp/
http://www.kitz.co.uk/adsl/
http://www.kitz.co.uk/sites/about.htm
http://www.kitz.co.uk/routers/
http://www.kitz.co.uk/sites/
http://www.kitz.co.uk/
http://jigsaw.w3.org/css-validator/
http://www.kitz.co.uk/tech/
http://forum.kitz.co.uk/
http://www.kitz.co.uk/sites/about.htm#copyright
http://www.kitz.co.uk/sites/policy.htm



	APPENDIX C - RFI_DSL (08-31-13).pdf
	Non-linear effects
	Linear effects
	Implicit rectangular windowing in DFT demodulation causes spectral spreading of the narrow band interferer.
	Direct interference to tones within bandwidth of interferer.




