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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://webapp.etsi.org/| PR/home.asp).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Access, Terminals, Transmission
and Multiplexing (ATTM).

The present document is partly based on the T1E1 HDSL 2 specification. In turn, the ITU-T Recommendation G.991.2
(G.shddl) annex B text was largely based on earlier versions of the present document. Efforts have been made to ensure
that the ITU G.shdd and ETS| SDSL work items were kept in line. To facilitate this alignment this revision of the
present document was produced as an endorsement of ITU-T Recommendation G.991.2 (2005) with modifications and
additions.

Endorsement notice

The present document, in conjunction with ITU-T Recommendation G.991.2 (2005) provides the specification for
Symmetric single pair high bitrate Digital Subscriber Line (SDSL).

NOTE: The current revision of ITU-T Recommendation G.991.2 consists of four documents:
J ITU-T Recommendation G.991.2, December 2003.

. ITU-T Recommendation G.991.2, Amendment 1, July 2004.

J ITU-T Recommendation G.991.2, Amendment 2, December 2004.

. ITU-T Recommendation G.991.2, Amendment 3, September 2005.
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Global modifications to ITU-T Recommendation G.991.2

Replace throughout the entire document G.991.2 the terms and abbreviations as shown in the table below.

Terminology and Nomenclature in G.991.2

Terminology and Nomenclature as Modified by ETSI TS 101 524

Central Office

Network Side

SHDSL SDSL

Single-Pair High-bit-rate DSL Symmetric single pair high bit rate Digital Subscriber Line
STU TU

SHDSL Transceiver Unit SDSL Termination Unit

STU-C LTU

STU at the Central Office Line Termination Unit

STU-R NTU

STU at the Remote End Network Termination Unit

TC-PAM UC-PAM

Trellis Coded Pulse Amplitude Modulation Ungerboeck Coded Pulse Amplitude Modulation
TCM UcM™M

Trellis Coded Modulation

Ungerboeck Coded Modulation

Clause 2 "References"

Add the following references:

[13] ETSI EN 300 019 (al parts): "Environmental Engineering (EE); Environmental conditions and
environmental tests for telecommunications equipment”.

[14] ETSI EN 300 386: "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Telecommunication network equipment; ElectroMagnetic Compatibility (EMC) requirements’.

[15] ITU-T Recommendation K.20 (2008): "Resistibility of telecommunication equipment installed in a
telecommunications centre to overvoltages and overcurrents’.

[16] ITU-T Recommendation K.21 (2008): "Resistibility of telecommunication equipment installed in

[17]

[18]

customer premises to overvoltages and overcurrents'.

ITU-T Recommendation K.44 (2008): "Resistibility tests for telecommunication egquipment exposed
to overvoltages and overcurrents - Basic Recommendation”.

ITU-T Recommendation K.45 (2008): "Resistibility of telecommunication equipment installed in the
access and trunk networks to overvoltages and overcurrents”.

Clause 4 "Reference models”

Append to this clause the new clauses 4.4 and 4.5.

4.4

Physical reference configuration

Figure 4-4 shows the reference configuration of an SDSL transmission system.

ETSI
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SDSL TRANSMISSION SECTION

NB-Interface NB-Interface
Options: - SDSL CORE > Options:
ISDN-BA transparent to CORE FRAME payload ISDN-BA
- POt . Clock & Synchronization Information . POTS
; 3 [ 1 !_(Optional) | : } |
: | |
i s | . i M. in |
NB xigﬁlﬂi —r— (')mn']to ¥ -tra:sl,)cili_ver S Fur:,cptiogs 1 NB
! | Interface (TPS-TC) V| Cireuttry - Pl main- || (TPs-Tc)| | Interface | Application
' | Functions [~ ;\ Main- ([l tenance || | 7| Functions | |nterfaces
BB ] (Ps) Mainte- || * <}l Main- tenalnce {1 'l Mainte- (TPS) . BB
| nance ] ‘A." tenance I K ' nance i
| N N | |
i 5 L |1 " - |
I . ‘B . | i |
! BB-Interface : \LE_(Eo_re_liuPSﬂ?rls_(eMS_)_ = | ! BB-Interface |
! Options: i ' Maintenance | ! . Ontions:
I ...p N:anutreﬂ;::ence .~ Channel NTU 4<_>‘. LTU Maintenance "p !
e | CORE FRAME | ! Interface |
oo seelsEMNs | R J
: Digital Local
Customer side ;
Lines (DLLs) Network side

Figure 4-4: Protocol reference model

The reference configuration provides for a bi-directional symmetrical channel with a variable bit rate that is under the
control of the network management system of the operator. In the optional M-pair mode the distribution of the
aggregate bitstream to the M SDSL core systems is carried out by the TPS-TC functionality of the mapping functions
which are specified for the different applicationsin annex E. An option is provided for transporting an independent
narrowband channel. The narrowband channel shall be able to carry an ISDN-BA whose clock domain is not
necessarily the same as that of the rest of the channel. The narrowband channel shall aternatively be capable of
supporting analogue telephone channels. Remote power feeding shall be provided by the central office. In thiscase, a
reduced power mode (for lifeline servicein case of local power failure) may be provided for the ISDN-BA or one
analogue telephone connection.

The multiplexing of additional narrowband channelsinto the data channel is not precluded. Lifeline serviceis not
required for these channels.

The SDSL transmission system consists of the following functional blocks:

- interface functions;

- mapping functions;

- common circulitry;

- SDSL transceiver;

- optional regenerators.

The functions at the central office side constitute the Line Termination Unit (LTU) and act as master to the customer
side functions, which constitute the Network Termination Unit (NTU), and to a regenerator where applicable.

The common circuitry providing for Physical Medium Specific Transmission Convergence (PMS-TC) Layer and the
SDSL transceivers comprise the core functions of the NTU and the LTU which, along with the Digital Local Line
(DLL), make up the SDSL core. The DLL is commonly a metallic twisted pair and may contain regeneratorsif an
enhanced transmission rangeis required. In optional configurations, the DLL can be M copper twisted pairs

(M-pair mode). In that case, each SDSL Termination Unit contains M separate PMD layers, interfacing to acommon
PMS-TC layer.

A regenerator may be inserted at any convenient intermediate point in the SDSL core with appropriate insertion loss
consideration. Power feeding and lifeline service may restrict the maximum achievable loop reach. In the optional
M-pair mode, M-pair regenerators may be used when this reach extension is required.

The SDSL coreis application independent. It transparently transports the SDSL framesthat it receives at its internal
interfaces.

The mapping functions and the interface functions are application dependent and Transmission Protocol Specific (TPS).
The mapping function handles the Transmission Convergence (TC) Layer of the specific application including the
maintenance and the mapping of the application framesinto the SDSL frame. The TC-functions contain:

- channel multiplexing and demultiplexing;

ETSI
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- framing;

- frame synchronization;
- error detection;

- justification;

- mai ntenance.

The interface functional block provides interfaces to the data channel and the optional narrowband subchannel. The
physical characteristics of the interfaces are application dependent. | mplementation details are defined in the application
descriptions.

The interfaces between the functional blocks are only logical separations and are not required to be physically
accessible.

A clear embedded operations channel (eoc) is provided for within the system frame structure. The SDSL coreis
specified so as to promote interoperability of equipment from different vendors.

45 Functions

The functionslisted in table 4-1 are necessary for the correct operation of the SDSL core.

Table 4-1: Necessary functions

Functions related to the SDSL core LTU [NTU/REG
Transparent transport of SDSL frames <-m-->
Stuffing and destuffing PR
Transmission error detection PEEES
Error reporting PEES
Failure detection <>
Failure reporting PEES
Bit timing o>
Frame alignment PR
Power back-off <>
Transceiver start-up control | - >
Loopback control and co-ordination <-e>
Synchronization of SDSL transceivers | e >
Remote power feedng L e >
Wetting current e >
45.1 Transparent transport of SDSL frames

This function provides for the bi-directional transmission of the SDSL frames.

45.2 Stuffing and destuffing

This function, when used, provides for the synchronization of the application data clock to the SDSL transceiver system
clock, by means of adding zero or four stuffing bits per SDSL frame.

453 Transmission error detection

This function provides for error performance monitoring of the SDSL transceiver systemsin each SDSL frame.

454 Error reporting

This function provides for the reporting of errors detected.

455 Failure detection

This function provides for the detection of failuresin the SDSL transceiver system.

ETSI
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45.6 Failure reporting

This function provides for the reporting of failures detected in the SDSL transceiver systems.

457 Bit timing

This function provides bit timing to enable the SDSL transceiver systems to recover information from the aggregate bit
stream.

45.8 Frame alignment

This function provides information to enable the SDSL transceiver systems to recover the SDSL frame.

459 Power Back-Off (PBO)

The transmitter shall have the ability to reduce its transmitted power in order to reduce crosstalk with transmission
systems operating in the same multi pair cable. The power back-off function shall be provided in both directions of
transmission. The reduction of power shall be controlled by the management system. The assignment of power back-off
valuesin 4-wire/M-pair mode shall be as specified in clause 9.2.6.

45.10 Transceiver start-up control

This function provides for the activation to reach the operational state. It may contain a preactivation procedure.

4511 Loopback control and co-ordination

This function provides for the activation and deactivation of loopbacksin the LTU, the REG and the NTU.

45.12 Synchronization of SDSL transceivers

This function provides for the synchronization of the SDSL transceiver systems.

45.13 Remote power feeding

This function provides for remote power feeding of the NTU and/or the regenerators from the LTU.

45.14 Wetting current

This optional function provides for feeding of alow current on the pair to mitigate the effect of corrosion of contacts.

Clause 7 "PMS-TC Layer Functional Characteristics"

Modify clause 7.1.2.1 and add the following text:

7.1.21 swl - swl4 (Frame Sync Word)

The frame synchronization word (FSW) enables SHDSL receiversto acquire frame alignment. The FSW (bits swl -
swl4) is present in every frame. The synchronization word consists of the following 14-bit sequence: 11111100001100.
This sequence shall be passed as a parameter for both upstream and downstream directions during the pre-activation;
The SW is present in every frame and is the same in both the upstream and downstream directions.

Clause 9 "Management”

Add the following text to clause 9.2:

9.2.8 Loss of local power

The STU-R shall indicate loss of local power to the STU-C through ps-bit. The STU-R shall be able to send the ps-bit in
at least 1 and preferably 3 consecutive frames after losing local power. If the ps-bit is set for less than three frames, it is
up to the application at the STU-C layer to determine the validity of the message.

ETSI
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9.29 Loss of Signal (LOS)

The Loss Of Signal flag (LOS = ONE) indicates that no signal is detected on the line. LOS = ZERO indicates that a
signal has been detected. The LOS at the STU-R side is set to zero as soon asthe S; signal is detected. The LOS at the
STU-C side is set to zero as soon asthe S; signal is detected. LOS at the line side of the STU-C, STU-R or REG leads
to a deactivation of the respective path after 2 s and therefore always results in an LOS message from the SDSL core to

the Operation & Maintenance (O& M) functional block in the STU-C. The STU-C O&M unit cannot determine however
the location of the fault.

Annex A "Regional Requirements - Region 1"

Delete annex A. It is not applicable.

Annex C "Regional Requirements - Region 3"

Delete annex C. It is not applicable

Annex E "Application-specific TPS-TC Framing”

Delete clause E.3 (TPS-TC for Unaligned DS1 Transport).

Delete clause E.4 (TPS-TC for Aligned DSL/Fractional DS1 Transport).

Delete clause E.12 (TPS-TC for STM with a Dedicated Signalling Channel (DSC)).

These TPS-TCs are not applicable.

E.10.2

Dual Bearer Mode Types

Modify table E-22 as follows.

Table E-22: Supported TPS-TCs in Dual Bearer Mode

(clause E.13) (see note)
TU-12 (E.14)

Type | Description TPS-TC, TPS-TC,
1 STM + Synchronous ISDN BRA (clause E.8) Clear Channel (clause E.1)
Broadband LAPV5 Enveloped POTS or ISDN Clear Channel Byte-Oriented (clause E.2)

Unaligned D2048U (clause E.5) (see note)
Unaligned D2048S (clause E.6) (see note)
Aligned D2048S/Fractional D2048S
(clause E.7) (see note)

ATM (clause E.9)

PTM (HDLC based) (clause E.11)

PTM (64/65-Octet based) (clause E.15)

2 STM + Cell /
Packet

Unaligned D2048U (clause E.5) (see note)
Unaligned D2048S (clause E.6) (see note)
Aligned D2048S/Fractional D2048S
(clause E.7) (see note)

TU-12 (E.14)

ATM (clause E.9)
PTM (HDLC based) (clause E.11)
PTM (64/65-Octet based) (clause E.15)

3 STM + Clear
Channel

Unaligned D2048U (clause E.5) (see note)
Unaligned D2048S (clause E.6) (see note)
Aligned D2048S/Fractional D2048S
(clause E.7)

TU-12 (clause E.14)

Clear Channel (clause E.1)
Clear Channel Byte-Oriented (clause E.2)

NOTE:

Denotes TPS-TC modes that typically apply only in European networks. TPS-TC_ has to be used for
services, which require 8 kbit/s granularity.

Annex F "Region 1 Requirements for Data Rates between 192 and 5 696 kbit/s"

Delete annex F. It is not applicable.
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Annex G " Requirements for Payload Data Rates up to 5696 kbit/s (hnormative)"

Add the following text after the second paragraph of G.7:

For the tests purposes of tables G.7 and G.8 nominal PSD of Annex G must be used for self-crosstalk profiles.

Clause "Bibliography"

Add the following references to clause "Bibliography":

[B21]

[B22]

[B23]

[B24]

[B25]

[B26]

[B27]

[B28]

[B29]

[B30]

[B31]

[B32]

[B33]

[B34]

[B35]
[B36]

[B37]

ETSI TS 101 272: "Transmission and Multiplexing (TM); Optical Access Networks (OANS) for evolving
services; ATM Passive Optical Networks (PONSs) and the transport of ATM over digital subscriber lines'.

ETSI ES 201 970: "Access and Terminals (AT); Public Switched Telephone Network (PSTN);
Harmonized specification of physical and electrical characteristics at a 2-wire analogue presented
Network Termination Point (NTP)".

ETSI EN 300 659-1: "Access and Terminals (AT); Analogue access to the Public Switched Telephone
Network (PSTN); Subscriber line protocol over the local loop for display (and related) services;
Part 1: On-hook data transmission”.

ETSI EN 300 659-2: "Access and Terminals (AT); Analogue access to the Public Switched Telephone
Network (PSTN); Subscriber line protocol over the local loop for display (and related) services;
Part 2: Off-hook data transmission”.

ETSI ES 200 778 (all parts): "Access and Terminals (AT); Analogue access to the Public Switched
Telephone Network (PSTN); Protocol over the local loop for display and related services, Terminal
Equipment requirements”.

Council Directive 89/336/EEC of 3 May 1989 on the approximation of the laws of the Member States
relating to electromagnetic compatibility.

ITU-T Recommendation Q.552 (2001): " Transmission characteristics at 2-wire analogue i nterfaces of
digital exchanges".

ATM Forum specification, AF-VMOA-0145.000: "Loop Emulation Service using AAL2".

ETSI ES 201 971: "Access and Terminals (AT); Public Switched Telephone Network (PSTN);
Harmonized specification of physical and electrical characteristics at a 2-wire analogue Interface for short
line interface”.

ETSI TS 101 135: "Transmission and Multiplexing (TM); High bit-rate Digital Subscriber Line (HDSL)
transmission systems on metallic local lines; HDSL core specification and applications for combined
ISDN-BA and 2 048 kbit/s transmission".

ETSI TS 102 080: "Transmission and Multiplexing (TM); Integrated Services Digital Network (ISDN)
basic rate access; Digital transmission system on metallic local lines".

ETSI EN 300 012-1: "Integrated Services Digital Network (ISDN); Basic User-Network | nterface (UNI);
Part 1: Layer 1 specification”.

ETSI EN 300 001: "Attachments to the Public Switched Telephone Network (PSTN); General technical
reguirements for equipment connected to an analogue subscriber interface in the PSTN".

ITU-T Recommendation 0.9 (1999): "Measuring arrangements to assess the degree of unbalance about
earth”.

ETSI EG 201 185: "Terminal support interface for harmonized analogue PSTN terminals'.

ANSI/INCITS 4-1986: "Information Systems - Coded Character Sets - 7-Bit American National Standard
Code for Information Interchange (7-Bit ASCII)".

ETSI TS 101 012; "Transmission and Multiplexing (TM); Broadband Access Digital Section and NT
functional requirements”.
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ITU-T Recommendation G.704 (1998): " Synchronous frame structures used at 1544, 6312, 2048, 8448
and 44 736 kbit/s hierarchical levels'.
IETF RFC 4805: "Definitions of Managed Objects for the DS1, J1, E1, DS2, and E2 Interface Types'.

ETSI TBR 021: "Terminal Equipment (TE); Attachment requirements for pan-European approval for
connection to the analogue Public Switched Telephone Networks (PSTNs) of TE (excluding TE
supporting the voice telephony service) in which network addressing, if provided, is by means of Dual
Tone Multi Frequency (DTMF) signalling”.

ATM Forum Specification, AF-PHY -0086.001: "Inverse Multiplexing for ATM (IMA) Specification”.

ETSI EN 300 347-1: "V interfaces at the digital Local Exchange (LE); V5.2 interface for the support of
Access Network (AN); Part 1: V5.2 interface specification”.

ETSI ETS 300 297: "Integrated Services Digital Network (ISDN); Access digital section for ISDN basic
access'.

ISO/IEC 13239 (2002): "Information technology; Telecommunications and information exchange
between systems; High-level data link control (HDLC) procedures’.
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Annex ZA (informative):
Transmission medium

ZA.1 Description

The transmission medium over which the digital transmission system is expected to operate is the local line distribution
network, known as the Digital Local Line (DLL). A digital local line distribution network employs cables comprising
multiple twisted pairsto provide services to customers. In alocal line distribution network, customers are connected to
the local exchange vialocal lines. To simplify the provision of SDSL, adigital transmission system must be capable of
satisfactory operation over the majority of metallic local lines without requirement of any special conditioning. In order
to permit the use of SDSL transmission systems on the maximum possible number of digital local lines, the restrictions
imposed by SDSL requirements are kept to the minimum necessary to guarantee acceptabl e operation.

ZA.2 Physical characteristics of a Digital Local Line (DLL)

A Digital Local Line (DLL) is constructed of one or more cable sections that are spliced or interconnected together.
The distribution or main cable is structured as follows:

- cascade of cable sections of different diameters and lengths;

- up to two Bridged Taps (BTs) may exist at various points in installation and distribution cables.

A general description of the DLL physical model is shown in figure ZA.1 and typical examples of cable characteristics
aregivenintable ZA.1.

Installation Distribution Main Exchange

SDSL Cable SDP Cable ccp | & MDF Ceble SDSL

NTU LTU

Figure ZA.1: DLL physical model

Table ZA.1: Typical cable characteristics

Exchange cable Main cable Distribution cable Installation cable
Wire diameter 0,5;0,6; 0,32; 0,4 0,3to1,4 0,3to1,4 0,4;0,5; 0,6; 0,8; 0,9; 0,63
(mm)
Structure SQ (B) or TP (L) SQ (B) or TP (L) SQ (B) or TP (L) SQor TP or UP
Maximum number 1200 4 800 600 2 (aerial)
of pairs 600 (in house)
Installation underground in ducts underground or aerial (drop) or in ducts
aerial (in house)
Capacitance 55 to 120 25 to 60 25to 60 3510 120
(nF/km at 800 Hz)
Wire insulation PVC, FRPE PE, paper pulp paper, PE, Cell PE PE, PVC
TP: Twisted Pairs PE: Polyethylene
SQ: Star Quads PVC: Polyvinylchloride
UP: Untwisted Pairs Pulp: Pulp of paper
L: Layer Cell PE: Cellular Foam
B: Bundles (units) Polyethylene
FRPE: Fire Resistant PE

NOTE: This table is intended to describe the cables presently installed in the local loop. Not all of the above cable
types are suitable for SDSL systems.
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ZA.3 Electrical characteristics of a Digital Local Line (DLL)

The transmitted signal will suffer from impairments due to crosstalk, impulsive noise and the non-linear variation with
frequency of DLL characteristics. These impairments are described in more detail in the following clauses.

ZA.3.1 Principal Transmission characteristics

The principal electrical characteristics varying nonlinearly with frequency are:
- insertion loss;
- group delay;

- characteristic impedance, comprising real and imaginary parts.

ZA.3.2 Crosstalk characteristics

Crosstalk noisein general isthe result of finite coupling loss between pairs sharing the same cable, especially those
pairs that are physically adjacent. Finite coupling loss between pairs causes a vestige of the signal flowing on one DLL
(disturber DLL) to be coupled into an adjacent DLL (disturbed DLL). This vestige is known as crosstalk noise.
Near-end crosstalk (NEXT) is assumed to be the dominant type of crosstalk for SDSL.

Intersystem NEXT results when pairs carrying different digital transmission systems interfere with each other.

Intrasystem NEXT or self-NEXT results when al pairs interfering with each other in a cable are carrying the same
digital transmission system. Intrasystem NEXT noise coupled into adisturbed DLL from a number of DLL disturbers
can be represented as being due to an equivalent single disturber DLL with a coupling loss versus frequency
characteristics known as Power Sum Loss (PSL). Vauesfor 1 % worst case NEXT loss vary from 40 dB to 70 dB at
150 kHz depending upon the cable type, number of disturbers and environment.

ZA.3.3 Unbalance about earth

The DLL will have finite balance about earth. Unbalance about earth is described in terms of Longitudinal Conversion
Loss (LCL). The expected worst case value is 42,5 dB at 150 kHz decreasing with frequency by 5 dB/decade.

ZA.3.4 Impulse noise

The DLL will have impulse noise resulting from other systems sharing the same cables as well as from other extrinsic
sources.

ZA.3.5 Micro interruptions

A micro interruption is atemporary line interruption due to external mechanical action on the copper wires constituting
the transmission path, for example, at a cable splice.

ZA.4 Minimum Digital Local Line (DLL) requirements for
SDSL applications - no loading coils
- only twisted pair or quad cable;
- no additional shielding necessary;

- when bridged taps are present, the maximum number shall be limited to 2 and the length of each to 500 m.

ETSI
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Annex ZB (informative):
Environmental requirements

ZB.1 Climatic conditions

Climatograms applicable to the operation of SDSL equipment can be found in EN 300 019 [13]. The choice of classesis
under national responsibility.

ZB.2 Safety

Safety requirements are mentioned in clause B.5.3 " Span Powering".

ZB.3 Over-voltage protection

No over-voltage protection requirements are specified under the present document.

NOTE: Depending on the equipment NTU, LTU or REG, the ITU-T Recommendations K.21 [16], K.20 [15],
K.44 [17] or K.45 [18] should be applied.

ZB.4 Electromagnetic compatibility

The EMC requirements are defined according to the equipment type and as described in EN 300 386 [14].
NOTE: Additiona EMC requirements may be imposed under EMC Directive (89/336/EEC) [B26].

ETSI
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Annex ZC (informative):
Transmission and reflection of cable sections

ZC.1 Definition of transfer function and insertion loss

Transfer function and insertion loss are quantities that are related to the values of the (complex) source and load
impedance. Within the context of the present document, a simplified definition is used in which source and load are the
same and equal to areal value R,. The transfer function and insertion loss associated with atwo-port network,

normalized to a chosen reference resistance Ry, are defined as the following voltage ratios (see figures ZC.1 and ZC.2):

. U,
Transfer Function = —=

1

. U,
Insertion Loss= —
U

2

@ U Ry

Figure ZC.1: Voltage across the load

[ o

Ry

©)

Two-port

R
Network U, v

) )
1 4 1 4

Figure ZC.2: Voltage across the load with a two-port network inserted

These quantities are directly related to the scattering parameters associated with the two-port network as defined in
clause G.2:

Transfer Function (TF) =5, Magnitude of TF (in dB) = 20 log([s,1])

Insertion Loss (IL) =Us,; Magnitude of IL (in dB) = -20 logy(Is,;)

ETSI



16 ETSI TS 101 524 V1.5.1 (2010-08)

ZC.2 Derivation of s-parameters from primary cable
parameters

The test loops are defined by one or a cascade of cable sections. The characteristics of each section are specified by
means of primary cable parameters{Z,, Yp} per unit length (L ). This clause gives the equations to eval uate the

relevant characteristics of cable sections (s-parameters) from the primary parameters and to handle cascade of cable
sections.

Insertion loss and return loss of a cable section, for SDSL, can be calculated from the primary parameters { Z,, Yp} per
unit length (L) by evaluating the two-port s-parameters, normalized to R, = 135 Q.

Zgy = (LILg) - Zg Yy = NZo Yo |0 = real(yy) Rgy = real(Zg,) Gpx = real(Ypy)
pr = (L/LO) ’ Yp ZO = \I st /pr Bx = Imag(Yx) Lsx = imag(zsx/w) Cpx = imag(pr/(D)

s= S11 S12 | 1 y (Zog/R,—R,/Z) tanh(yy) 2/cosh (yy)
S S| (Zo/R,+R,/Zg)-tanh(y ) +2 2/ cosh(yy) (Zo/R, =R, 1Zg)- tanh(yy)

Insertion Loss: 1/sy;
ReturnLoss. 1/

The s-parameters of two cable sections (aand b) in cascade, Sy, can be calculated from the s-parameters S, and S, as
described below:

S _{511 512}_ 1 {Srl.la_Asa'S:LJb Si20  St2a
= _r

= As = Son - S
St S22]  1-Spa-Sip [ S1aSow Sp2b ~Ash 224 8 7w T S
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Annex ZD (informative):
Void

ETSI
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Annex ZE (informative):
Tabulation of Annex G noise profiles

This annex tabulates the total noise profile (sum of self and alien) corresponding to 0 dB of margin for the Annex G test
cases on loop#2 for SDSL using TC-PAM 32 modulation. Those noise PSDs were used during the theoretical
computation of the margin. The tabulated noise profiles should be measured into the calibrating impedance

(seeclause B.3.3.1).

For the Noise Profile Nomenclature see Appendix 1V.

The noise shapes used for test #1 areidentical to Noise A of test #2.

Table ZE.1: LT side/symmetric PSDs

Noise |Magnitude of the noise in dBm per Hz (sign is always negative) as a function of frequency in kHz
profile

12 [ 40 | 60 |80 [100( 160 | 200 | 300 | 600 | 800 (1000|1200 |1400 |1600 (1800 [2000
C768sA2 198,2 (92,9 [92,0 [91,4[91,5|87,7 [86,3 [83,8 |79,4 |77,6 |76,1 [79,0 [85,6 |91,2 |96,3 |100,7
C768sB2 103,8(98,3 |97,5 [97,2(99,4]|94,1 [92,7 |90,2 (87,8 86,9 (854 (88,2 [94,6 [100,1|104,9]109,2
C768sC2 |103,8(98,3 |97,5 [97,2|99,4]|94,1 [92,7 |90,2 |87,8 |86,8 |853 (87,9 |93,8 [98,9 |103,4[105,4
C768sD2 |104,6(96,8 [94,9 [94,6(98,2]126,8(138,0(138,0|138,0|138,0{138,0(138,0(138,0|138,0|138,0|138,0
C1024sA2198,3 [93,2 [92,3 [91,1(90,2|87,6 [86,3 (83,8 |79,4 |77,6 |76,1 [79,0 [85,6 |91,2 |96,3 |100,7
C1024sB2]103,9(98,7 98,0 [96,9(96,4|94,1 (92,7 90,2 (87,8 |86,9 (854 (88,2 [94,6 [100,1|104,9]109,2
C1024sC2)103,9(98,7 98,0 [96,9|96,4]|94,1 [92,7 |90,2 |87,8 |86,8 |853 (87,9 |93,8 [98,9 |103,4[105,4
C1024sD2]105,8|97,7 [95,5 [94,2(93,8]106,3(121,1(138,0|138,0|138,0{138,0(138,0(138,0|138,0|138,0{138,0
C2048sA2198,5 (93,7 [93,1 [91,7[90,3|86,7 [85,6 (83,7 |79,4 |77,6 |76,1 [79,0 [85,6 |91,2 |96,3 |100,7
C2048sB21104,1(99,5 99,6 [98,4(97,1192,9 [91,8 |90,2 (87,8 |86,9 (854 (88,2 [94,6 [100,1|104,9]109,2
C2048sC2)104,1[99,5 99,6 [98,4|97,1192,9 [91,8 |90,2 |87,8 |86,8 |853 (87,9 |93,8 [98,9 |103,4[105,4
C2048sD2|108,7(100,3[97,8 [96,0(94,8]92,6 [92,2 [101,4)|138,0|138,0{138,0(138,0(138,0|138,0|138,0|138,0
C3072sA2198,8 [93,8 [93,2 [91,8[90,3|86,5 [85,2 (83,2 |79,4 |77,6 |76,1 [79,0 [85,6 |91,2 |96,3 |100,7
C3072sB2|104,2(99,5 99,8 [98,6(97,2|92,7 [91,5 |89,5 [87,8 86,9 (854 (88,2 (94,6 [100,1|104,9]109,2
C3072sC2)104,2[99,5 99,8 [98,6|97,2]|92,7 [91,5 |89,5 |87,8 |86,8 |853 (87,9 |93,8 [98,9 |103,4[105,4
C3072sD2]109,4|100,9(98,3 [96,5[95,1]92,4 [91,4 [90,3 |118,2]138,0{138,0(138,0(138,0|138,0|138,0|138,0
C3840sA2199,1 [94,2 [93,6 [92,1[90,6|86,7 (853 83,2 |79,5 |77,6 [76,1 [79,0 [85,6 |91,3 |96,3 |100,7
C3840sB2|104,3[99,6 |100,1(99,0(97,6]92,9 [91,6 |89,4 (87,8 |86,9 (854 (88,2 [94,6 [100,1|104,9]109,2
C3840sC2)104,3[99,6 |100,1(99,0|97,6]92,9 [91,6 |89,4 |87,8 |86,8 |853 (87,9 |93,8 [98,9 |103,4[105,4
C3840sD2|110,4{101,8(99,1 [97,3[95,9]93,1 (91,8 [90,1 |102,6]123,2{138,0(138,0(138,0|138,0|138,0|138,0
C4096sA2199,3 94,4 [93,8 [92,3[90,8|86,8 [854 83,2 |79,5 |77,6 |76,1 [79,0 [85,6 |91,3 |96,3 |100,7
C4096sB2]104,3]99,6 [100,2(99,1(97,7(92,9 (91,6 (89,4 |87,7 |86,9 [854 [88,2 (94,6 |100,1]|104,9|109,2
C4096sC2)104,3[99,6 |100,2(99,1|97,7]192,9 [91,6 |89,4 |87,7 |86,7 |853 (87,9 |93,8 [98,9 |103,4[105,4
C4096sD2|110,7{102,1|99,4 [97,5(96,1]|93,2 (92,0 |90,1 (98,9 |117,5(138,0|138,0(138,0(138,0|138,0|138,0
C5120sA2]100,0(95,2 [94,7 [93,1[91,5|87,4 (859 [83,6 |79,6 |77,7 |76,2 [79,1 [85,6 |91,3 |96,3 |100,8
C5120sB2]104,5(99,8 [100,5(99,5(98,0{93,0 (91,7 (89,4 |87,4 |86,9 [854 [88,2 (94,6 |100,1]|104,9|109,2
C5120sC2|104,5[99,8 |100,5[99,5(98,0|93,0 (91,7 |89,4 (87,4 |86,7 (853 [87,9 (93,8 [98,9 |103,4|105,3
C5120sD2|111,9(103,1)100,4(98,4(97,0|94,0 (92,7 90,5 (90,3 |101,9(117,0]135,3|138,0(138,0|138,0|138,0
C5696sA2 |100,5(95,7 [95,2 [93,7(92,1|87,8 [86,3 (84,0 |79,7 |77,9 |76,4 [79,2 [85,7 |91,4 |96,4 |100,8
C5696sB21104,6(99,9 [100,6(99,7(98,2(93,1 (91,7 [89,4 |87,2 |86,8 854 [88,2 (94,6 |100,1]|104,9|109,2
C5696sC2|104,6 (99,9 |100,6(99,7(98,2193,1 (91,7 |89,5 (87,2 |86,7 (853 |87,8 (93,7 (98,9 |103,3|105,3
C5696sD2|112,4{103,6)100,9(98,9(97,4194,4 [93,0 |90,7 (88,9 ]96,0 [109,0]|123,3|138,0|138,0|138,0|138,0
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Table ZE.2: NT side/symmetric PSDs

Noise |Magnitude of the noise in dBm per Hz (sign is always negative) as a function of frequency in kHz
profile

12 [ 40 | 60 |80 [100( 160 | 200 | 300 | 600 | 800 (1000|1200 |1400 [1600 (1800 [2000

R768sA2 (98,2 [93,0 91,6 |90,5|90,1(87,5 |86,1 (87,3 |115,0{114,1]119,5(123,9]|127,2(129,6]131,4(133,0

R768sB2 ]103,8|97,7 |96,6 |95,8|95,8(94,7 |93,4 (93,9 |127,9|121,3]|127,2(130,3]|132,7(134,6]135,9(136,9

R768sC2 [103,8(97,7 |96,6 |95,8(95,8[94,7 (93,4 |94,8 [99,8 [96,9 [9555 |97,3 |99,6 |101,5[103,2[104,7

R768sD2 [104,6(96,8 [94,9 |94,6(98,2(126,8|138,0|138,0|138,0{138,0(138,0|138,0|138,0|138,0(138,0(138,0

R1024sA2 (98,3 [93,4 [91,8 |90,3|89,3|87,5 |86,1 (87,2 |108,8|110,5|114,2(120,1)126,1(129,3]131,4(133,0

R1024sB2|103,9(98,1 [96,9 |95,6]94,7(94,6 |93,4 (93,9 |124,9]121,0|126,9(130,2]132,7(134,6]135,9(136,9

R1024sC2(103,9(98,1 |96,9 |95,6(94,7[94,6 [93,4 |94,8 (99,8 [96,9 [955 |97,3 99,6 |101,5[103,2[104,7

R1024sD2|105,8 (97,7 |95,5 |94,293,8(106,3|121,1]|138,0|138,0{138,0(138,0|138,0|138,0|138,0(138,0(138,0

R2048sA2 (98,5 [93,8 92,5 |90,8|89,4(86,6 |854 (86,7 |954 [96,0 |96,9 [101,8]|110,2(117,5]|123,8(128,9

R2048sB2|104,1(98,7 97,8 |96,4]|95,0(93,2 [92,3 (93,7 |112,5|114,8]|117,7(123,3]130,2(133,8]135,7(136,9

R2048sC2(104,1(98,7 |97,8 |96,4(95,0(93,2 [92,3 94,6 [99,6 [96,8 [95,5 |97,3 99,6 |101,5[103,2[104,7

R2048sD2 |108,7[100,3 97,8 |96,0(94,8(92,6 [92,2 |101,4]138,0|138,0(138,0|138,0|138,0|138,0(138,0(138,0

R3072sA2198,8 [94,0 92,6 |90,9|89,5|86,4 |85,1 (85,3 |90,5 [90,2 |90,1 (94,3 |102,0(108,8]115,0(120,6

R3072sB2|104,2(98,7 98,0 |96,5]|95,1(93,1 [91,9 [91,6 |106,4|108,5|109,9(115,1]123,3[129,7]134,0(136,3

R3072sC2(104,2(98,7 [98,0 |96,5(95,1[93,1 [91,9 91,9 [99,0 |96,6 [95,3 |97,3 99,5 |101,5[103,2[104,7

R3072sD2|109,4[100,9 /98,3 ]96,5(95,1[92,4 [91,4 |90,3 |118,2|138,0(138,0|138,0|138,0|138,0(138,0(138,0

R3840sA2 (99,1 [94,4 193,0 |91,2|89,8|86,6 |85,2 (85,0 |87,8 |87,0 |86,4 [90,1 |97,4 [103,8]|109,6(114,9

R3840sB2|104,3(98,8 [98,2 |96,8]95,3]93,2 [91,9 (91,3 |100,9|104,0|104,7(109,4]|117,4(124,3]130,0(134,2

R3840sC2(104,3(98,8 [98,2 |96,8(95,3[93,2 [91,9 |91,7 |97,8 |96,1 [95,0 |97,0 |99,5 |101,5[103,2[104,7

R3840sD2(110,4(101,8 /99,1 |97,3[95,9(93,1 [91,8 |90,1 |102,6|123,2(138,0|138,0|138,0|138,0(138,0(138,0

R4096sA2 (99,3 [94,5 [93,2 |91,4189,9(86,7 |853 (85,0 |87,0 86,3 |85,6 [89,2 |96,4 [102,7]108,3[113,5

R4096sB2|104,3(98,9 [98,2 196,8]95,4(93,2 [92,0 (91,3 |98,9 |102,9]|103,4(107,9]115,8(122,7]128,5[133,1

R4096sC2(104,3[98,9 |98,2 96,8(95,4(93,2 (92,0 |91,6 [97,1 |959 (94,8 (96,9 99,4 |101,5[103,2[104,7

R4096sD2(110,7(102,1/99,4 |97,5(96,1[93,2 [92,0 |90,1 [98,9 |117,5(138,0|138,0|138,0|138,0(138,0(138,0

R5120sA2(100,0(95,3 [94,1 |92,2]90,7(87,3 |85,8 (85,3 |84,4 [84,5 |83,4 [86,6 |93,5 [99,5 |104,8(109,7

R5120sB2|104,5(99,0 98,4 |97,1]95,6(93,3 [92,0 (91,3 |92,5 [98,4 99,3 [103,4|110,9(117,5]|123,4(128,6

R5120sC2(104,5[99,0 [98,4 ]97,1(95,6[93,3 (92,0 |91,6 (92,3 [94,9 [94,0 |96,3 |99,2 |101,4(103,2[104,7

R5120sD2{111,9(103,1100,4]98,4(97,0(94,0 [92,7 90,5 [90,3 |101,9(117,0|135,3]|138,0|138,0(138,0(138,0

R5696sA2100,5(95,9 [94,6 |92,8]|91,2|87,8 |86,2 (85,6 |83,9 [83,8 |82,9 [859 |92,6 [98,5 |103,7[108,5

R5696sB2|104,6(99,1 |98,6 |97,2]95,7(93,4 [92,1 [91,3 |91,1 |95,6 |97,7 [101,7]109,0(115,4]121,2(126,4

R5696sC2(104,6(99,1 |98,6 |97,2|95,7[93,4 (92,1 91,6 [91,0 |93,9 [93,4 |95,9 |99,0 |101,3[103,1[104,7

R5696sD2(112,4[103,6 100,9]98,9|97,4(94,4 |93,0 |90,7 [88,9 [96,0 [109,0|123,3]|138,0|138,0{138,0(138,0
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