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- ABSTRACT-

o Thls project report exammes the performance of three VLSI U—mterface 1mplememauons .
satisfying the reqmrements of Basic Access on an ISDN,

_ | The systems evaluated are the Intel 89 0, Siernens PEB2090 and S’I‘C DSP144, uperatmg
on 2B1Q, MMS42 and SU32 line codes respectively, . .

Before evaluating the three abovementioned systems, ateview of the underlying principles
of U-interface technology is presented. Included in the review are aspects of transmission
line theory, line coding, echo-cancellation, decision feedback equalisation, and pulse density
modulation. The functional speciﬁcatlons of the three systems are thenprasented followed
bya practical evaluation of each system. :

* ‘As an aid 1o testing the transmission systems, an evaluation board has been designed and
‘built. The Jatter provides the necessary functionality te correctly activate each system, as
well as the appropriate interfacing requiremesits for the error-rate tester.

‘The U-interface transmission systems are evaluated on & number of test-loops, comprising '
'sec_t_ions of cable._ varying in lengih and gauge. Additionally, impairments are Injected into
data-carrying cables, in order to- test the performance of each system in the presenee of
noise. The resulis of eabh test are recorded and analysed. '

Finally, a recommendation is made in favour of the 2B1Q Usinterface, It fs shown to offer
superior transmission performance, at the expense of a slightly higher transmit-power level,
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1 INTRODUCTION

- This prejact repart focuses on a fundamental issue in the evolution towards an 1SDN, vizy
The U-refurence point or U-nterface, as it is more comnionly known, Although the
.. U-interface is but one facet of 2 Jarge and sophisticated system, its development has been
_achallengeto design teams throughout the world. It is i faet only dunng the past two yeers '
that VLSI nnplementatious of the U-mterface have begun emergmg

Althougha number of solutions have been proposed. some of which wﬂl be  briefly covered

1in Chapter 5, Dn"_ ‘particular ¢lass of System ha., veen opted for in the USA, Europe and
Britain. These systems all ely on the technigue of Echo Cancellation (EC) for separating
the two directions of data-transmission, The principles of EC have been. well understood
 for over a decade, y:t it s only during the Tast three years thiat it bas become technically
and commercially viable to implement a complete U-interface on £ chip or chip-set. The

o dlﬁ'iculty in the pa. can be attributed to the reiatively large number of transistors (fe.

£80 000) needed to implement the Digital Signal Processing (DSP) functions, Using CMOS |
fabricativn techniques with a feature size of 2;lm or fess, mtegreted EC technology has now
become a veleome reahty ' : :

This report coraptises eleven chapters, each of which encompasses 4 single teplc. Whrle_
every endeavour is made to ensure that each chapter s relatively self-containted, many
instances arise where reference is made to concepts and principles developed durmg
' preeedmg chapters..

The expert reade.? may wish to skip certain chapters and concentrate specifically on areas
relating to the transmission performance of each U-interface, In such acase, Chapters2 to
6 may be omitted since the latter merely provide an overview of ISDN as well as techniques
relevant to the lmplememauon of a U-interface, :

A brief introduction to each chapter now t‘ollcw:,

Chapter 2 exammes an ISDN in its bmadest sense that ofa telecommumcanon service:
provider. The vaviousrefzience points, OSI layersand s:gna]]mgsystemare dlscussed, gw:ng
 the reader an overall plcture. ' S

_ _Smce the U—mterface is demgned to operate over standard twisted pa1rs normally used in
the. Public Switched Telephone Network (PSTN), Chapter 3 i< devnted to a discussion of
' _the 34PTs cable-plant and the characteristics of mdmdual cable-palrs theredn,

An important conmderaﬁonm the deSign ofa U-mterfaee isthe ehmce of Ime-eode Each
- of the 3 specifications mentioned above do in fact call for a different line code viz. SU32,
MMS43 and ZBIQ Chapter 4introduess these line codes and evaluates their performauce

1 :




: 'Chapter 5 prese.nts a bnef introduction to Non-EC separahan techﬂuques fu]lowed by the

~ underlying theory guvemngC and DFE operation, The LMS algorithm and iis variants -

. are analysed, with avww 10 lnghllghtmg the relatwe trade-off between conversion time and
residual echo, S -

A technique oft_en neglected in a report of this hature'js that of’.anaio'guc-ta-di'g'ital_ '
conversion, and conversely, digital-to-analogue conversion. Al three U-chips evaluated use
the same technique of Pulse Density Modulation (PDM), otherwise known as
= A-modulation, as their analogue:to-digital converter front-end. Chapter 6 introduces
PDM as well as the decimating conversmn-fllter usually associated with a
p.ﬂse densxtjr-modulator. '

Chapter 7 introduces and anzlyses three sets of U:—-ir_xt'éa"facg specifications viz. those of
Bri_tish Telecom (BT), Deutsche Bundespost and ANSI TI. Each of the 3 U-interface
chip-sets evaluated in this project report is designed according to one of these specifications.

Chﬁpter ¥ introduces the U-inte’rfaee chip-sets under review, The archilecture and iieory ”
of operation of each chip-set is presented follmved bya dlSCI.ISSJOTl of the salient differences
* between each system. :

The chip-sets introduced in the preceding chapter perform all the functions required of a
finll-d; plex synchronots transmission system. However, « considerable amount of exsernal.
drenitryis needed toinitiate each system’s activation sequunoe aswell as perform data-rate
conversionbetween the bit-error-rate tester and the chip-sets, Unfortunately, the interfacing
problemis apgravated by the fact that each chip-set has a different interfacing and activation
‘sequence requirement, Chapter 9 dlscusses the arcultry reqmred to perform 1he '
above-mentioned f\mcnons :

Chapter 10 details thie performauce of each chip-set as observed in the laboratory. Various
tests are perforzied to evaluate the transmission range, transmit-power anu activation time
of each system, In addition, various disturbing signals are injected into thc cab‘e in order
to test transmission performance in the presence of noise. :

Chapter 11 concludes this prolect report by recom‘mendmg a _comrhercially-availsme
U-interface s em suitable for a future ISDN in South Africa. ' : :

2



2 ISDN- A BRIEF OVERVIEW
| 3 2.1 In_ﬁfoducﬂ@h

. The concept of an Infegrated Services Digital Network (IS SDN) is a single network that
provides nmversal communicatjon facilities betwean a multitude of different user types. An
ISDN features a comumon transmission systém for all types of traffic as well as standard
_ accesstothenetwnrkforallsnppnnedtcrmmaleqmpmcnt.Prawsmmsalsomadetosupport
. e}usung non-companble términals through {he use of terminal adapters _

: C‘urrently,thewqud’stelecormnumcahonsauthonues,mc!udmgtheSAI’I‘,.pi'ovidearange
- of voice and data services {eg. telephone,. telex, facsimile, videotex, and other.
~ terminal-to-terminal dataservices) distributed across 2 number of different public netwnrks,

These networks are specialised, differing in terms of their transmission rates and

" characteristics due to being primarily dedicated to one type of semce For example, the -

telephone network is primarily designed for voice communications, whereas packet and
cirenit-switched data networks are de51gned to carry high-speed dtgita‘ data in the relevant -~ -
formats, :

 Paradoxically, some of the data services are provided on more than one network as shown
in Figure 2.1. However, the terminal equipments d1ffer. and in general are mutnally
incompatible, This is due to the terminals being matched to their respective networks. Any
interworking between two different networks can only be achieved using specialised
"gateway" exchanges that adapt one form of tranismission to the other.
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FIGURE 2.1 : PRESENT DAY COMMUNICATION RETWORKS
Figure 2.2 depicts ISDN as 'an "open systems interconnection and communication’ network.
This eoncept allows, in general, information-compatible terminals to communicate via a
single network, regardless of differences in transmission parameters, ie. analogue or digital,
‘bit-rates, or protocols. The transmission characteristics and speeds of non-comgpatible
terminals are adapted to conform to the ISDN access by termmal adapters located at the
- subscrlber’s premises, - '
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" FIGURE 2.2 : ISDN NETWORK

The primary aim of an ISDN is to prov.de open systemsinterconnectionand 'commmu'cation'
- and i5 the next inevitab & stage in the evolution of the world’s telecommunication networks,

~ Itis intended 1o rationalise today’s networks, which have developed and evolved largely -

independently of one another, and bring together into one integrated network 1_he range of
services currently offered individually on the different types of public networks.

2.2 The OSY Reference Model

The Open Systems Interconnection (OSI) model was originally defined by the International -
Standards Qrganisation (IS0)) s areference modelfor data communication in opensystems,
with respect 10 computers and information processing. It has subsequently been adopted
' by the CCIIT for ISDN in t.hen' X200 [1] recommendauons, and later in their 1.320
recommendations [2]. .

The OSt reference modet provides a basis for siandardising apen communication. It does |
- ot its~i define the: mterfaces and protocols to be used but rather jdentifies the overall
‘framework withm which t 2 interfaces and protocols can be developed and assigned. '

' -.Commumcatmnis ahnerarchicalprocessmvolvmgapphcationfunctionsatthehzgherlevels |
and purely mﬁormation—transpnrt funcﬁons (bearer Samces), at the lower levels. The .




 reference model s a pictorial representation of this hierarchical communicaﬁanbrbéa:s,- :
~ and identifies the levels at whicy the vazious applications and transport functions are_
performed. and hence where £,ﬂ'ﬂhr.n.uls and mterfaces apply

'The OSI refere.nce model, shown in Fxgure 2.3, defines seven independent hierarchical
Jlayers. Bach layer defines the funetions to be performed by the various building blocks of .
the systein at that level, together with the type of protocols ussigned to thatlayer. In addition,
i* identifies the interface functions reqmred for aommuvcatmg with the adlacen{ layers
“above and below : - '

- APPLICATION

PROCESS
i 1T
APPLICATION
T USERS OF
PRESENTATION © TRANSPORT
L SERVICE
| SESSION
TRANSPORT | | - USERS LIAISON
. NETWORK |
PIPE NETWORK
DATA LINK SERVICE
 BHYSICAL

FIGURE 2.3 : OS] REFERENCE MODEL

For a communication session between two end-points of an ISDN (eg. person-to-persen or
terminal-te-terminal), successive layers of task-related functions each add their protacol

- messages fo the information 16 be sent, and this collective data is then transmitted over the . -

‘physical medium (eg. digital trimks of the network). At the receiving end; these protocol
- messages are interpreted at their appropriate layer and stripped off, with the balance of
-+ the information passed up to the next layer unnl the original information arrives at ts

.. intended destmatlon.




Layers 110 4 of the OSI model refer to the "transport” protacols, ie. the protocols governing '
the reliable end-to-end transport of the information avross the network, while Jayers 5 to
" 7depict the application protocols i¢. the protocols govermng the exchange of mformatlon
between the two end-terminals. : :

" A definition of the functions provided by the OSI Jayers is not easy as the definitions are
inherently vague, One should keep in mind that the seven layer OSI structure i5 a vehicle
- for allowing distributed user processés to inferact gfacemlly via' an intermediate
comrmunications network. In this sense, the sever layer mods] may be considered as a
distributed operating system  connecting the _user process:s v1a an meedded '

elecommumcatmns network, :

Bnef descnptlons of the functmnal oomcnt of eav.,h Iayer are as follows:

. I.AYBR T: APPIJCATION LAYER - This is the upper layer and mterfaces directly wnh
user programs, which it supports. Tangible examples of functions included in this layer are
the support of distributed databases, and support of distributed computing and distributed

- operating systems. Thz term dlstributed refers here. to multxp]e user facilities =

commumc&tmg ACT0ss the netwark.

LAYER 6 ; PRESENTATION LAYER - This layer governs the information format and
method of exchange, Examples of fonctions found in this layer are cryptographlc :
transformanons text compression, file transfer and tarmmal ha.ndling.

LAYER 5 : SESSION LAYER - This layer defines the functions reqmred for opening a _
communications session, exchanglng the information inan orderly fashinn, and terminating
the session. Examples of fuictions found in this layer are identification of the call originator
* and logging-in at the remote end of the network. For packet switching, a potential function
of Layer 5 or 6 is separating thedatatobe sent into packets, and rc—assemblmg the packets
into oomPlete data blocks at the o.her end. : : '

' LAYER 4 : TRANSPORT LAYER - This layer perfonns the functions that establish & -
terminal-to-tesminal error-free connection from one user fo the other. It defines the logical
connections across the network, in terms of originating the destination addresses of the two
- end-points (as opposed to the actual physical connections performed by network Layer 3),
A single transport connection taay include several physical call set-up sequences, for
". example, in the case of packet-switching. The Layer 4 functions are thus concerned with
thcadmxmstratweandsupervfsoryuspects of call set-up, rather than the physical connections
acrosst]wnetworkTheyalsum_c:ludeend -{o-end error checking and correctionprocedures,




LAYER 3 ; NETWORK LAYER Tl'us layer defmes the mechamcs of commumcatmns -
' path as'.sembly from a series of error-protected links bemeen the various nodes of the.

network. Layer 3 includes. the hetwork s:gnallmg prutocol that determines the routes taken _ :

through the network.

LAYER 2: - LINK LAYER - This layer defirtes the functions necessary to protect each link
that forms part of the transmission path ﬁ'cm errors. Thus each of the node-to-node links
of the path detects and corrects errors, Vsing: techmques such as ngh-level Data Link -
Control ‘(HDLC) p_mcedures. HDLC organises the transmission of information in
standard-format information frames, and provides retransmission and flow contral,

- LAYER 1 PI-IYSICAL LAYER - This layer determines the physlcal wransmission -
:charactensncs of a node-to-node link, eg, voliage and mgnallmg conventions, but does not -
ude the physical medium for the transmission. It thus provides the basic transmission
.aTacteristics for sending a stream of information via the physical transmission medium,
but w1thoul error protection. The remainder of thls project report is pnmari]y ooncemed :
with the requirements.of the physmal layer, :

It ls.parucu_larly important to recognize that the set of levels involved in a given transaction
can be different for the signa]ling phase and the user data-exchange phase. During the
szgnallmg phase, snftware functions be!ongmg to Layers 1, 2 and 3 are included within the
network nodes, During the exchange of vser inform..tion, the number of network levels
involved will depend on the call type. For packet type calls, TLayers1,2and3 are involved;
for circmt-swnched caIIs, only Layer 1 applies.

2.3 Transmlsswn Cha-racterlstlcs

Currently, a substantial part of the global telephone network as well as some other networks
use a primary rate PCM dipital transmismon system for inter-exchange communications.
Primary rate PCM systems are organised either as mutltiplexed 32-channe} (Europe and
South Africa) or 24-channel (Umted States) systems. For both systems, the fundamental
channel rate is 64kbit/s, with total Ijit rates for the primary multiplex of 2,{}48bet/s or
1,544Mbit/s respecnvely. A good cnverage of PCM is gn en in reference (3], -

The CCITT decided tonse the primary rate PCM standard as the basis for an ISDN. Usmg
this standard, the administrations can choose to allocate speech, data and signalling to
different numbers of channels appropnate to their needs. In general, anumber of channels -
are allocated to speech and data, and one or more channels can be allocated to network
signalling and maintenance mformatlon, together with -a separate channel for
: synchmmsatmn and con&ol signals.
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_ The network signalling pibfocoI for inter{xcirénge signalling s to be the CCITT No. 7

Conumion Channel Slgnallmg System (S§7). SS7 relies on the signalling information for a

- niumber of speech or data channels occupying ageparate transmission channel whichis then

~ shared by the different speech and data channels. This differs from channel-associated or

. - in-channef sugnallmg, where each speech path carries its own mgnallmg messages, S87isa

fairly complex signalling systcm loosely based on the OSI model. Itis beyond the scope of

this report to cover the system in any detail, and the reader is referred to refere: e [4) and--
[>) (Q701-Q: 718) fora descnptmn and speclﬁcatlons respecnvely

- For the subscnber links to the ISDN exchanges, a decision had to be taken on the data aﬁd
 signalling content of the information exchanged, as well as the allocation of the different
. . transmission chanuels. Also, these channels had to be defined in terms of their trafismission
' bit-rates and protocols. As a result, CCITT has produced a numbzr of additiona} channel -
definitions to supplement their emstmg omes. Currenﬂy, the main transmission c.hannels :
defined by CCI'IT are: :

* = A-CHANNEL - which is the traditmnal analogue channel with a bandwidih of

. . J,H\HZ. .
' * B-CHANNEL whlch is the fundamental dlgltal mformahon channel ope.ratmg

 at 64kbit/s and capabl- of carrying circuit- or packet -switched data,

oo CHANNEL which § is primanly défined as a sxgna’img channel carrying 1ts '
information in "packet” form. Opnonally, it may also be used for convewng
-low—speed user packet data. Currently, it is defined for two transmission rates of
16kbit/s and 64kbit/s, depending upon the type of ISDN access to be offered to ' _
the subseriber, It employs a upigue layered mgnallmg protocol called Link Access -
Protocoi on the D-chanzel (LAP-D) '

_Basmal]_y, LAP-D isa packet slgua]hng protocol rasemblmg CCI’IT X.25, but _
containing additional addressing iuformation emabling it to ‘work with
point-to-multipoint configurations (le. with multiple ferminals on one Jink),

 LAP-D encompasses the Layer 2 functions 2nd is buili up from ¢lements of the

- HDLC procedures. Tt ensures the reliable delivery of the Layer 3 signalling

. messagesinthie D-channel that setuj the ronse for the information to be conveyed
" . across the netwurk . Figure 2.4 shows the compositmn of a Layer 2 mformauon .
frame umng the LAP-D pmw.ol : L
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FIGURE 24 : LAYER 2 INFORMATION FRAME ON THE D-CHANNEL
% E-CHANNEL - which js an alternative type of 64kbit/s signalling chagnel, but
* based on the CCITT 857 for its Layer 2 functions; The Layer 3 contral proce.dures '

. for circnit-switched eonnecuons are the same a5 those used for64kb1t/s D-channel
'mgnallmg : :

B h CSH‘ANNEIS which are the hlgher transmission rate. chanmels envisaged for -
. useinwideband and broadband ISDN. Two types (HO and Hi) have thust'ar been -
defined, and others are forESCen as follows '

- I-IO—CHANNEL-which operates at 384Kbie/s (6x64k5itfs)

- Hl-CHANNEL comPnsmg Hi(1) at 1536kb1t/s (24x64kbit/s), and HI1(2)
at 1420' it/s (30x64kb1t/s) - '

- H2- CHANNEL to operate a approx;mately SObet/s
- H3-CHANNEL - t0 operate at appronmately 70Mb1t/s.
- H4-CHANNEL '--to operate at apj:ro:dmately 140Mbit/s,

~'The. mclumon of H—channe]s for wide band ISDN fam'htaies the prmnsmn of TV quahty
video signals, : : . :

24 Subserlbe. Access

- T‘v\'o types of subscriber access are defined h;v CCl’ITfornmowband ISDN-a Basu:Access :
. (BA) for conventional subscribers, and a Primary Rate Access (PRA) for subscribers with
' ahigh volume of traffic, such as dlgltal PABXs, pnvate Local Area Networks (I.ANs) and -
" database pro\uders. - S L o

. A basic access comprises two d’uplex 64kbit/s B-channels for voice. and data, and one o
associated duplex 16kb1t/5 D—chanrlel for mgnal]mg(and opuonaﬂylow-speed packet data) '
' 1e. BA= ZB+D.
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- This provides a total usable data and signalling rate of 144kbit/s across the three channels -

- allocated per subscriber. The basic access usnally relates to a multipofnt subscriber -
 configuration, where a number of subscriber tezminals are connected to the subseriber line
‘in a bus or star arrangement, ie, the exchange o subscnber link i isa pmm—to-mulhnomt_

. Bcoess.

- Apn‘xﬁa rrate aceess comprises 30 duplex 64kbit/s B-channels for voice and data, and one. -
'assocra 1duplex 64kb1t/s D-channel for sigualling, ie. PRA—SOB-I-D ' h

Th:s prnv1des a total nsable data and signal}mg rate of 1984kb1tfs dcross the 31- channels
- Additionally, synchronisation, tu:mngand control bits are added inte the information stream -
- . toprovide atotal transmissionrate 0f2048kb1t/s Thisisequivalent to: a32-channel 2Mbit /s
"PCM link between the exchiange and subscriber, where the B-ehannel data i carded in
Channels 1 to 15 and 17 to 31, the D channel s:guallmg mformanun is contame:l in
E Channel 16 and Synchromsauan, nmmg and control information in Channel 0.

_ The primary rate access relates only sothie; po mt—to-pomt conﬁgurannn ofan ISDN exchange .
_ .wlth alarge smgle subscnber such at a digital PABX, :

25 Subscriber Interfaces '

' At the -:ubscnber S prermses, 2 vanety of different types of termmal equipment wﬂl require
access to the ISDN. Initially, few of these temmals will have been desigued to work with -
an ISDN, and hence & fonn of termmal adapter will be required to convert the interface

and transmission. charactensncs of the terminals to those of an ISDN basic access, This

involves adapting the transmission bit rates to B-channel 64kbit/s operation {with _
analog-to-digital PCM eonversion where nécessary), andcunverungtheslgnalhr-gp.otocols L
(e, X.21, X.25, V.24) to the LAP-D protocol on the D—channel : .

- At the exchange, fonctions. are reqmred to terminate the subscriber line, extract and
interpret the signalling information in the D- channe], and swifch the B-channel data in _

" order to route the calls mto the network.

'In order {0 ensure that the convers:onof transmxssmn charactenstlca, pratocol conversrons, _'
* and inteface functions are performed consnstently at the same pomts ia the subscriber's
texminal equipment and exchange equipment sopplied by different manufacturers, CCITT .
~ have defined a number of fanctional protieol biocks and key interfaces. These apply on
the bastc secess hnkbetween the subsm‘her, subsenberhne, and ISDN exchange, asshown
in Figure 25. :
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FIGURE 2, s: s BASIC ACCESS FUNCTIONAL BLOCKS & INTERFACES

"I'he fonctional blocks define the eqmpmant ﬂmcnons that must be performed betwecn the
interface reference points R,S,T,U and V, with these referenoe points represennngthe key
hymeal interfaces between the blocks :

- 25.1 Functional Blucks
“The Layer 1 funcnonal blo::ks fora bﬂSl.c gocess are dcﬁned as tol}uws.

* - T.E‘.l TERMINAL EQUIPMENT TYPE 1 - which represr.nts the. functmns of
_1SDN terminals, ie. single or !mﬂn-semce terminals designed to comply with the
CCI'IT user—to—network interface recommendauons for an, IbDN basic access.

o TE2: 'I'ERNHNAL EQUIPMENT TYPE 2- which represents non-ISDN
terminals, ie, those terminals currently in service that are not designed to the ISDN
user-to-network interface recomunendations. These terroinals operate with a

 variety of transmission characteristics, protocols and formass, TEZ equipmerits
_ raqmraatermmalada.ptertoccnvﬂrtthelroperatlonforthcISDNuser—to—nehvork' o
"mterfaoe. : o

= TA : T'BRIsﬂNAL ADAPTER - which represents the ﬂmcﬁons that termtinal
© adapter equipment must perform to adapt nop-ISDN termmal_s to an ISDN -
~ user-to-network interface. To date, CCYTT has identified three standard TAs for

2




the support of: X.21 and X21bis elrmlt-swmhed termmals (l 461), X. 25 packet-
. ‘erminals (1.462) and V-series terminals (1.463). How.ever, further TAs may be o
produeed fe. other types of TE2 eqmpmem. . o

o NTi: NE'IWORK"ERMNA’I‘ION] whnchrepresemstheequipmentpmv:ded B

'by the adnnmstranons to physmally a.nd electrically terminate the suhscrihex line.” -

e+ NI2; NETWORK TERM]NA'I'ION 2 - which represents the functions for :
" switching and concentration of a number of subscriber terminals, Up to eight
" terminals may be connected to an NT2 S-interface port. As shown in Figers 25,
NT2 has more than one port. ‘When only a single port is reqmred, the S- and a

: '_T-mterfaoes emnc;de and the NT2 falls away. ' .

*  LT: LINE TERMEBVATION - Whl.C.h denotes Lhe Hine termmanc-n funcnon at lhe B
exchange end of the subscnber lme ' _ S -
* ET: BXCHANGE TE.RMINATION whlch denotes t'he exchange termmatmn _

functions of dn ISDN exchange. These functlons deliver the signalling information
tothe call handlmg processes ofthe exchange, whlcb in turn initiate mter-exchange

signalling, -
252 Layerl Reference Points

The logical structure of reference points RT and V are dedumb]e fmm the preceding
discussion abont fonctional blucks, and therefore wxll not be mentioned any further in this
section. : . .

"The U-reference point is responsible for transparent duplex transmission of 2B+D (ie.

' 144Xbit/s) over a single twisted Z-wire cable. Its requirsments and design are the subject
- of the major part of this report, ana will be dealt with in later chapters, The §- reference
point hasbeen thoroughly spemfled by the carT (I.430) and will be bneﬂ}r dlscussed at

this poml

The S-reference pomt, or S—mterface as it is generally called, supports a 4-wire ph;,rsrcsl o
transmission medium (ie. 2 wires for the NT-to-TE direction, and 2 wires for the TE-to-NT
direction of transmission), Bach direction carries data at 192kbit/s formatted in frames of
48 symibols, The line code on the $-interface is Alternate Mark Inversion (AMI), and hence -
each psendo-ternary symbol represents a single bmary digit. The frame duration is thus

'.ZSOusprovxdmga4kI-Izper10d )

The S-interface frame structue for the two directions is shown in Figare 2.6,
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- FIGﬁRE 261 FRAME’STRUCTURE AT REFERENCE POINTS S&T

The balance bits seive to reduce res:dual DCw]:uch could 0therw15e accnmulate. smce the '

' Bl and B2 bits are generated by independent transnutter SOurces,

The D-chaunel echo. blts facilitate a collision detection protocul in the event of woor more :
.termmals reqmrmg sitpultaneous aceess to the D-channel -

The frame b11 (F), auxﬂaary frammg it (FA), DC balancing bits (L} and N bits, form an- :
AMI code wolaﬁon sequencc, which ensures frammg mdependent of wiring polamy '

" The activation bit (A) is used in the TE~to-NT duectmn to initiate activation of the
U-interface. . ' S

. '26 ISDN m SonthAfnca

' 'ITus section is based on zhe pmposals of Van Dljk and Stame.r [6] It nims to enli\ghten the -
reader on the intentions of the SAPT as regards an ISDN in South Aﬁwa, aswellasa
possible ﬁme-scale for the plamed pilot phases. o
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Prior to ISDN lmplementanoo, 2 number of prerequlsues must be met, These are-
_ summansed as follows: : - '

. 'Fullydlgttahzed teIephonenetwork end—to-end -
. Implementanon of SS‘.’Jr between exchanges |
. "Intenvorlung between - the various. networks (eg Telephone, Saponet—(_,
R Saponet-P Telex, etc). ' .
| * | A deﬁned 1outmg and numbenng scheme
| ;. - '. Inter-networknmmgsynchromsamn o

2.6. 1 Dlgital Telephone Network :

In digltahzmg the telephone network both exchanges and transmission systems must be

considered. The SAPT has committed itself 1o the widespread introduction of digital public
" exchanges, and it is expected that by 1995, 69% of the total number of subscriber ports in .
South Africa will be coonected to 2 digital exchange, It is also predlcted :hat at this stage,
' 85% of all fransmission cm:u'ta will be digital in nature.

.2 6 z CCaTT Coml:non Channel SlgnalhngNo.

The present s:gnallmg systemused in the South Afncan dlgnal telephone network consists
of either line signalling or the CCITT recommended MFCR?2 register signaifing. These
signalling systems would have to be replaced with SS7 before ISDN could become feasible.
The SAPT is cuzrently at the stage where the 1mpl1cenons of mlroducmg SS'? into the
telephone network are bemg studied.

2.63 Network Interworking
" Regarding interworking between the various networks, the SAPT favours 4 "maximum
integration® scenario as spec:ﬁed by CCITT recommendation 1.462. With maximum
integrati.m, the packet handler, in the case of & packet-switched data network, forms an

inhereat part of the ISDN, and accesses the packet network t‘hrough zn X.75 gateway.
Similarlythe other repubhcnetworkswould also eventuallybemtegrated intoa smgle ISDN. '

L network

2.6 4 Routme and Numbermg Scieme

N The routmg and numbermg scheme will follow dlong the lmes of CCIIT recommendanon
1.330and E.164. A South Aﬁ-;canISDNsubamberwould have asmg]e number of maximum
- 1ength equal to 15 chgits with the format 21 shown in F:,gure 23 .

.‘__[.5.-. :
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€C —  CAOUNTRY CODE (27)

NDC — . NATIONAL DESTINATION (te TRUNK) CODE

..SN__ - LOCAL SUBSCRIBER NUMBER ~

FIGURE 2.7: ISDN NI MBER STRUCI‘URE

- 16 5 Inter Netwark Sync‘uomsanon

The master c]ock is Caesium based with duphcaten tubes yaeldmg a frequency stabﬂny in

: eXCess: ofte 1074 . Currently, 2l digital exchange clocks are commected to the master clock
inastar network configuration, The ‘other networks (ie. Dlgmet, Saponet-Cand Saponet-P)
have also recently been synchroms=d tu ﬂ'm Caesfum master clock, :

266 ISDN Pilot Scheme .

. The r‘oposed ISDN pilot scheme will comprme 3 phases as folluws

= PI-IASB 1- Independent Siemens EWSD cxchauge to familiarise SAPT with the
' UsSnterface, LAF-D protucol and various terminal adapters. : .

*  PHASE 2- The ificorporation of an Alte.ch SAIZBE exchange. 'I'he F..WSD and
" SAI28E exchanges will be linked to form an ISDN, In this pilot phase, SAPT will
evaluate end-to-end working between terminals oonnected to each exchange as .
well as §57 between mmhanges : . 3

= PHASE 3 - Imuauon of thxs phase is dependent on the successtul outcome of
' Phases 1 and 2. ThlS phase atins to eva’luate the marl‘et potential of an JSDN in -
_ South Afnca. : : '

AftcrallthreephaSesofthnpllctSchemehavemnthmrwurse,SAPTim'llmakeadeclsmn-' L
" based’ essentially on market -place vaabihty, whet.her 10 proceed with an ISDN in

 South Afrwa.
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3 THE SAI’T CAIILE—PLANT
3 1 Introductlon

E The deww ~f any transnus&on system is heavxly dependent on. the charactenstlcs of the
fransp.  >dium, Insome instances the demgnerhasaeertau: levelofﬂembilrty inchoosing

- of specxfymg the salient parameters of the transmission medium. In the case of an ISDN
U-interface, the designer has absclutely no conizal over this aspeet of the system. and is
forced to design a system capable of worlﬂngmthm the constraints of a network whn:h was

* never intended for digital transmission. The subscriber loop in the PSTN was ‘obviously
" designed with voice telephony in mind, especially if one considers the latter’s rather limited

- nominal bandwidth requirement of 3,1kKHz and upper cutoff frequency of 34kHz. In
conirast, practical digital transmission techniques rely on spectral components which are
an order of magmtude or more hlgher in frequency than those of voice 1elcphony

Wlﬁl the nbove in mmd thls chapter m!roduees the reader to the fundamental propernes'_'- B

of a "typical” U-interface II‘ﬂlJSm]SSlOD line. Comphcaung matters somewhay, is the fac: ihat
- a "typical” transmission line may consist of a variety of different cable types and ganges. -

. This fact has been compensated for il most U-interface designs through the use of ada-mve
'techmques wlnch will be covered in a later chap.m _

3.2 ‘Basic 'Transmlssmn _Lm: Theory

A transnns_lon Ime can be .. delled by lumpmg together an mfimte number of sections ot‘ '
the circudt shown in Figure o S '

az
ﬂ__r\w e sty
- v(z,e} . L S {]%va— LAz |v= éﬁ,z,t}
iz " T T iz Ay

z— [ . 0z Hz— |

* FIGURE 3.1: EQUIVALENT CIRCUIT OF A TRANSMISSION LINE
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AZ repfeséﬁts the incremental length of the secinn and L, R, G and C are known asthe '
. primary parameters which completely characterise the transmission line. L R,GandCare -
defined as- the inductance, resistance, conductance and capacitance per umit length

" The voltage and 'cﬁrr__er_:t on the line is governed by the following set o’f'p'artial differential

- equations:
Cpetz) szt : oo
meO. Rz, - LY . RN 5V
_._."_._..ft;z-f’:»c;u'(z.t')%c!—*""._(ﬁ_'”' e 32

Assume 4 trapsmiséipxﬁ fine driven by a voltage generator V ,«ith internal irpedance Zg,
and terminatedina 1oéd'impedanqez_;.'For a sinusoidal signal, V ,, the steady state voltage -
and current on the line are given by - - C '

U(Z,i)“(A;E-YZI'FAQEY")GM_.. . § ’ . - (3.3)
;('z.z)a'zinu-,e'"—Azeﬁ)eM S G

- Ayand Agare constants dependent onV g, Z¢ andZ .. Thee “¥%erms Tepresent harmonic

waves iravelling in the direction of increasing Z, dirninishing exponentially in amplitude as -
- it travels, Similarly, the e*¥* terms represent harmonic waves travelling in the direction of
decreasing Z, ie. from load to source. ' : '

' '_ Z.,and y are known as the secondary parameters of the line, Théy_ are defirted as follows:

-'.Z.,__='JW'=..R',+ jxem Chttff_actgris_ti;::' | im pedanrce | o _:(3-5)'
v_=W'=u.._-+ jﬁ.-propag_ation_ factm;”.. : o ' (3.6)
Z;3+:j'wL$ser1§§_ impe'c:ianc{.a_ - ' | .(3,’?)_. g
ch'?r ;wc;gmf admittance ey

dand pare knowu respectively as the_'atténuation'aﬁd phase factors, In travelling forward

a distance ! metres, a wave will be attenuated by «cl nepers and undergo a phase shift of Bl
" radians - ' : U L
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The. primary patameters of a line have thus far been assumed to be independent of =~
. frequency. Over a wide range of frequencies, this assumpuen does not hold true due 1o a

number of eﬁ:‘ects viz; skin effect, proxmuty effect, and eddy current losses (cf [7] and [9 ]) |

3 2.1 Skln Effect

- The s_kin cffect re.feIs'r.o the tendency of alternating current to concentrate tuWards_ the

surface of a -conductor, The effect can be attributed to a.limited penetration ‘of . -

electromagneucﬁelds into the conductor. ‘The skin effct canses an mcrease ini conductor -
resistance as we.ll as a decrease in conductor sel-inductance w:th mcreasmg freque.nmes

'For @ plane conduchng stab of mﬁmte th1ckness, the normnal skm dcpth at an angular '
frequency W, 1is ngen by : '

172 - - : | B
5={a5) R N X
- where iis the conducior permeability and.
o'is the conducﬁvily '

For aroond conductor of fimte dlameler, the expression for 5is more complex, involving
the Bessel functions ber, bei and thelrdenvau\res

The correcuon factor (Ts.. Yfor the a,c, resistance (R o) of a round cunductor taking i mto

‘account the skin effect, is given by:
Ruu = Tsr*R'dr . . . '_ . : (3'10)
where R, is the conductor’s d.c. resistance,

T, is defined as:

Taemq/zvFe o o ew
wheo ge (ErEmELE 61
and _ _F,—MNQ)SH {a)~BEI(Q)BER () e . (3 13)

eBE e (BER )R
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322 Proxlmny Effect

' The skin effect factor descnbed by equatmn 3.11,3.12 and 3.13{s exact under the condition

- __:ofumformmagnencf‘ eldmtens‘tyamund the conductor surface. Thlscondltron isgenerally

valid in the case of a coaxial cable and open wlre line. Inthe case of & t_w_istcd-pal_r telephone

. cable, however, the close proximity of the return conductor causes field distortion. This in-

© turp increases the a.c, resistance by a further factor; the prmumxty eﬂect correcuon factOr
- for reastance (‘I’p,) T o :

(Tar ) can be approxunated [10} by the followmg expressmn
To=(1- (%J a@)™? L aw

where  dis the conductor diameter,
sis the conductor centre-to-centre spacing.
q is the defined by equation 3,12, and '

a(q) is approximated [11] by:

a(q) = 0,526 {1 + tanh (1.14 e @15y,
' Cdﬁlbhﬁng .the skin and proxumty effectS fesul_ts inan ac. ?esi#t'anr:e givenby:

: hf,,c_%gg,c.‘*%,-,*r,, o o - 318
| _3.2.3 EDDY C;‘llrr;ant Losses

In a cable containing a Jarge mamber of current-carrying pairs, additional losses in a
particular pair can be attributed to eddy curtents in surrounding pairs. The effect can be -
‘modelled by an additional onmpunent mtha conductor Tesistance, y1e1dmg a final estunaie

for Ra.c. as shown below: - :

_a.c.= Rﬂ..:.*:'Tsr*Tpr* QR, o - . ) ’ S (3.17) .
A R has been approximated as follows [12]:

AR, = AR/10 for g>3

1

_A'R; AR/16 for 2,5<g<5B

AR, = AR/24 for q<2,5 = L o B X B

|
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where AR = @¥tRa. @)

. q, dands h'aving been prévibusly deﬁned" -'

_ 3.3 Plotied Cable Characterxstlcs _

'Thls section presents graphs of the pnmm‘y arid secandary parametess vs' frequency of a

variety of cable gauges and of a type typical of a SAPT subscriber loop, The figures quoted -
are based on those found in referenoe [13}, and although these ﬁgures are smm]atad ralher
_ than recorded they fairly closely approxm:ate real telephony cables,

" The SAI_-‘T cable—p]z_mt is cumpnsf_:d to alarge extent of fou:icabl_e_ ga_ugés, viz; 26 _A.W-.'G.

(0,4mm), 24 A.-W.G. (0,5mm), 22 A W.G. {0,63mm) and 19 A.-W.G (0,9mm). The insulating

medivm is also vari:ible, depending on manufacturer and date of instaflation, the most

| cOTmon being Polyethelene Insulated Cable (PIC) For the puzposes of t}ns report, onlv '
PIC cable wﬂl be considered, . .

Flgurcs 32 33and3. 4plotR,Landeersusfrequency forthefounwm—gauges Flgures 3. S

and 3.6 represent the maguitude of characteristic impedance (}Z |}, while Figure 2.7
represents the phase of Zg. Figures 3.8 and 3.9 are plots of attenuation (alpha) versus
. frequency. The graphs have thus far all been plotted at ‘room temperature”, {e, 21°C. To
gain insight into the effect of tampe:ature variation, Figures 3.10 and 311 are plots of
attenuation - =rsus frequency, characterising cables at thre.e distmct temperamras, :
-18°C, +21“Cand49°c ' : '
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FIGURE 3, 4 PRIMARY PARAMETER "G" vs FREQUE‘QCY _

" 'The pnmaryparameters R. Land G as depicted in Figures 3.2,3.3 and3.4,all behave more
- or less as expected. Their values remain fairly constant unti particular frequenc:es ‘when .

. effects such as Skin and Proximity come into play "G* is seen fo be low enough to be
" meglected at frequencies below 100kHz, whereafter itplays an mcreasmgly more unportam _
'role especlally as regards the thicker gauges S

An xmptmant transm.lssson ]me parameter 1 that of charactenstlc 1mpedance as defined
by equations (3.5), (3.7) and (3.8). Figures 3.5 and 3.6 depict the characteristic impedance
magnitude, | Z, |, Figure 3.5 leaves one in no- -doubt a¢ to the enormous range of values Z,
. canassume, albeit over a fairly broad frequercyranga of THzto SMHz, Figure 3.6isplotted
“overa srn_aller frequency range, vizi 10kHz to SMHz, yet | v s_n‘ll takes on a considerable -

..




spread in value. This fact, couplad toa substantlal vanabnhty in the. phase ofz As shown )
ybrid (ao\rered m .

in Figure 3.7, causes the effectiveness of the 1mpedance matchmg h
Chapte.r 5) 10 be severely lnmted. . : .

FREQUENCY tHa) - X
A0 & 20 ANG A 1AM

o A0 L

 FIGURE 3§: {Zo| vs FREQUENCY 10KEiz - SMHz
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Transmission lite attenuation is a parameter of prime concern if the ‘design of the
‘U-interface or any other transmission system for that matter. T_hé importance can be
auibuted to the fact that the maximum reach of 4 transrission system (within specific
error-rate bounds) is strongly dependent on th attenuation of the transmission medium.

Figures 3.8 and 3.9 represeﬁts atienuation versus frequency at "room temperature’,21° c.

" As f;xpe_cted, the at_tefmatian is greater for the smaller cable-ganges (mainly as a cesult of
* larger values of "R"), and rises fairly sharply above 1MHz. : B
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"Two approaches are possible when specifying the maximuni transmission range or reach of .
a U-interface, The first involves 2 detailed specification of the cable-makeup including the
primary parameters of each cablefection comprising the subscriber loop. 'I‘h:s method is -
fairly precise butit has one drawback, viz; it requites the availability of cables which conform
- -exactly to the tabulated cable parameters - 2 scmewhat difficult requirement, The second
method offers a less rigourous approach, in that precise cable characteristics are not
specified. Rather, the maximum reach is Spemﬂed in terms of the atsenuation ata reference
1reyo2ney over which the trensnnssmn system can attain a specified biv-error-rate (BER),
The refefence frequency rnost generally specified for the U-interface is 100kHz,

-AS an example, assume a U-interface is specified to operate with a maximum end-to-end °
attennation of 50dB {at 100kHz). In order to appreciate the types of subseriber loops over
which the systera will operate; the nominal atienuation factors of exchiof the four commen

" cable gauges must be provided, Table 3.1 quotes these values. :

GAUGE [AW.GJ . ATTENUATION JOB/ken]

26 : 11.0
- I T
B T ¢ T
19 1. - 36

o TABLE 3. 1 Attenuaﬁon @ lﬂﬂkﬁz Vi CabIe Gange

 With reference to Tdb]e 3.1 therefore, 4 SUdB attenuanoa reqmrement can be met wnh '
thie fo!lowmg example cable—makeups: : :




¢5km@26AWG.
| 2 139km @ 19AWG. ' : o
3. 2km@26A.WG +2km@24A.WG+2,4kmOZ?.AWG _

. Litfle cunmderamn is usually given to the effects of temperature on fransmission line o

performance, yet Fxgures 3,10 and 311 mdlcate. that cons1derable wariations in attenuatlon
" due to temperature can gocur.

. 7o.mmg
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FIGURE 3.10 : ATTENUATION vs TE! {PERATURE 1Hz - SMLL
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Table 3.2 lists the attenuatmn factors as ﬁmctmns of freqpency for a26 A.W G cable. -




_ ATTENUATION . {  TEMpERATURE .|
@ 100Kz [k fem] [ocy
s r . s
e - oo AR
120 B L

TABLE 32: A(tenuatmn @ 190!{!-1: A Temperature

' Usmg the premous example of 50dB o[al]nwable attenuation, lhe fo!lowmg suhecﬁber leop ranges would be
pessi’ble (assuming a single length of 26 AW.G, cable) _ .

-S, Skm @ ~17, 8“C :
'_-4.Sk-m' @ 21,17
~4,2km @ 48,9°C
Whilz the lower temperature isunlikelyto beattained v."ithin the South African environment

the higher temperature approaching 50°C is quite posmble in certain areas, This is
~unfortunate as the maxirrum aftéainable range diminishes with increasing temperature It

is for this reasonthata mmgm dueto temperamre be incorporatedintoa U-mterface range '

specification. o _ _
34 "I‘.h'e SAPT Suh’seriber;Leop Prot‘ile

An 1mportant prereqmsnte to accessmg South Africa’s U-mterfaee reqmrements, is the

availabiliy of subscriber-loop data, viz; cable- makeup and atteruation. Unfortunately, only

ofe styvey is known to have been undertaken by SAPT to gather such data, The survey was
extremely limited in thatisinvolved the sampling of a mere 40 circuits in a single subscriber
area, viz; Pretoria. The results of this survey are presented in the form of ple graphs shown
mFiguresSlZand:-!lB . :

Figure 3.12 plots the pbreen_ta_ge of sampled circuits which fall within the lengths shown an
each slice of the graph. The plot it somewhat incomplete in that no information regarding

the make-up of each circuit is provided. Noththstandn1g this limitation, the graph show5'_'_

that 96,79 of all cireuits are equal o or less than Skm in length and 92,79 are no greater
than 4km in Iength : : .
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FIGURE 3.1% : SUBSCRIBER LOOP LENGTH STATISTICS |

Figure 3.13is arguablymore meaningful than Figure 3.12,inthatthe former provides insight
into the subscriber-loop attenuation statistics. From this data; in principle, a U-intetface

could be designed t« provide a p_e.rcéntage of subscriber population coverage.

SURVEY — PRETORIA AREA ATTENUATION
> 4(“1050 &1&?&,}!1’5 SAMPLEDJ .
I.

540 ¢B (3.3%)
30-35 48 {5.3%).

FIGURE 3.13 : SUBSCRIBER LOOF ATTENUATION STATISTICS




' Figure 3.-13. imp'}ies_thai_'?l% of the subscriber circuits sampled proifide altenuﬁiidﬁ.of 3048
orless while, 98,2% o_fill circtiitsprovide no more tian 40dB attenuation. Figure 3,13 miust,

©* however, be viewed within the limitations previously mentioned.
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4 LINECODES
. 41 .In__tl_-bt_lu'ctii.m. '

In digital baseband transmission systems, it it generally not aceeptable to ontput digital
 signals to line in the internal binary format. ‘This is due to the fact that the familiar binary_ E

' _-'code possesses certain inherent dmadvanmges, making it unspitable for 2. variety of

requuements essentlal to t"~ operation of a transmission line system. To meet. these .
requirements, 2 multitede 0, ; e codes have been devised, Of the large rumber of Jine -
" codes which have: baen proposed, compatahvdy few have found the:r way mto practlcal

' systems.

- No one line code is 1deal for evezy apphcat o, However in theory at least an 1dea1 mde -
shonld comply W1th all the fallcmng requlrcments* . :

The code output to line should be such that it: .

a) Comreys adequate timing 1nf0rmanon..
_ 5)] o | Does not create ast_anding-d,c. potential_ onthe tra_nsmissioﬁ line. -
¢  Doesmot contain low frequéncy signale which wbuld affect AGc p’erformaiﬁce.
. d) Reduces the symbnl rate which in turn limits the maxlmum line frequenmes
e Enables error-mumtormg 1o be performed.

411 Adequate Timing Information

The conveying of adequate timing is general]y reqmred 10 facihtate extraction of clocking
information from the received signal. This implies that sufficient zero transitions must be
present to maintain the resonant tank cirenit or phase locked loop in the veceiver, Binary
NRZ coding lacks adequate zero-transition content during prolonged strmgs of ones or

" . Z&ros.

Tt must be noted that in the case of line codes which do not possess adequate timing
. mfnrmatmn, other techniques of clock extr action can be made use of, such as, for example o
the superposition of a pilot tone over the trausunrted s;mbols. Th]S lattertechmque ismade
'gond use-of in the DSP144 chipset, ~ :

- -30-




" 412 Standmg D.C. Potentml

. Examination of the binary NRZ and RZ mguals show ﬁ‘at both havé u significant d.c,

. component. Abinary codeisa two level signal inwhicha bmnry one represents curtent or - o

potenual to lme, wlnle a bmary ze10 represents the absenee ef cufrent of potential

Over a short penod, the a\rerage de. putel.‘tal is gwen by

Average’ d.e. = T"‘“_‘h:':r:{’ t?“;‘;u““” x "peak-' potential  (4.1)

1t follows from equation (4.1) that in a nornial seqitence of binary codes going to line, the.
-average d.c. potential will vary as shown in the example of Figure 4.1. . :

SIGHAL

AERASE : S o ' S

Y
POTENTIAL -
, :

FIGURE 4.1 : AVERAGE DC POTENTIAL OF A RANDOM BINARY SEQUENCE

o ; 1 . S
"‘he undesirable effects of a varying line d.c, potential are as follows: -

*  Anyd.c. signal component tends to disturb the differential between the pre-set
threshold level and the average d.c. component of the line 51gna1 atany line s:gnal _'
_ detector in the syatem
*. -The low frequency sagnal could cause the AGL cireuits to operate incorrectly,
o Equahsauen of low_frequenmes is more difficult to achieve. |

4.1.3 Reduction in Symbol Rate -
Probably the most important requirenient of a line code in the context of the U-nterface -
is the reduction in symbol-rate, The advantages of reducing the symbol-rate are essentially '
twofold. Firstly, Figure 3.8 in Chapter3 shows that a trausmission Jine’s atrenuation
increaées with frequency. The maximum aftainable range is therefore dep ™ndent on the -
 spectrum of the line code, whiich for the purposes of line attenvation should be posmoned
- as ow in the frequency domam as poss'ble. . ' . : o

}731‘. .




_ Another advantage of symbol-rate reduction, is that of 'réducihg crosstalk (XTALK), jethe
unwanted transfer of energy fiom one or more dlsturbmg circuits into another circuit known ~
¥ as the disturbed circuit, XTALK will be covered in greater deiail in Sectmn d &, but sufﬁoe .
it to Say that xts effects are reduced byreducmg the symboi-rate_ _ S

_ In each ofthe threeU-mtarfaces examined mthlsreport, symbol-rate red o '.':t;aichieired _ B
._throngh the use of block-wdes 'sud:l as ZBIQ MMS43 and SU32. - o

4 1 4 Ermr Momtormg

W]:ule error-momtonng could nm be considered an- eSSent'al function’ of a-digital -
transmass;on system, {t t:ertamly constitutes 2 nseful supervisory function. By momitoring
E transmlsmnerrorsdurmgnomaldatatransm:ssmn,theteleeommumcamnadmlmstravon
~ is able to provide a faster fatrlt-repmr turnaround tisme than would otherwise be the case
" in the absence of error-monitoring. Certain line codes (gg MMS$43) ii.ve built-in
eTror-monitoring facilities arising out of a set of rigid coding rules, which, if violated,
* constifutes a transmission error, The errur—momtormg charactenstlcs of MMS43 will be
' discussed in a later sacuan S :

It must be stated that the absence of error-moni'tdring capabilities in a line code does not
preclude the inclusion of error-monito-ing per sé in a transmission system. Tn fact, neither
the ANSI 2B1(}, nor the BT SU32 specifications call for line codes which suppo
error- monitoring. The latter is facilitated through the i.nclusmn of & CRC code built into -
the frame-structure, which in turn increases the reqmrcd symbol-rata Thls topic will be
covered in detail in Chapter 7 .

42 Altema’te Mark Inversion (AMI)

AMI has been rejected for use in most U-friterface nnplememations due to its re]anvely '
high symbol-rate. Itis included here, however, since it setves as a useful bench-mark againat

which the other line codes can be compared Notwithstanding AMT's inferior performanc.e, -

it still ﬁnds many applications due Jargely to its mmphcuy of m:lplementatmn -

* Most code requirements can be translated into mnstram:s put upou the Runmng Dlgnal '
Sam (RDS) which is defined as [14}: .

RDS{R)_ - ZIZC.,*-RDS(U)' S : : .. - wz
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I._where C . cantakeonanysymbolvalue, S
RDS { 0) is an appropriately chosen cunstant and
RDS( L) is associated with the k’th dlg'lt of the m-ary

' sequency Cn.

- -In the mseofAMI(or any ternary code),c can assume the va.lues -1 0 and +1
'- Another line code parameter the e Digtal Som Vananon (DSV) is defined as foliows:
-_D_;_sv_ * RDSpuy - RDS,,,,,, . |
. Tl_m DS-_V: denote_s an upper b_ound of the _Igﬁgth of strings of ﬁicé p_nlls.es.. -
' AM'I is. dlassed as é 1B/1T code since one bmary syiﬂbﬁl 15 tanslated into .dn_' wrnary '.
symbel. It is not a true ternary but rather pseudo-terna.ry code, smce it compnses 3 states

“but only Zva!ues. (A true ternary cede has 3 states and 3 values).

' The codmg rule for the A_MI code is qu_lte simple: a "space” (bmary zem) 15 rspresented by
an empiy time slot (ternary zero), and 2 "mark" (binary one) bya positive or negative pulse,

the choice of which is made in such a way that successive pulses are of alternatwe polamy '

-regardless of the number of spaces between them.

A compact tabular representataon of a line code is the sn-ca!led coding table which for
AMI is shown in Table 4.1 [15] o

OQUTPUT WORDS

[ mnary
‘weUT | s 5
WoRDS | . _
' o oz
1 _ +1f2 11

© TABLE 4.1 : Definition of AMI Line Code

"§1 and 52 are the two alphabets which comprise the code. The number following the

"backstash" after each outpntworr‘ denotes Whlch alphabet is to be vsed pext.

The AMI code bas the followmg pmpertles

* ‘The average power dens:ty schtrum has £O d.c. component and very small - '.
C .Imv—frequancy components,
. - Cading and decoding circuitry are-relatively'simplg.
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S E&ur—monitpri.ngcﬂnbe acﬁievedbyobs_erving AMlIviolafions, -

' However, the AMI code isnot tfansparent, which implies thata Ioﬁg sequence nf spaces is
- encoded into an equally long dme interval. mﬂmut transmltted energy, resulting ina
- diminished tining-recovery capabihty. ' : .

'Ihe Power Spectral Demilty (PSD) of AMIis. shown in. F‘lgure 4, 2 T]ns pIOt (an::l thuse of -
' the ensuing 2B1Q, MM543, 3B2T and SU32 line codes) has been generated by a comp_uter
model'-as deseribedin reference [52]. The following assumptions apply in deriving the PSDs '
“of each code, Firstly, random equiprobabie binary data is wsed to drive _each encoder,
' Secondly, rectangular pitlse shaping with 2 pulse width equal to the band period has been

used in each case. Thirdly, the line coupling network comprises a transformer with asplit -
secondary on the twisted pair side of the line, bridged with a capaciior to altow for the

~p*vislon of DC power faed, (The component values are stated in [52]). Finally, a launcied
- power of IOmW inta 140 ohms is assurned for all the line codes. presented

" The baud rate required to support basic decess using an AI\_rII-Ime code is lﬁﬂkbaud. .

g
2
e«-....'_”.. | \
B S A A 10G 120 149 160 180 200 220 240 280 28O AUD 320
FREQUSNMCY [Khz]
. FIGURE42:POWER SPECTRAL DENSITY OF AM!
43 2R1Q

2510 (2 binaty, 1 quaiernary)isa 4-level PAM code campﬁsing noredundancy, The ingut
© binary sequenve is grouped into pairs of digits called dibits. Bach dibit in turn is then _
converted to a single quaternary symbolwmch is termed aquat
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' 'The.corwersmnt‘romdlbltsthuatscunformstoTabIe 4.2wh1chreprcsentsamnglealphabet -

_cade
. ERSTHIT SECONDBIT . | QUATERNARY SYMBOL |
{sIGN) (MAGNITUDE) ' {QUAT)
S | s Y B
B 1 ¥l
0 1 a -
'o 0 -3

TABLMZ 2810 Cuding'l‘ahle :

Thefourvalueshstedunder"QuaternarySymhol":uTable 4, 2mustbeunderstood as symbol o
names, not m.unerwa] values, :

Figure 4.3 prasents the PSD of 281Q (SDkbaud) denved using the rnethods of [52]

g
Z
o 2 - A0 o .su" Taee 120 Mo 180
FREQUENCY [nhz] '
FIGURE 43: PO’WER SPECI'RAL DEI\SITY OF 2B1Q
44 MMS43

 MMS43is avariant of the line code 4B3T (4 bmary, 3 ternary) The coding able for MMS43
contains four alphabets S1 to S4 as shown in Table 4.3, The relatively large number of

alphabetshasthe e&'ectofmmimxsmgthe DSV which il fermreduceslow ﬁ'equency coment
in the power spectm.m S o .
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TABLE 4.3 : MMS43 Coding Table

‘Unlike 2B1Q, the MMS43 code does allow error-monitoring via eode viclations: By
examining fhe outputs corresponding to the last 10 binary words in Table 4,3, it is seen that -
certain oﬂtpms' are not possible under partiéular alpha}:iets. For axample, if the ternary
' triplét ++0 were received, and the alphabet in use was $2, a code violation would be
registered, since this particular triplet is invalid in the 52 alphabet. In fact, in each alphabet, .
3%-2*= 11 ternary words are mvalid aad would thus constitute cods viclations,

Figure 4,4 is a plot of MMS43's PSD.
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-4.5 sus2 |

SUS2 (substitut onal 3B2T) is a variant of 3B2T (3 binary, 2 ternary). It was developed by
$TC (UK) and is nsed in this company’s U-interface chip set. The code is based on the
3B2T code as shown in Table 4.4 [16] :

BINARY TERNARY

INPUT * - OUTPUT
0 . -
ol ]

‘me -
ot B
100 - U,
bl S 4-

.10 T +0
it ] ' 'y

vmwnm ' 0o

‘TABLE 4, 4 ¥ ’5]32'1‘ Codmg Table

. The codmg scheme compnses essemially 2 stagas. '1"he first Stage Spllts the i mcommg data -
into groups of 3 bits (tribits), cun\rertmg each tribitinto a two-symhol ternary word accordmg :
to Table 4,4. The output of the first encoder stage is then compared with the two prevmusly
generated symbols. Xf the present and previous sets of tertiary symbols are identical, the
present set is replaced by fwo zero symbols forming a violation of the normal eoding rules.
If the same tl:tree bit word iy recewed again, it will be. encoded norma.lly acmrdmg o
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Table 44 and the outputwill continne to alternate between the code word and thev:olauon. A -
. From'the above. discussion, it can be deduced that ‘the maximum number of consecutwe .
o 1dent|cal ‘symbols in the SU32 output is four. ' :

The descnpt:on of SU32 ¢an be converted into a codmg table for pmeesmng accnrdmg to
" [15]). The tn-a]phabet SU32 code is shown in Table 4.5, : :

: B_INARYINPUI" mamv_omi-w_' E
' - ) B2 |- 83
- 000, . wife ] aop o2
. E R T2 I SR PR 5
pp 7 NS ST ¥ T Y |
i1 | es+pr o+l R 2y
C e TR, AR A T S A 1
S ' +-f1 +oft L4
ia +0f1 +01 + 01
m A ey ++/2 | 001

TABLE 45 SU.:Z Coﬂmg Table

Figures 452and 4.6 represent respectwely the PSDs of SBZT and SU32
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The advamége which §U32 offers over 3B2T is essentially in terms of A/D requirements.

Tt has been observed that a small butuseful. sawng inA/D dynamlc range may be facahtated
tbrough the modification of 3B2T into SU32. -

- 4.6 Line-Code Performance

In the dlgltal subsmber loup, near-end crosstalk (NE.X'I‘) is ouns1dered tobe the dominant
source of noise, Flgure 4.7 shows a schematic representation of the crosstalk mechanism,

r-\ ~—] CABLE }

[
v

/\
r

' FIGURE 4.7 : CROSSTALK COUPLING MODEL
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- The crosstalk arises from the coupling between adjacent wire pairs in multicore cabl'es due o
to cable pair imbalance. It is characterised by 2 power transfer function which increases

< with freque.ncy and couples a propor'uon of the mterfenng signal puwe.r mto the system'
-under consideration, . . _ . -
The c;'oéstalk power _transfer'functi'on has the effect of f'avotlrixig linecodes which reduce
. the required bandwidth, and hence result in lower noise power, whichin tirn offers agreater
potential improvement in signal-to-noise ratio. Since the symbol raté of 2 transmission -
systemwith a fixedbit-rate canbe reduced by implementing higher levelfine codes, it would = -
appeat that performance increases with increasing code signalling levels. Unfortunately,
" the number of levels cannot be mcreased indefinitely, as the spacing between transmitted
levels will be reduced, resulting i a lower tolerance ta noise at the detector. Figure 4.8

- verifies this fact by presenting plots of Signal-to-Noise ratios (S/N) versus-symbol

error-probability forvarioﬁs m-ary codes (assuming gaussian noise). It can be observed that
fora speclﬁcd enor-probab;hty, hlgher SfN ratios are requu'ed for hlghcr values of-
sxgnallmg leveIs :

PROBABLITY
oF -

ERROR |

n=16

1("‘"B".l-l"'ll-t't 1
10 14 18 22 26 30 34

' RATIO OF ‘AVERAGE SIGNAL POWER
to AVERAGE NOISE POWER, dB

FIGURE 45 : SYMEOL ERROR-RATE vs /N OF N-ARY SIGNALLING
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The abovementinned two compenng factors suggest that, for a gwen pmbablhty of errm-, - B

there exists an optimum number of transmltted lew:ls which maxirmises the range of the

L 'subscnber loop.

It is T:leyond the scope . of th:s repori to present the underlymg mathematical prmmples of
" crasstalk analysis for various line codes, Excellent coverage is given in references [17], [18].
(19 and {20}, The results of these mvestIgatmns are ptcsented helow '

.. 'The results obta.med indicate that substantial i 1mprovement in the ra.nge pcrformance, over “
 that gbtained with 2- or 3-level line codes, is possible with 4- to 8:level signalling, and that -

further improvement can be obtained by using 2 DFE as apposed fo a linear equaliser. =

" These conclusions concur with those of the ANST T1.D1 committee in the United states, -
" whichhasset the standardforthe basicaccess rate of the ISDN U-interface, with the current
B standa.rd now incorporating a4-level PAM code, viz; 2B1Q [43].

_As far as 3-level codes are concerned, reference 18] predlcls an ordcr of i increasing
' performance of AMI, MMS$43 and SU32. For a detector signal to noise ratio of 21dB
- corresponding to a BER of 10™7, the attainable ranges for AMI; MMS43 and 5U32 are
" - 45,048, 50,3dB and 54 SdB_respecnvely, all ranges being meas_ured at 100kHz. - -
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S ECHO CANCELLATION ANDDFE
51 Introduction

- There are basi_éally four methods of bidirectional full-duplex transnnssnon on a'single p_air:..

- . Fr'e:queﬁcy'Séparaﬁo'n,_ o |
*  ‘Time Scparation.
= : Dispersion Separaﬁon
o Hybrid and Echo Canoeiler Sepa:atmn

The first three techmques are mfermr tothe hybnd separation techmques andwilltherefore
- be only briefly discussed. The vast majority of systems that achieve the reqmred U-interface

transmission range of approximately S0¢B at 100kHz rely on the hybrid and echo canceller. '
.- The rest of thls chapter wﬂl therefore be devoted to EC techmquas

The DFE i5 a structure whmb is very smnlar to that of the EC. 'Ihe DEFE wh:ch it essenual- o
to the operation of any viable U-interface, is therefore included in this chapter.

.5-.2 Noil—EC Séparation Tech#iques o

_ 521 Frequency Separation '

Frcquency separation or Frequency-Division Mmtlplexing (FDM] as it is often termed,
relies on the choice of different carrier frequencies for each direction of transmission. The
carrier frequericies are chosen so that the signal spectra do not overlap, At the receiving
end, the far-end signal spectrum is separated out from the local spectrum by
_bandpass—fﬂtering. ‘The disadvantage of FOM s in terms of bandwidth, which has to be
- more than twice that of a_m:idirectioﬁal system to allow for prai:tif:él separati_dn filters. It
{5 therefore not surp:_‘ising' thatno U—interfacas employing FDM techniques have emerged,

522 Time Sepa.ratmn

- Tum separation, or 'I‘une Compression * ‘hplemng (TCM), kaown also as burst o
- ping-pong mode, is a techmque whrel , 2 directions of transmission are separatefi :
mtlme. o '

The input data is loaded into a buffer at the user-rate (eg, 160kbit/s) and then v.w .ked onto

the cable-pair at an increased rate {eg. 384kbit/s). The increased line-rate is to allow for =

data to be received in the reverse direction during periods when near-end data is not being
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"transrrntted. The bm'sts are tied so that data is altemately 1ransmmed and recewed and . -

since the user’s datais atarateless than half the line-rate, full duplexcommuntcauan from

. - the user’s point.of view is  possible, Burst-mode is: wasteful of bandwidth as hoth cable .
propaganon delay and a guardutlme between tra:nsmlsswn and. reeeptmn have to he

_ accounted for : : ' : :

The TCM system does, however have one advantage over the EC techmque The_ '
transmitters of a number of co-existent systems can be synchronised stich that all systems

will simultaneausly output datatoﬁm-; "This virtually eliminates degradation due to NEXT. - .

A nnmber of TEM systems, mostly from Japan, have emerged a5 comenders for the
U-iriterface [23), [24]. These are all considerably inferior in terms of transmission range
‘which are of the order of 40dB fit IOOkH‘ The TCM systems are, however, far srmpler n -
respect of zmpiementatmn '

523 DlsperSlOD Separation

Dispersion separation relies on the use of transmitted pulses that are very short in
comparisonwith the time availableper bit, In contrast, the shapes normally used for received
pulses are dispersed, occupying the whale avaflable-_ﬁiﬂe. Itis then NECESsary to gate out -
part of each received pulse in order o provide sufficient time for a pulse to be fransmitted.
With this. scheme, the loss of signal-to-noise ratio in co npai-ison with unidirectional
transmission can be quite small, even if the phase. of the received pulses relauve to the
transmltted pulses is not known. : .

5.3 2/4-ere Conversion By Hybrid Transformef'

-In an ordinary subscriber loop, 2/4-wire conversion is carried out by a hybrid trgnsformer,
~ according to the principte illustrated in Figure 5.1, : '
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FIGURE 5.1 : HYBRID TRANSFORMER-SCHEI\MTIC

The hybnd transformer has its hmnatlons duc to imperfect matchmg of the termmatmg
irspedarices, as the line impedance is not | ert‘ectly known and cannot be simulated by
discrete components. Because of the hybrid mismatch, the transmitted signal Vy, reaches
the receive impedance Zz, feeding a component of V7 viz; V' to the receiver. Another part

of thie t:ahémitted signal is reflected from impedance irregularities in the two-wire cirouit,

‘This reflected component also ends up in the near-end receiver, "'he combmed effect of
both imperfections can be thought of as "echoes”, -

“Whereas in speech, the echoes are only harmful if large delays exist such as in satellite
communications, infull-duplex data communications, the echo canbe disastrous. The delay .-
of the echo in this case is .numportam, cnly the relative level is relevant.

5 4 Echo Cancellatmn

 Echo Cancellers canbe broadly dividedinto 2 categones dependmg on thereference mgnal
' agamst which the cancelled mgnal output js compared, These arer

: (A) Zermreference E«mo Cance.llers (ZREC’S) [25] r31]

(B) - Nonzero-reference Echo Ca:ncq]lers (NZREC’S) 32]-[33)
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. The fofmérs&eﬁre_ i8 hi_ised on minimising the canceélled $ignal (or receiver inputfollowing
the Echo Canceller) when no far-end signal is present. The far-end signal can be seenas a-
source of additive ncise which should be uncorrelated with the. near-end signal. However, -

. due to the usually present fa:-end signal dusing - full-dupléx transmission {ie:

"double-talking"), ZREC's requn'e a small step 51ze thus 1mp1ymg large convergence nmes
33). o . _ :
Tﬁeir'maiu.'ad\)amage' over the NZREC's is their independence of .receiver performance '.
as they do not require the receiver output as part of the adaptatmn Process, 'l‘hls i turp
: sn:nphﬁes the E.C’s 1mplementauon. :

'IheNZREC algthS are mtheorynot a.ﬁectedhythefar-end mgnal, since the adaptation
reference is derived from the receiver output, fe. idestly the far-end signal is subtracted
from the adaptation reference signal, They therefore offer faster cunvergence than the -
ZREC slgorithms at the expense of increased EC cumplexlty

The three U-interface unplementatmns covered in this repon aré all based on the ZREC
This' chapter will :herefore focus attention only.on zero—reference algorithms. '

The ZREC algorithms differ pnman_ly in t_crms of their raies of :onvergence and complexity
of implementation, The rate of EC convergence is in general an imporfant design criterion
-since it gives an indication of 1 1¢ efficiency of the transmission system, A large convergence
time means "wasted time" in terms of data throughput, as reliable communication is not
- possible during EC convergence. In the ISDN basic access context, la:ge EC comrergence
times 1mply large call set-up times.

There exist 2 nummber of algorithms for updating EC caef.flcxents, viz; Least»Mcan Squares
: (LMS), Lease-Squares (LS) and Fast—Kalman. ' :

: 'I'he LMS algorithm is the most mmmonly usede-mterface mplementatlons as the. other
two algorithms suffer from numerical iustability and computational complexity, This report _
will therefore dJIect attention at the LMS algorithm alone.” :

54.1 LMS Algonthm

ConsrderF:gure 5.2,ablock dlagram ofthe near-gnd full- duplex NenvorchrmmaungUmt '
(NTU},
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FIGURE 52 : NEAR-END NETWORK TERMII\ATING UNIT (NTO)

The echo mgnal is modelled as a result of "leakage through the hvbnd frmn transmnter 10

receiver, This "echo path" is essentlally linear and is larpely time-invatiant; the small’

variations being due to envirommental ﬁuctua_ltmns, eg. temperatire.

'Thg echo cancellation Is achieved by providing a pafa]lel path between transmitter and
- receiverinwt ichareplica 8(k) of the echo (k) is formed using an adaptive filter, the former |
: then being subtracted from the echo signal leaving only a remdual echo r(k) given by:

9 = s(4) + n(k) +e()80) 6D

* where s(k) is the recexved East signal (or far-end signal), and n(k) is additive noise. ' The
residual signal r{k) formsboth thz input 1o the West receiver and the reference mgnal used
by the adaptive filter for updating its coefﬁc;ams

An analysis is now made of the adaptive transversal filter with N taps' and N coefficients in
abidto arrive atan express:ou yielding information about the filter’s Mean~Squared-Error
* {(MSE) as well as the rate of convergence to steadjr state value

' The Transversal Fllter (TF)is qhownmbtockdlagramform mFlgure 5.3.1tshould be noted
that A ;represents the adaptation it for the 'th filter coefﬁment T represents dunit delay,
" je.a delay of one symhol of the mput data a(k)
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FIGURE 5.3 ADAPTIVE TRANSVERSA‘ DlGITAL FILTER

* It is common Ppractice in adaptwe fitter analysm to work with matnces, and hence the
- following vectors are intraduced:

"' .T'he West input vector:
a = [a(k), afk= 1) atk-N+ DT . ' ' (52)
* 'I'.he.echo p;tﬂi ;rectct.r.: |
o = 90 Gg VD B <)
+  The coeificicntvéuﬁr: | -
= [Coi) AR .cn-ltm " | ey
* The East iapnt vector:
by = [80K), BCE- Do LbeMeDT 69)
_' » .The transrmssion path vedtor: - ..
ho= [n(oy. TR{1Ye h(M LY | I 1)

' where [ denotes matrix transposition.
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Note thatmthc dci' niticn of the echo path vector 3 the assumption s made that the Impulee '
response g(i} is zero for N €1 < 0. The order of the TF (n:. no. of taps) must :herefore be-
chosen 50- a8 to accommodate this assumphon : .

L '-Lhc concept of dmcretc-hmc convolm.on.
e{k) can be expressed as!

m=g -

Cotk) = 3, a-magmy 6™
o ek = a3 * a_(k-t')_%;ctl_5+ .,a(s N 1aON - n
or e(!c) = _.G.'-k?-g | S oo e (57]3)
: Slml.larly, for thc reccwed s;gual | |

s(k) = bR o S R "(5.'8)_-.
- and _fromFigu;_e 5.3, the echio _relolica o
) - @ | "(5.9}

Recalling (5. 1) and mmbmng the received mgnal s(k) vuth the noise sagoal n(k) to forma '
 signal nfk) such that: : .

W =s+n®@ - (510

Hence 1(k) =_e(k)_—8(kj+u(k) S o .(5_..1}.31
=% .'r(k}.» = otk'"-g. - a,Cy + u(.‘:) - .. _ | . (S.Iib)
and - r(k) - a,f(g PR - (5119

Sinee itis desired to 'minimlse the cnergy or mean—square value of the residual mgnal k),
P (Ic):s defined such thau

: pm = E{r(k)"’} = Edm’(g-&) + ucm} cs.x_z')-

where E{} denotes inathem_a'tical expccianon.
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- At this stz Gilowmg assumpuons are rnade,
a) - Ve..tors Cx and Gy are stanstlcaily mdependent

b) 'West-end and East end’ mpnt data symbols a(L) and b(k) as wcll ay lhe neise .
B component n(k) are stausncally and mutually mdependem.

Q) a(k) and b{k) canhave values +1 and -1 with equat pmbablhty

Wxth the above assumpttons in mind, (5. 12) the.n hecmm.s

(k) - Fltg- ck) CHCR (g—ck} +-E{u2(h)}
'%> | pck) - E{g-Cu(g- cx)} U T '(5._1_3)‘. '
where U = :E{uz'(-k)} = uariance of- (k) e .tSI.IB.;i).

Note from (5.13} that p{k) or the Meau—..uquare (MS) value of the residual signal (%) isa
quadratic function of the flter coefficients, which has an absolute minimum Y for Gy = g

E25]-'
This fact is bome outby equatmns (5. 'Tb) ard (3. 9) where forCr=g, 1t is noted that e(k)
= &(k), and equation (5. llc) where r(k) u(k) with the same constramt Cr=g.

Consider now the gradient of p Uc)vath respect t0Cy whzch is deﬁnﬂd as;

Tpek) = (i e ) el
Frﬁm(5.13): |

pCk) = (g-taTgC + v
and from _(5.3. and (54):

(g-Ca) = [900)=Calkds §(1) ~Cy(kYuunrmnsg (N =)= Ccy (B)]

hence: .

-49 -




© g(0)-Golk)
| g{1)=Cyth
B = [3C0)-Cy(hY) FI=CLRY N =1 Euil). | A

: ‘.Q(’\"i}fcu-1(’5)

o P(k) [g® (0) ZQ(O)Cc(-‘G)‘*Cﬂk)]’f[92(1)-29(1)'@1(@+C'l.z(k)]"----»

et [N =13 20 (N - l)cn-lcrc)w R YU
Usmg (5.14) we ubtmn forV P (k)

vpLk) = —2[::(03 cnm gty- -Ci () eerer GON = 1) Cpa T
_ L _ -

vp(n = -2(g- ck) . | G
'Tptk) can also be denved from (5. 11¢) and (5, 12) 10 obtain:

Vacky = ~2E0 (R

Comparing (5.15) and {5. 16}, it is seen that Vp (k} gives a direct measure of the difference
betwsen the actoal value and the optimum value of the coefficient vector, the Jatter being
equel to the impulse response of the echo path. The value of (5.16) «an therefare be gauged

by noting that an estimaiton of the gradient can be obtained from a knowledge of r(k) and
a(K), the sesidnal echo plus far-end 51gnal and the input signal raspectwely

We can thus adapt the coefficients of the dlglml TF according to the fa!]awmg algonthm‘ o |

Cxa = cJt - avpck) o G1n

where ais the so-called amphﬁcatmn constant“

¥ Vp (k) cannow be esumated using (3.16), the coeff1c1ent yector C; can be interactively
updated using (5.17) and a fixed value of at. Equauon (5.17) characterises the "LeastMean
Square Rrror Gradient” a]gonthm, or sxmply the LMS algonthm. : :
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. Thcre exist three alternatwes 10 eshmatmg Vp (&) as gwen by (S ‘16) wathm a f:mte time
span, fe. wuhm a finits number of iterations. These esumatfanprocedures pive rlse to zhree .
defere.nt adaptanon algonthms known as the: S

- _.* L qurelatmnAl_gbnthm (CA)
* - Sign Algorithm (S4)
* . Stochastic Intefatior_l Algorithm (SIA)

* Each algorithm wil be briefly considered.
54, 1.1 Correlation Algorittr (CA)

‘\“:'p can be apprommated by a ﬁmte time average over K data mtervals.

tmka b

_ Vp(!c) ~ -3 ® 3 r(hal ; S -(5_.18)"

With this scheme, the npdaung is genarally performed once every K data mterva]s‘ The
-block dxagram of the CA is shown in Figure 54. :

T:(k—n)

Cotk)

ok ey ' o
LA @_ e AC{ LE 11

An . .12_00

FIGURE 5 44 BLOCK DIAGRAM OF CAADAPTATION UNIT
' 5.4.1.2 Sign Algorithm (SA)
Astill 5imp1er implémenfaﬁon, albeit at the expense of a rougher apprpxinéat_ic’m- to (5.16),
is based on the so-called Sign Algorithm (SA). The SA takes into account the sign of the
-Tesidual echo only, as can be seen from ils characteristic equation below:
| v'ptk'j - '-'z sign (FUOIx . {53%)

Equation (S 19) is lmplemented as showr: dmgramma tically in Flgurc 5. S
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FIGURE 55 : BLOCK DIAGRAM OF SA ADAPTATION UNIT

- 5413 Stochastic Iteration Algorithm (SIA)

Thisal gomhm i somewhat sunpler than the correlatmn algorithm froman mplemenlation '

‘point of view, since the Sia dispenses with the averaging function (18. K=1in (5.18)) at the
expense ‘of a rongher approximation to the gradlent as indicated by {5.16). The

' apprommauon 1o (5 16) then yaelds

Ya(k) = ~2r(k)os o . (529

The block diagram descrlblng the algouthm is shown in Figure 5 6. Thls algonthm will novy

' be dealt with in greater detail,

. | rik-"J A B
1 rJ" o g leto
. e . ) - il B )

FIGURE 561 BLOCK DIAGRAM OF SIA ADAPTATION UNIT

The SIA is charactensed bya combmanun of (5 17) and (5 20)

Chl = L v 2ar(Ba, S (5.21)'

C‘onslder now the dlfferenoe bemwen the received echo e(k) and the smmlated echo E(k)

" as'afunction of time; From (5.7b) and {5.9%
_e(k)_-e(k)wx Ygecyy . G
Denoting e( k) as the MS value of (5.22), one obitains:
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ek) = Edetky - E(K)1Y) = {[ § Ct)]} | (553;

o 'Re.cal]mg the assumptmns made earlier about the statistical mdependence of the data

symbols a(k) dsxve}l as the mdependence ofag from Cy, one can then mmphfy (5.23) tor.

e(k) = E{(g-C,)" (a- cm _' S (524)
" From (s 11¢) and (S:21): o
Ch] - = C.t “+ Lﬂﬂkr(k)
-es zewfakgecy ¢ um] 629

Replating X in the above equatio’n.with K+1, one obtains: .

Cr = Cpy * ng-;[a k=Wg-Ceyy + u(k~l)]

=> Cy = Cpq + ZGGR..,G E-1g-Cr) * Zaag-lu(k—l) (Ssz)

Subsntutmg 6 25b) inte (5. 24) and applying the prewous assumpnons about statistical -
independence, one finds: .

) = (1 - 4a + 4eNIE(G-Crn) (g-Cand) + 40PN (526)
where Uis.defined as E(u(k)).
Combining {5.24) and (S 26) one obtains:

ek = (1 - 4a 4a?N)[e(k=1) 4&"'NU} G2y

: .Tl_lis linear ﬁrsf-order difference equanon can _be salved to yleld,

=1 - 4+ 4a=N) T - sl o | s |

The dynamic behawour of the Stochasnc Interatmn Algonthm is fully described by & 28). .

- keeping in mind the ﬂssumpnons made prewously

The following conclusmns ‘about equamn {5.28) cant now be made‘ s
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For ¢ (k)7 U to-converge ask rises without bound, it s evident that:

a1 G *

(S 29a) ylelds the. followwg set of 1nequa11t1e5'

s0 - 4a=N <2 . (529h)

and

| 4a - AmzN >0 B ' ..(52.9';)'
(5_,291:) ylelds comiplex vahies for a(f or N 21 )hut (5 29c) ylalds thé ineqnalx;ﬁes:
E a > 0 | . -
and

1—aN>0 ar q<1/N

~ “This results in the. fo]]owmg raqmrernent for convergence

0 < o % WN ' S Y

After conv;e;gance, the ratio of residuat echo 10 uncancellable signal is givenby:

& = 10log ;052 = 10log1o ,‘_‘w [d.B] . '(s.soa)

since the first product on the RHS of (5.28) dacreases as k mcreases under the
condition of (5.29d), and vanishes in the limit, ie. after infinitely many 1terat1ons

A mconvergence rate numher V20 is mtroduced representing the number of

iterations reqmred 1o reduoe the residual echo by 20 dB, provided the linear

_ portion of th curve represented by (5 28) is considered, ie.

_'E(k) > ICCN
7 W uN

- With the above assum;mon in mmd (5 28) apprommates to:

) L (1-4ar (Em )"
7 .(140;4-(1}\!) ____1aN.

sh-




W (1 - e % 4aPN)* elk)U

' s'i.née (1 —__. 4+ _‘}_azNJ"_ -

-e(k)/e_(ﬂ_) . (1l - '4(; + da?N) -

 logpletk)/e(@)] = Kllogge (1 4a + sa®N)]

bt
hence *

_ and

L lenote(e)eto)] . T (5.30h) |

 loppell-4u+4ntN}

k= vy for 10logy [€(k)/€(0)] = -20{dB]

loguo [ECRY/ECO)] = =2 (5300

2 [iterations] o (5,30d)

V -3
20 loagg {1 - 40 + 467N)

“Equation (5.30d) ¢an be further simplified by noting that for practical applications, a very
small ratio of residual echo toun &1 cellable signal is required. From (5.30a) therefore, !
following requirement must 3 met: —_—

CaN<l

- (5.31)

Incorporating (5..31), ' gp approximates to;

Vo =

-2 L 4608 ' . o (5.323.) .

T (1 = 403 Ta (1 - 4a)

. From the Taylor Series for Logarithmic Functions:

1n{x) =

_ hence 1n{l -

NI VIR M CIIE S G B € 2t b *-'} ¥
2 {cx P eren ISy an T S

4q) = z[;‘_%} e o -' (532b)

. since higher -bfn_ier {erms afe negligible for practical valnes of a.

 Comibining (5.322) and (5.325) +
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. 4,605=(~4a) -
. 4.803:(2=4s)
Ve K T e

1,15 - 2,3¢
s _
'15 ’

v = B2 _' since @« 1 o (s.szc)

d

determines both the rate of. convergence and the minimum residual echo’ that can be
obtained. This s graphically verified mF:gures 5 .7 and 3. 8 where (5. 28) has been plmted :
for dlffereut valuesof xand N, '

l ' Equauon (5.30&) and (5.32c) show the 1mportance of the amphf'catmn constanta. 1 valuc -

M. of T.F. taps = 20

Aatie - Residual Eche t» Rx signai {2B}

- g . T T T :
" 16000 2000 - 4ntn 5000
: HUMBER OF ITERATIONS . o
Alpho = Q.061 - + . Alpha = 0.005 5 ‘Alphav 0.01

" FIGURE 5.7 : CONVERGENCE OF S14 vs ALPHA
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FIGURE 5.8 : CONVERGENCE OF SIAYsNG  * ' * TAPS

Note what at first gl’anc'a. seems to be g strange outcome from varying N, the ordef of the -
TF (ie. the number of filter taps). Both the rate of convergence and the minimum residual

- echo improve with a reduoction in N, ie, the fewer the taps, the better the perf4rmance. This

apparent paradox is resolved if one considers a fundamental -assumption made when-
defining the echo path vector g, represented by equation (5.3). For this eqﬁaﬁ_on tobe valid,

the impulse responsé of the echo path is required 1o be fully contained within the "span”of -
the TF ie: : : . ' '

gy = 0 0>i2N

All components' of the transmitted signai occurring after a time NT where T is the input
data symbol interval, will not be cancelled by the filter and will appear at the input of the
'receiver as an additional "nucanceliable” signal, This cbviously inereases the overall residual
echo. ' ' ' '

One also notes that since the filter output is a weighted accumulation of all the tap outputs, - -
the fewer the taps, the smaller the order of the input vector a, , Now from equation (5.12),
(g~C¢) varies only slowly with fime 88 convergenice is approached and U(k) is assumed to -
be statistically stationary. The MS value of the residual signal r(k) is therefore dependent
on the length (ie. order) of the input vector which is in tursi governed by N, the number of
filter taps (fe, p{ k Yincreases with an increase in N), ' ' '
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_- We summarise hy statmg that the fewer the taps the betler the performance of the EC .
prm‘rded that lhere are sufﬁaent taps to"completely" span thelmpm]se_ Iesponse o_f the echo’
 path. | S o
1t has been found by Verhoeckx 6t Al [25) that the Coirelation and Stochastic Interation
- algorithms offer comparable performance i terms of minimum mearn-square error and

rates of convergence if the value of cuis chosen careﬁﬂly ineach case, The added complexity
* of the former algorithm thus makes it unattractive as a solution to the eclo cancellation

problem, It has also been mentioned that the sign algorithm yields large convergence fimes - '

if the reI;mremcnt of a low minimum mean-square error is to be met.

Tt is for this reason that the SIA is the preferred algomhm in many present-day EC |
_ unplementatlous : :

55 Declsmn Feedback Equa]nsatlon (DFE)

. It could be argued that the DFE performs a comp]ete]y different functions to that of the
EC,and should therefore be covered in aseparate section. The fact of the matteris, however,
that the structure of the DFE is 50 similar to that of the EC, that the former warrants a
discussion i in conjunction with the EC.

' Fnrthermore, every oommerclally avaﬂable ‘U-interface chivset has a DFE inéoi-;iorated '
to counter the moderately severe Intersymbol Tnterference (1S%) encountered on the
subscriber foop at U-interface vignalling rates. A brief introduction to this topic is thus
- appropriate. For an indepth.coverage of DFE principles and techniques, the reader is
referred to the multitude of available literature [22), [34], [35] and [35), '

- The DFE has, as its ‘predecessor, the Iinear equaliser, The latter has facilitated the design
of equipment capable of successfully combating ISI in PAM data transmission systems
operating over noisy linear channels in which delay distortion predominates. Since linear
- equalisers are requlred to compensate for the channel f‘haractenshcs in the presence of

noise, they cannot be expected to perforin optionatly over severely. frequency-attenuatmg
* channels such as is the case with the subscnbar Ioop :

ngh sigrialling rat_as aver voicebaund cable channels place signal energy well within the
badly attenuated portion of the transmission spectrum, resulting in severe ISI correctable-
by linear methods -Jnly at the expense of a signiﬁcant degradation in SNR

- Alinear equahser, when combined witha “bootstrap“ technique, commnnly referredtoas
"decision feedback”, can yield significant performance imprrrement. The DFE, as this
' coxnbmauoms_lmown,prowdesfor_samplesof;_hepuISe taily {posteursors) interfering with - -

R




. '_'.subsequent or future dé.ta sjrmbols to be subtracted without incurring a mgmf:éant noise
* penalty. The effect of pulse tails {precursors) which occur prior to detection and interfere -
with past symbols is muumlsed by ] convnntmnal lmear eqaallser :

The DFE, deplcted m Figure 5.9, conmsts of two secuons, a feedfomard section and a
' feedback section, Both have taps spaced at the symbol interval T. The input to the
feedforward section is the received signal sequence {Vk}. In this rcspect. the feedforward
- sectionis 1dentxca1 toa convanhonal linear TF. The feedback section has as iis 1nput the

'scquence of declsions on prav:ously detected symbo]s { } Funcuanally, the feedback

: sechon isused fo remove thatpart of theISIfrom the presem estlmate caused byprevmusly
: detected symbols : : : '

INPUT

E

©

Loz

)|

®

Tl ouer

FIGURE 59 BLOCK DIAGRAM Oor DFE

In oonmdenng the joint behaviour of a DFE and EC, Falooner, Mueller and Weinstein {37}
havemdlcated that convergenes is mucallydependem on the received signal to echo power |
ratio, It is for this reason that an AGC circuit often precedes a DFE so as fo feed the Jatter
with a reIatwe‘ly constant received signal level The inclusion of an AGCwill be venfied in
Chapter § dunng the discussion on current U-interface chip-sets. '
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6 PULSE _DENSIT_Y- MODULATION

61 Introductmn

'IhePulseDensuy Modulator (PDM)is adeucesmtableforAnangue toD:g1ta1 Conversion
(ADC). One may ]ustlflably believe that the ADC block in a U-interface chip-set is an
Jmp]ementatmn concern and dbes not warrant a chapter ofits owrt. The reasonformciudmg
' achapter on an ADC techm_que, and specifically on the PDM principle is simply for the
following reason, For an ISDN to become a i’eality and not metely a technological curfosity,
ithastobe econonucally vigble, The bulk of the cost of an ISDN liesin theD1gltal Subseriber
Loop (DSL} since this cost is mulnphed by the number of subscribers. One way of reducing
this cost is by making vse of pre-existing telephony cables for transmission; this aim has _
" already been met by specifymg an elaborate U-interface for 2-wire working, Another way
~ ofreducing DSL costs is by ensuring the. lowestposmblg.cost for the terminating transceivers
at each end of the DSL. This requirement suggests VLSI implementation, and preferably
asingle chi;i. The most cost-effective technology for fabricating 'i_system of the complexity -
of a U-interface on a single integrated circuit, with transistor counts approaching 100 000,
is CMOS technology. Now, while CMOS is ideally suited to digital implementation, it is
capable of supporting analogue fumetions albeit at the expense of a high chip-area overhead.
Ttwould therefore be preferable to minimise the analogue requirements in preference to
digital cirenits, This & ct highlights the importance of the PDM ADC in U-interface chip
designs, since the PDM is capable of achieving a relatively high sampling rate {100kHz)
and resolution (12 bits) with minirmal danalogue cumnuyrequlrements Thiswill be verified
"in the following sections. : : :

6.2 Principle of Operation

The theoryof PDM operation is well covered in the literature {38}-[41]. The complete ADC
can be divided into two parts, viz; the pulse density modulator which performs the actual -
- function of analogue to digital conversion snd the Conversion Filter (CF) wh:ch provides
- both filtering and coding of the PDM output déta stream. Since the CF forms an integral
part of ths ADC, it will also receive brief attention in this chapter.

. The PDM embodles tha Sigma-, Delta Modulator (ZAA) as palt of its design, and in
. attemptmgto understand and explmn thePDM 1tlsnecesraxyto trytounravel the workmgs
of the ZAM, o . _
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-~ 62t Sigﬁia Delta Modutator (S8 M)

. The¥A M shawn {n Figure 6.11s onc of a number of devices which performs puise density

modulation. The stmplicity and low cost of & PDM lnvolung the use of 2 TAM makes it
vexysultable for analogueto dlgnal conversmnasthe front-end to adlgltal slgnal pmcassmg
system : : : :

g

- o d
[ D~TYPE
| |AP-roe
v G SR (RSO SO L
T, | S— et
’ Icl
. C== 8

FIGURE 6.1 : SIGMA-DELTA MODULATOR

‘The output signal F(‘I‘); where Tis the clock period (‘_ /F.), c@nsists of a stream of pulses

with mark or space density proportional to the relative amplitude of the analogue input
signal, V,. The total number of 'pnlses available in & given time is defined by the clock
frequencyF ., therefore for each additional mark there will be one less space and vice versa.
In the limit, the output will consist of all-marks or ail-spaces and will indicate peak positive
or peak negative input signals respectively, The zero input signal will produce the 1dIe leyel -
code of equal ma:k-space ratio ie, a square wave output 5.gna1 '

: T.be mput sxgual is approximately defined by the following formula:

where M and S denote respectxvely the nl*mber of marka and spar:es in & given pattern
} repetatinn period.
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 Itcan be shown thata gi(re_n de signal will produce a unique pulse pattern and an output -
- which can only be accurately demodulated in digital processing I integrating the ontput

pulses over an integral mumber of pattern Tepetition perieds. A time varying mpul signal . -

- will ebviously prodiice a multiplicity of output pulse pat'esns of different lengths and shapes -
* and hence it would be impossible to emp!oy a samplmg period which covld cater for all
pattern configurations, The resulimg erIors wﬂl therefere introduce quannsmg noise due .

to ume-samphng.

The cirenit in Flgure 6.1is based on the prmclples of 1he mvertmg amphf' er wh:ch hasa
_ 'transfer funetion;
. ‘;.. . _'* . . B _ Co g
il L o 62

“The pOmt Y operales as a virtual eacth dve to the high gain amphﬁer For the purpose of
this dlscusswn, Ry and R will be assumedd to be equal, _

The inclusion of the D-type thp-ﬂop in the feedback path will ot invalidate (6.2) prrided
that the Ioop gain is high and *D" is transparent to the input signal. The clocked flip-flop
produces a pulse density modulated stream of pulses which incorporates the low frequency
signal component equal and opposite in polarity to V. The high frequency components
are highly attenuated by the RC filter. Thé latter also acts as an ntegrator for signel
frequencies greater than the cutoff frequency, F o . At these frequencies, the device behaves
asaZAM, _Fbr slgnal frequencies belowF o , signal integration does not occur and the device -
technically ceases to be 23 AM but still performs pulse densify modulation.

“The action of the TAM can be explained as follows,mth reference to Figure 6.1:

Let the mput mgnal be V., assuming that the flip-fiop output is normalised to = 1 (mmal!y

+ 1) and assume V ,tobe a d.c. signal such that 0 £V, < 1 . If the charge onC 1sdlsregarded
then & eurrent I, approximately equal to V ./ R, will flow in R, due to the comparator's '
“negative input being very nearly at earth potential, This current will i mcrease the voltage e
at point Y in a positive direction as C increases its charge. However, when ¢ has crossed
 the decision level of the comparator, the flip-flop will be triggered onthe next rising edge
~ of a clack pulse, outpumng “-1* at Q. This will in turn draw current ¢ in R, which will be.
maintained for the duration of 'p* clock pulses. Since { To4>1/,} for any IV, < 1, the

- voltage e will fall until it recrosses the decision level, at which point the flip-flop wili agann'
change sign at the next positive transition of the clock, and the whole cycle FECOMIMEnces.
This 5equence of events is deplcted in F1gure 62
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FIGURE 62 : SIGMA-DELTA MODULATOR WAVEFORMS

The total current I, flowing into © with positive ﬂip-ﬂop output Qis(l+V /R, andwith :
- megative butput is~(1-V;)/ R.Note that Q can only change sign on the positive edge of
a clock pulse, and therefore the waveform at peat Y is synchronised to the clock
: mdepcndenﬂy of the input signal. Also, the pattern of pulses is dependent on the relative
slopes of ‘segments (2) and (b) in Figure 6.2, which in turn are dependent on the
 instantaneous input s:gnal am;)hmde The slopes are shown as lmear but in pl‘aChSE, are’
expotential.

" 'p" cantbe determined as fbllcws: _ | _

1.7 mv ¥r

'é,;a; - = - For s!ape (a) . _ (6.3)
1k V'm For stopa {b) o (6.4)
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‘Equating (6.3) and (6.4) we obtain: '

:(1...‘ v . Lo o o - . .
. p-: -(_l__.‘ V:] .- ) N _. . . o r . o (6.5) .

Rearr_anging"‘terms, {6.5)yields: . = -
. '{;n Sy S . o -
Ve = G735 e

However, from equation (6.1) the average vatue of the output data stream (ie. prise density) '
isgivenby: ' ' . S ' o

@ . _ -
Vw = G T
' hence V¥, = V. = _ii—'.'% o | . R 68 -

where "M and"S" are as previously defined.

Equaﬁbn' (6.8) shows that the pulse density modulation represeﬁxs the si gnal amplitude and
is independent of signal frequency over the working range of the device,

For R, = R, the maxin m input signal must be é_qu.al to the magnitude of the flip-flop ~

output which is assumed to be =1, The predominém ontput condition will be opposite in
polarity to the input signal. ' ' S

~ For Ve = +l:i-
e;;x'_;_-gwkc’ o 69
.andf_or'. If; = -_-i:-*_ |
Cen = <2TIRC L (6.105_ '
'I.‘lierefdra.:. o o | o | |
Vs o 26 - 41‘/&6_ N T ea

where Vp.pisthe peak-io—peak voltage swing at the inverting input to the comparator.
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62,2 PDM Quaitisation and Noise

The encoding process of the LAM différs from that aof a'succels:siVe apprq'xim'aﬁmi coder, _' _
and hence has a different noise pattern. It can be shown that the SNR of a Successive -
approxiuation cader is proportional ta the signal amplitude [42). The ZAM , however, does -

' “not provide equal quantising steps in its transfer funetion. This is due to the so called -

threshold effect which resulis inzero codmg changes for srnall mu'eases in signat amplitude,
. Owing to unique output pulse patterns, threshold steps exist at certain fixed signal
arrplitudes. The noise §'¢ cture obtained from TAM is therefore more ‘ragged" than that
of "linear” coders, and small signal amphtudes are valnerable to dlstomon at certain points
‘on the modulator transfer function.

' .The dynarmc range of a EL\M may be extended by increasing the dlock ‘r'requency, tbereby' .
making the steps smaller, and enlargmg he mtegrator time constant, if the latter is not
 already at its practical limit,

3t should _be mentioned that ZAM does .- suffer &qm overload distortion us does delta

mod: ilation_; The reason for this is that in ZAM, the maximum peak-to-peak excursion of

the: composite integratedvoltage " will not exceed 4T/RC which is a comparatively small
.' quantity. The input to the comparator therefore does not trat.k the input mgnal thereby

- preventing overload d stortion,

63 Conversmn Filter (CF)

As stated in the mtrodrctwn the CF performs the dual function of filtering and coding the
PDM data stream, and it is pertinent to know why this i 1s reqnired, The PDM data consists
. of a high frequency stream of pulses whosze density is tnodulated by the applted analogue
 sipnal as previously describecl. The pulse stream is not coded, but modulated and with each
‘pulse having equal weighting with its neighbours; the analogue signal can be recovered by
means of a simple low-pass analogue filfer. The process of coding implies that the data

stream must be reduced to-a sequence .-* N-big word: with binary weighting format, The o

“word repetition rateismuch lower thanihe original P M data rae, and for the U-interface,

'rang,es from 80 to 120 kwords/sec (ie. the respectivz Taud rates). It is also imperative that
.- theword length shall tie sufficient to achreve the reqmred performance (1e generallv 212
: bﬂs{wm '1) : o

The cnding cu'cu't l}ppxca]ly also prowdes ﬁltenng wh"hl ‘the prime consxderauon in the :

design of a PDM A/D for the following reasons. The Pl data stream no only carries |

the wanted analogue signal but else the inherent quantising noise from the PDM, and this
* noise tises in amplitude to half the clack frequency, as shiown in Figure 6.3.-
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. FIGURE 6.3: SPECTRUM OF PDM DATA OUTPUT

. The 5pectrum is fypu:al for this type of A/D and the high ﬁ'equency outband components
could be effectively removed by a simple analogue low-pass ﬁlter—demodulator. However,

for digital processing, the sampling action causes the outband noise to fold down i intothe

baseband, and hence a digita} filter must be mterpOSt-.d to mznnmse ﬂ:lls noise before.
sampling oceurs. : .

* Digial filters operate on discrete t.ne and amplitude samples; the former give rise to
- sidebands around the sampling freqreny and its karmonies, and the latter to quarntisation
of the mgqal waveform, An i 2al digitat filtet wo id only transinit the basebands shown in’
Figurs 53, inwhich case residinal .. fberid noise vouki be zero, which s: ofcou:se impo sible
to’ ac *\ove in practice. - '

A typleat ..,Fforuse maU—imerfane isconstueted with one or nore~gual length transversal
fihersincascade. Flgure 6.4 showsaskecch of attenuationvs frequencyfor atypical cascaded
TF conversion filter, : . )
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- 7. U-INTERFACE SPECIFICATIONS
71 Introduction

At the time of writing this prbject TEPOrt; Do CCTTT specification for a U-interface was
available. In fact it is quite probable that no such specification wili appear in the future, as

itis general]y accepted that individual adnnmstranons will be responmb]e for spwf}nng the :

U—mterface to suit the Iocal condltions.

_ The research underlymg this report has concentrated on the pracucal vahdanon ofthree
E -U-mterface specifications, viz. ANSI TL601 [43], Deutsche Bundespost FTZ IRZ: [44)

and the British Telecom specification for Digital Access to the ISDN [45],

Each specification in turn deals with the requirements of a system capable of providing fuill

duplex data transmission at 2 rate of 144kbii/s (2B+ D} aver a single 2-wire metalic cable.
The specsflcatmns do not lay down precise ransmission- system parameters sich as EC
adaptation algonthms and filter lengthis, but rather concentrate oni ensuring mter-workmg
compatibility between systems conforming to the same specification. This allows

manufacturers the freedom of choosmg implementations and archltecmres which suit thelr :

technoloyies and pro duct ranges. B

This chapter will e struétured as foflows: A number of features governing the designof a
U-interface transmission system will be described according to the three abovementioned
specifications. Ineach case, anattemptwill be made to highlight the fundamenta} differences
 between the reqmrements :

The specifications for a U-interface can be broadly divided into 3 areas, viz. transmission
method, mipervisory and maintenance functions, and’ electncai charactenstlcs Each area
- willmow be dealtwnh mtum

-T2 Transmlsswn Methr.d

The transmission system coufornung to each of the ﬂ:ree speclﬁcatit)us is demgned 10

~ operate ona2-wire twisted metallic cable pair composed of mixed gauges. The requirements

apply to a single Digital Subseriber Line (DSL) oonsistmg of an LT, & cable palr w:thout :

the mclusmn of Ioadmg ccnls, and an NT.

All th:ee systems have anumber of aspects in common as regards the trmmxssmn method,

Each system relies on echo cancellation for the separation of data directions, and operation

is independent of the wiring polarity of the twisted pair. All three systems also use Pulse
_ Amphtude Morlulanon (PAM) for modulatmg the bmary d:gxts onto the line.

6. S,




An additional smnianty is that of the scramb]mg and descrarnhhng algon Him emplnyved

respcctlvely in the transmitter and receiver of each transceiver. From the discussion on

¢cho caricellation in Chapter 5, it was made clear that from a theoretical point of view, the

transmitted and rec iived symbols need to maintain botl self- and mutual-mdependence

. (ie. Jow aute- and cross-correlation), One method of achieving symbol independence is by

' mtroducmgascrambhngfunctlonmtothemodulatlonprocessandsubsequentdescmmblmg.
in the demodulator. :

The scramblers and descramblers employed in all three U-interface specifications rely on
the mear Feedback Shift Reglster (LFSR) principle. The latter isbased on a Shift Reglster

(SR) clocked atthe datarate, The scrambler/descramb]erls thenformed by addmg {modulo . -

2) outputs{rom a number ofSR tapsto the i incoming data stream, and feeding the composiie
signal back into the SR, The position. % feedback taps uniquely define the serambling

polynomial, and in the case of the U-hwerface, the polynomials for the two directions of . -

transm.tssion need to be different so as to mmimlsc craSs—carrelann betwcen transmltted :
and received symbols. . :

All three speuficatlons require identical scram‘blmg polynumlals fora parucular dzrecnon
" of transmission, These ar. as follows:

19 x% & B (LT—_NT}
“and 1 @ x® @ x™®  (NT-LT)
* where eimplies modulo 2 addition.

. The seramblers at either end are implemented as shown d;agrarnmamaﬂy in hgure 7.1',
while the descramblers are as shown in Figure 72, :
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wherg

The final sxm.ilanty between the three systems is that of timing synchromsatmn All three N
hpemﬁcauons require that the DSL operate in a master-slave mode with the NT staved to

~ the received network signal je. the NT transinit signal is synchronised to the receive clack.
The LT on the other hand, 5 synchrmused to the exchange master clock, - o

 The spemﬁed Yne code, ZBIQ has already been covered it section 4.3 The user-data
‘bitstream, comprised of two 64kb11/s B-chanpels and one 16kb1t/s D—channe[ 1s grouped

Do denoles the descramble cutput

FIGURE 7.2 U-INTERFACE DESCRAMBLER

R -3 1 ANSI 'I‘ransm1551onMethod
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into pairs of dlglts (drhlts) for conversion to qumemary svmho]s cal]ed quat% In each dlblt
the fisat and second bits are called the sign and magnitude bit respectively. The relatmnshlp
- of the. B srd D chonnel bits to quats is.shown in F1gure 7.3

Bt 3% :
_ * YE et _ _ .
- DATA - Bt : - . B2 _ . D-

BT PARS [b11 212{b13 H141b15 b16[b17 bIBJLRT b2ZbIS £24625 b26|627 26 [d1 o

RELATME | ) T . I :
auarwo.| @l [ 92 | 43 [ 94 | 45 a5 | g7 ¢ | q@
QUATS LA _ 4 ]

WHERE @ Bit = first bit of B1 ocilet
E18 = iaul bit of B1 octel
: B21 "= first bit of B2 aclet -
EZ3 = losi bit of BZ pctet
d1d2 = commaculive D—chonnel iz
= = ith guot rekrtive to slort of give~ 18=-bil - 2B+D doio fiela

FIGURE 7.3 : ENCODING OF 2B +D BIT FIELDS

. The B- and _D-channel bits are scrambled, \#hereeﬂer cach successive dibit in the binary '
- data-stream is converted to a quaternary symbol according to Tabie 4.2. After 2B1Q
encoding, the quats are shaped via a transmit Low Pass F1lter (LPF) before being output

o line via a line drlver _

At the receiver, each q_uat is converted to & pair-of bits eccordiqg to a reversed Table 4.2,
descrambled and finally formed into bitstreams representing the B- and D-channels.
Figure 7.3, when rev'ersed provides for proper placing of the B- and D-channels.

The symbol rate of the NT transmitter is reqmred to be. m the range of Sﬂkbaud 2 Sppm,
assummg a recewed symbel rate of 80kbaud. ' '

72.1:1 ANSI Frame Structure -

- The ANSI frame stroctire is shown in Flgure 74. Tt comprises 8 basm frames which
constitute a superframe A frame of 1,5ms nominal duration co:npnses 120 qnats The s
superframe therefore has a repetluon penod of 1Zmsec. -
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FIGURE 74.: ANSI FRAME STRUC'I'URE

The first nine symbols of each frame is a Synchronisation Word (SW) which i is essentially
a Barker word. The superframe m wker is a_syn_ch:r_omsatlonword which is inverted relative
to the Basic Frame SW, and is denoted Inverted Synchronisation Word (ISW).

The SW and ISW comprise the t_‘oilowing nine-symbol sequence:
SW = +3.+3;.-'3.-_3,43,«43.—3.+3.+3

ISW. = «3,~ 3+3+3+3 ~-3,+3,~3, 3,

* Following the SW and ISW, the next 108 quats convey the 2B+D user-data atarate of

72kbaud or 144_kb1t/_s. Except during startup, the 2B+ D channel is transparent to user-data,

The last 3 symbols (6 bits) of each frame form a 4kbit/S'M-channel for maintenance and
supervisory purposes. The 3 symna}a are shown in quat positions 118 to 120 inclusive -
(Figure 7.4), but are split into sign and magnitnde components for convemence (eg.

- overhead bits M1 and M2 collectwcly form quai l18)

The M-channel is sufﬁclenﬂy complex tu warrant separate coverage, andwﬂ! therefore be :
_dIScussed in sectionr '? 3. ' '
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122 BundeSpost T ransmsss:o" Method

The spemf ied Ime code is MMS43 (cf section 4.4), The mcommg binary daia-strcam is
. encoded accurdmg to Table4 3,with theselechon of a particular alphabet being dependent
" on the sum of the previcus 3 symbols oampnsmg 2 code word.

' Error recogmtmn in the decoder is based ona vmlanon of the RDS which is updated after
- ewery received symbol. This built-in error recognition capability of the MMS43 line code
i sets it apart from the 2B1Q and S1I32 codes ‘which both invalve abandw:dth overhead for
the mt:]usmn ofa Cychc Redundancy Check (CRC) word, . :

Careful mspecnon of Table: 43will indicate that the receptwn of a tPrnaryward comprising

three zeros causes a problem, 45 no binary translation exists for this case. The MMS43

- codingrules, however, require a "000" ternary word to be decoded into the binary equivalent
- of "0000" ' . : o

Theline symbol rateis speclf‘ iedas Izokbaud* Ippm, assummg a transmit and receive clock
" synchronised to the exchange, : : : :

7221 Bundespost Frarne Structure S ' e

The frame structure in the LT-to -NT duectlon as reqmred by the Bundcs;:ost spemﬁcatzun :
is sho“m it Figore. 7.5
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FIGURE 7.5 :BUNiJEsposr mv;.ﬁsmvcrm (LT+t6-NT)

The frame comprising 120 ternary symbols has a duration of 1ms, The 120 sy nbols are
_ made up as follows: :

*. 108 symhols of 2B+ D user data,

= 11 symbols comprlsmg Barker code for both symbot and frame synchromsatmn
- 1 symbol famhtahng maintenance ar-d supamsnry ﬁ.mcuons

The scrambling and descrambhng operation as deseribed in sectmn 7.2 is only apphed to
the 108 nser-data symbols and not the Barker code ormmnr_..nance_ and supervisory symbol.

 The composiﬁbn of thte T symbols (i = 1...4) as depicted in Figure 7.5, is shown in -
Figure 7.6. The 108 user-data symbols are split into four equally structured groups each of
27 temary symbols (corresponding 10 36 bits),

-74-




1fzfafefste]fe)e rw]vizbasfreanffsrfw] s

ti2]s|+fa]sir|ain IB’!II&_I}I(I!\_‘\I’!S”
B[ 5, eEa

[=]

Ial .Bl o Bl

. é;;s. 5

a0 2+ :-;;::{

%ﬁ%ﬁﬁk%k

6, 2

L.lnﬂm K
zls an

FIGURE 7.6: PosmoN OF 2B+D DATA IN A TERNARY GROUP

g

- The 11-symbol synchromsanonword dxffcrs asa ftmctlon of thc transm.lsswn dlrecnon, and . '
is specified ag follows ' '

- * Downstream (1&._L’I‘tn NT) = ++ +—+—+-
* . Upstream (ie. NTt0 LT) = «b -4t + 4

Note that the synchronisation words are binary coded (ie. absen:u of "zero" symbals). This
-improves the perforrnance of the timing-extraction system in the presence of noise.

In order to reduce oorrelahon betweeu the two du'ecuons of 1 ansmxssmn, a 60-symboi -

offset is introduced between the transmitters at either énd of ihe DSl The transmitted
Barke.r code in the NT to LT direction therefore occuipies positions 50 to 60 in the frame.

7. 2.3 Brmsh Telecom 'I’ransmlsmon Methcd

The spec:ﬁe.d line code is: SU32, a 3B2T variant (cf section 4.5), developed by STC
Technology Lid (STL) The encodmg process follows the rles of Tab!e 4.5,

‘The BT transmission method differs pnmarﬂyfmm those of ANSI and the Bunde.r,post in
ity technique of timing peneration and extraction. Whereas the later two systems rely on
the technmique of Barker codes for both symbol and frame synchromisation, the BT
specification calls for pilot tone § - rposition. and intentional SU32 code violation for
symbol and frame synchronisation respechvely :

- The pllot-tone techmque for extracting a received symbol clock is beyond the soopc of the -
main body of this report, but is briefly covered in Appendix A, However, it is worth
mentioning at this point fhat the pilot-tone technique requires no additional bandwidth as
inrthe case of the Barker code technique, where the latter requires consxderablc overhead
1o facxhtate the inclusion of the SW in the frame structure
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‘Frame synchronisation refies onthe reception ofa sequence of six consecutive ternary reros. .
With reference to the coding rules of $U32 as desedbed in section 4.5, it should be evident
_ that under error-free conditions, & maximimum of four consecutive zeros can be output to
. lne (eg. consider the encoding of *110" repeated twice, followed by 103). In principle
tl:le}'e,fm-fcl the reception of six consecutive zeros would identify the start-of- frame miarker-

- witha I‘ugh dcgrce of ounﬁdance. '_ '

- The line symbol—rate is- 108kbaud * 3ppm with thc LT synchromscd to the exchange and
the NT phase-locked tothe LT. :

..23.1 British TeIccom Frame Stmcmre'

"The BT Ternaxy Data Frame Structure is shown in Figure 7.7. The frame has adurationof =
750us compnsmg 81 ternary symbols, and resulting in the abovementioned symbol-rate.

. 12 SYMBOL DATA WORD = 81, B2 m.u b t.HANNLLS
L L b - +3 | M I
L [] 1 []

" 12 SYMBOL DATA WORD = BH, B" .er D camua_s
1 1 L 1 N

¥ : L] L 1
12 SYMBOL DATA WORD = B1, BZ AND o CHANNELS :

L I [l L] [l i l i
T T

"12 SYMBOL DATA WORD = B1, B2 AND D GHANNELS
1 y L [l L 1 1 'l 1

T } T i ¥ —t +
12 SYMBOL DATA WORD = B, B2 A*'D D CHANNELS
I 1 ] ] 1 I : 1 L T |

12 SYWBOL DATA WORD = BY, 2 A%D D CHANNELS
ofo]o| o] o] o [crefurijpuxz

FIGURE 7.7 : BT TERNARY DATA FRAME STRUCTURE

_'I"he iemély'ﬁ'amé comprises six lz-symbal bloéks_of 2B+D user-data, followed h}f the
frame-synchronisationmarker of sixzeros, s CRCsymbol and two auxiliary channe] symbols.,
 The six vser-data blocks ate derived from the 'en_codi_ﬁg of the binary data depicted in
. Figure 7.8.Bach block of 18 bits comprises 8 Bl-channel bits, followed by 8 B2-channel bits

and ending with 2 D-chanael bits. The six binary blocks are then transformed (after
_ scrambhng and subsequent SU32 encodmg) into six 12-symb01 ternary blocks.
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FIGURE 78: BT BINARY DATA FORMAT

' The. CF and AUX aymbo]s fac:htate the supesvisory and maintenance funcuons oL the

. BT Speclﬁcatll:ln and will be dealt with in section 7.3.3

’7.3 qupem.;ory and Malntenance (S&.M) Functlons

Tt sesms s:gmﬁcant that all three spemﬁmtwns calI for & certain degrce of supemsary and a
malntenance iunctions. It would appear that as the complexities of fransmission systems
increase, so too does the necessity for ensunng minimal external requirements in I’especl

of the. mamtenance of sucb systems

The.re exists a clear distinction ba™ -n the two concepts of supervision and maintenance,
‘The former refers to a facility whereby 4 system can be monitored in terms of iis
performanct without theneed to interrupt the service. In contrast, maiuténance performed
ama systen nnupssitates dlsruptlon of the service.

. In spemfymg tle Superv:sory and maintenance requirements, each autherity has allowed
prospective manufacturers the freedorn to implement any addmonal functions, over and
_ above the minimat requnrerm..nts

7.3.1 ANSIS Supervisory and antenance Punctions

The ANSI S&M fugetions are supported via the M1 to M6 overbead bits as depicted in
" Figure 7.4, A total of 48 bits per superframe are cunveyed in either d:rectton, facﬂuatmg 8

- S&M channel w1th a capaclty of 4kbit/s.

The Mi- M.?abltssupportthe so-called Embedded Dperations Channel (EOC) 'rwemy-four' :

~bits per superframe (Zkbxt/s) are allocated to the EOC, which is largely responsible for - -

‘maintenapce functions. The actual length of an BOC frame is 12 bits, resulting in the
tansmission 0£2 EOC frames; per superframe The compomnon ofan EOCfmme is shown
in Table 7.1 '




| wr | w~ame - | ruscrionrrovicen

- 1.3 | BoC;.EOCa ' | Address field
4 ’ EOCgm - DatafMessige indicator

s_u" EOC;1..BEOCj - _ Information feld

TABLE ?.1 EOC mee Composition

The 3-bit Address Fieldis used to address 1 upto7 Iucanons (C.....6), with address-7 denoting -
a broadcast address, and address-0 always refernng toaNT. For aD'iLw:th 10 regeneratur- '
in the loop, only addresses 0 and 7 have any mgmficance .

‘The Dala/‘Message Indlcaiorr': setto " when the Information field conta.ms an operatlons
message, and set to 0" when the latler contama nnmencal data

. The Information Fleld supports,mpnnetple 256 messages, but in reality, onlySare defi ned
The mﬁsages and their associated EOC: eodes are hsted in Tab]e 7.2,

. MESSAGE ORIGIN(O) DEST.(8) -
MESEAGHE _ CODE NETWORR ONT

Optrate 2B+D Loopback . 0181 0000 o a
Opetate By-Chanael Loupback 0101 0001 a d
Opepate By-Channel Loopback . i 0101 0010 o 3
Request Cormspied CRC 0101 0011 o d

Noti 'y of Corrupied ERC 0101 0300 a d

¢etur to Normal - 1 uannn o ¢

" Hlald State ) : 0000 0060 dfo ojd

Unabie to Comgly Abknomtedgement © 1000 - o o

TABLE 7.2 : EGC Information Field Messages

The essential elements of the maintenance fanctions are the three loopback commands

facilitating the physical looping back of individual data chennels, as well as the complete

2B+D 144kbit/s chamnel, Note that no provision is made to loop the D-channe] back

independently of the B-channels, as disruption of the D-channet indirectly. affects the
: Operamn of one or both B-channels during call estabhshment. ' :

The Request or Notify of Corrupted CRC messages allow testmg of the CRC supervisory
function by intentionally forcing a corrupted CRCvalne 1o be sent down the line. The effect
of this operation should be to indicate a transniission “error” in a correctly funetioning

~ The EQC prut()cul operates ina repentlve command/response mode, je. three 1demral o
properly-addressed consecutive messages must be received before any action is initiated,
For a more detailed description of the EOC, the reader is referred to I43]
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 The Overhead bits, 'M4-M6, pmwde essentially two fac:hueS, viz, tramcewcr
actxvauon)’deacuvanon, and supervisory functlons

The acl“ blt forms part of the start-up sequence to commumcate readiness for Iaver-z '
communication at either end of the DSL '

.The “dea"™ b1t is used by the nctwork to communicaie to the NT its. iritention 1o deactivate.
1r this way, an NT can deactivate inan orderly fashmn (ie. freeze and store its EC and DFE
. CCke fﬁuents) :

The Power Status b:ts, PSland PSZ, facilitate the commumcanon of an N'I’s power supply .
‘status to the LT, PS1 and PS2 indicate the state of primary (ég. mains) and secondary (eg,
. baitery backup) power respectively. In the event of an mpmdmg power status change at.
the users prem:ses the metwark would be forwarned. -

.. The "ntm" blt mdwates to the-networkthat the N’I‘Is ina cuétnmer—iniﬁated test mode. The
- NT'is considered to be in a test mode when any one of the data channels is involved in 2
' customer locally-initiated maintenance action.. o

“The "eso" bit indicates the start-up capabilities of the NT transceiver. The.ANSIspeciF tation . .
_ ma‘Les provision for two types of start-up capabxhty, viz; cold-start and warm-start, A
_ cold-start is initiated on powerup and assumes no prior knowledge of the cable

Ciaracteristics. A cold-start activation sequence therefore, has a slower conve.rsion time
~ than a so-called warm-start. The latter relies on knowledge of cable characteristics froma '
previously sucoessful activation sequence, and as a result, allows a much-reduced:
-activation-time. ' : -

The Far End Block Error (FEBE) bit in each direction of u'anmlission'may be moﬂi’tored
to determine the performance of the far-end receiver. The FEBE bit i I generated for a '
particular superframe in the event of a CRC error being detected, :

- Figure 74 shows & mimber of bit positions in the superframe Overhead bits being filled
with bmaxy ones. These bits are all reserved for future standardisation and must be set to
binary one to comply w1f.h the chrrent spem.ﬁcation.

The Jast allocation in the Overhead bits comprises the CRC code Twelve bits per _
superframe, CRC;y...«.CRC,z, are allocated to the CRC fonction. The CRC bits are
generatedbydmdmgpartoffhedatacontmnedmthecurrcntsnperframehythcpalynomaa] :
. P{x), where: : : :

-P(_x) e x? e x" @ x*e x2o x o i
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The superframe bits mcluded in the CRC generanon process are those compnmng the
D-channel, both B-chanmels, anu the A , Overhead b:ts ' ' :

At the _recemer, a CRC calculated fr_om the same bits is compared with the CRC value
received. If the two values differ, at least one error has ~ccurred in the bits covered by the

132 BundespOf Supemsmy and Mamtenance Functtons

The. ME&S capabilities of the Bundezspost spemﬁcaﬁon are compars;wely limited, due toa
.- mere 1kbaud M&S channel being provided. The M&S channel is facilitated via the smale
' M—symbn] once per frame as shown in syrbol-position 85 of Figure 7. S - '

: The speclﬁed supemsory funcnon is simply momtormg of remote code violations, A cade
viclation is detected if the RDS of the recewv:d symbuois *s less than one or greater than
four at theend of a. temaryblcck. Ablock comprising three zeros will also generate a code
violation. In the event of one or mor« code violations being detected in a single frame
~ downstream, the M-symbol is coded as "+ 17 and sent upstream. The LT will thus benotified
each time a corrupted frame is encountered at the NT,

It should be mentioned that, due to the limited error-detecting capabilities of the RDS
techmque, some &ITOrS wﬂl En undetected

In termos of maintenance ﬁmcuans three commands are speclf' ied. The first command, sent
downstream, allows & combined loopback of the D- and B-channels to be made. The
‘command is initiated by continuously encoding the M-symbot as *+1" for the durativn of
the desired loopback. On receiving 2 minimum of 8 consecutive "+1° M—symbo]s, the NT
'_ performs the Ioopback :

The secand loopback commend cateis for the possible inclusion of a regenerator in the
DSL. By encoding the M-symbol with alternating *+1° and "0" symbols, a Iloopback at the
regenerator is applied after the receptlon of 8 consecutwe frames contmnmg alternating

M-symbols,

- The third a_.n_d final mainfenance command allows fhe removal of any loopback that may |
* have been'set up. On receiving 8 or more consecutive ternazy zeros, an NT will disconnect
the loopback and allow the transruission of transparent user-data,.
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73, 3 BT Svpemsmy and Mamtenance Functions

The BTsPec:ﬁcatmn calls for extensive M&S capabﬂmes, with the emphasis on superv1°nry
functions, The M&S capab;htles are exclusively supported by the last 3 symbols depicted
-fn Figure 7.7, viz. the CRC, AUX; and AUXy symbols. Since each frame has a duration of
750415, the M&S channel has a capamty of 4kbaud '

The CRC symbol establishes a 12ms superframe compnmng 16 frames of 81 symbols each.’ '
The 16 CRC check symbols form a 15-bit CRC word, with 2 binary "I" encoded a5 *-1" and
abmeu zeyo encoded as "~l~1"

 The suctcenth check symbol is a 5mgle temary "o which deﬁnes the start of the 12ms
superfram.. The CRC generating polynomial, G(x), is defined as follows:

Gix) = x¥ 8 x° ® 2 © x* & % @ 1
 wheré ® denotes modulo 2 addition.
3(x) is selected 50 as to ensure that a message conveyed by the two AUX'symbd}s (3 bits),
~yill beas ceived erroneously not more tban once per hour under the cond:tmns of an errcr
rate of 10’3

Wittiin each 12ms snperframe, the aux:haxy ch el sends 2 consecutwe messa,,es of 24
bits each (ie. 16 frames x 3 bits). Each 24-bit message comprises a

o * - 3-bit Submdiary channcl
* 1-_1';it_Ready for Data/Dz*x Valid (R-bit)
. 5-bit Maiﬁtenance Channei (Ml ..... M5 )
* 9-bit Supemsory Channal (SL 89)
o 6-bit CRC ﬁeld

‘The 3-bit subsidiary channel gives the U-interface the capability of supporting an additional
500bit/s transparent data channel. The inclusion of the subsidiary channel {5 got insisted -
upon in the BT specification, but is in fact mere.ly suggn' ted as an aptiunal feature.

' 'I‘he R-blt. provides handslmkmg suppnrt for higher-leve.l systems ateither end of the DSL.
Ttis eqmvalent 1o the ANSI "act" bit.” ' :
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" “The 5-bit ‘maintenance field carries maintenance commands (ie loopbacks) from the
exchange-end, and maintenarce responses (ie, acknowledgements) back from the
subscriber-end of the DSL. The maintenaricé corimands are listed in Table 7.3, -

MAINTENANCE I _ LOOPBACKS
COMMANDWORD . |  REGENERATOR |- - NT
Mg | oMz | M3 | M Mg [ m m i o [ m | D
| v T Y '
1 1 9 1 1 B
1 o | 1 1 1 .
1 0 v |1 1 v .
) 0 R .
C# 1 (] - 1 _ -
o | 1 1 1| - o R

TABLE 7.3 : BT Meintenance Commands

On receiving and acting on one of these commands, the same data pattern is echoed back
as the maintenance response. The NT or regencratbr will reteen all ones (ie. mull code)
when not responding to a command. Note that the bandwidth provided in supporting the :
maintenance function, allows up to 31 v mmands excluding the "null” command. Tae
capability therefore exists, 1o eqrip the system with a-forthet 25 maintenance commands
{eg. D-channel loopbacks). This option is left to the discretion of the individual
manufacturer. : :

It should be pointed out that, unlike the ANSI specification which allows multiple
. maintenance commands to be acted npon simultaneounsly, the BT system makes provision
for orly & single command to be activc at any one time, '

The supervisory channel 15 used to monitor the transnnssmn performance at the NT r
regenerator. The channel consists of a.9-bit oommand sent from the exchange-end, and a
_ -b1t response returned upstreany, The channel is specified as 2 comprlled system, with a

command sentby the LT until a response is received, whereafter an idle (all ones) command
i sentuntil an idle response is recewed Table 7.4 lists the supemsory commands
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.TABLE 74 BT Supmusoqr Commands '

The power of the supemsory facilities provided by the BT speclficanon will now be'

highlighted, Table 7.4 can be divided into 4 distinet groups each designated by the

destination to which the command is directed. The four destinations are LT, NT, Upstréam

and Downstream regenerators, The reason for considering both comporents of what is in
 reelity a single regenerator, is as follows: 4 regenerator interposed ina DSL cortiprises two
independent transceivers, Ie, an upstream transceiver which communicates with the LT,
and a downstream transceiver which communicates with the NT. From a supervisory

viewpoint therefore, it is desirable to be able to monitor the receivers in both regenerator

cOmpOnents, and the BT specification makes provision for this, -

The suputvisory functions facﬂnate four messurements at each deshnaﬂon viz, AGC-level

‘Eye-noise, Eye-helght and Error-count, The response to a valid comimand for a parficnlar

. destination is a zero (S1) followed by an 8-bit response byte transmitted with its MSB (52)
first. ' ' '

" 'The AGC parametér has & value which is set and frozen during the activation procedure.

It is useful in practice since it informs the network of the approximate insertion loss (« 5dB)

~ of the DSL, In the event of degraded perfomanee, one can asoenam if the problem is

' attenuanon el ted
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The Eye-noise and Eye-height can be Tumped together to form the Eye-closure, This lauer
parametcr'provides useful insight into the SNR of the transmission sysmm', which in furp
gives a dynamic indication s to how close to the margm the. system is Operaung, even in
‘the absence of line ETrors. : -

The Exror-count is based on the number of 15-bit CRC mismatches between received and
- locally synthesized CRC values: On every mismatch, the error-count is incremented by one,

It is reset on detecting the Error-count cominand afte.r having responded with the -

appropriate value. - :

The 15-bit supe'rframé'CRC is not to be confused with the 6-bit CRC field formiﬁg. part of

the Auxfhary channel, The latter CRC aims to protect the remaining 18 bits of data -

comprising the anxihaxy channél message, by preveriting corrupted messages from bemg
executed The au:uhary channel CRC employs a generator polynom1a1 G(x) of:-

G(x)=x°mx ex ﬂax*exml

7.4 ~ Electrical Cha_ract’eristi_cs'

.Spa.oe pracludes a detailed coverage of all the required éléctrical speciﬁmtiﬁns '
ciiaracterising each of the three systems, The salient features of each system wil howe.ver,
be bneﬂy mtroduced with I'efBTbHO\.- to the folluwmg topics: : '

. Maxinmim attainable ine lengths,
S* ' Traﬁsmit signal éharacterisﬁcs.
* : _Iifter requiréments.
* Start-np tm:[e requlremants

741 ANSI Blectical Speciications
7411 Maxlmum Attamab!e Line Lengths

The ANSI stc:ﬂcanon defines thc mammnm attamable line length in terms of 6 Tes:
_ Loops. each of which must sustain commmnicaton with a BER of less than 1077,
Furthermore, impairmznts (ie. pdwawelated nmse and crosstalky mny be injected onto the-
" Yine, under the condition that the apeaﬁed BER should not be ex..eeded '




Of the 16 Test Loops, one is termed a nu]l loop (ie. zero cable length), wh:le ten contain
bndged taps Since the latter is rarely encountered in the SAPT Ioop~plant, the bridged tap
loops will not be considered. The ma.keup of the reruammg 5loops is Tisted in Table 75,
. along with the calculated cable-attenuation at IUDkHz usmg & PIC model ut approxzmately :
IT00m temperamre.. : :

. | . I CABLE MAKE-UP _
" LoOP# |- seeTION: . SECHON2 SECTION3 - . SECTION 4 INSERTION | -
" According. : _ : - . Loss
My |- I - L - {aB)
1 5,03km {fdmm) DARm(OSmmy | - ) | =¥
4 229m (BAmm) 13T (05mm} Dflkm (@6mm) | 091km {O4mm). . 490
7| 41k @dmm) | o : . | B 453 .
12 | 229%m (O3mm) | . L3%Rm (OSmm) | Gdékm {04mm) ) o Co4a7
15 | 3,36km (04mm) ' _ _ - 103

TABLE 7S+ selectéﬁ ANS) Test Loops

. The attenuatmn Hgures quoted in Table 7.5 are based on attenuanon vahies of il 01 7.6
and 5 :43dB /km for cable gauges of 0,4mm, 0,5mm and 0,63mm respectwely

With reference to 'I‘anle 75, it is evident tbat Test Loop 1 imposes the most smngent
_ reqmrements in terms of overa]l attenuation. -

The impairments alluded to earlier are introduced into the sys!am-under—test as deplcted
in Figure 7.9. ' '

" POWER
RELATED
NOISE
: _5:;0* ] COUNTER |
(/)msr'uroa
| PATIERN
PRES [A, Fue | E B/ rRecener
_| TRANSCEVER |-emi TRANSCEVER |
ks 1, c| mmes
/) S
ATTENUATOR
WHITE,
NorsE |~ FLIER

'FIGURE 7.9 : LABORATORY TEST SET-UP FOR MEASURING BER
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. Simulated crossialk is introduced at point E in Figure 7.9 by applying a fi]_te.red'Gaussiae _ '
- random white wiise - --urce to the receiver input. The filter provides the frequency-shaping
necessary to simulato the NEXT from 49 disturbers in a bind, rgroup The derivation of the

| ~assumed Power Spectral Densn:y {PSD) of the disturbers is covered m reference [43). .

The p0wer-related noise deplcted in Fxgure * 9referstonoise slmulaunglong:mdmal power
line induction with its associated ~armonics, The waveform specified for power-related
- noige measur¢ :nents is sawtooth shap 1, since the latter bas a harmonic content similar to
power-hne induction. Figure 7.10 shows the required waveform as spemﬁed by ANSIL

| -—_-‘t 6.E7mse_c__—~]

FIGURE 7.10: ANSI SPECIFIED WAVEFORM FOR LONGITUDI'NAL NOISE

7.4. 1.2 Transmit SJgnal Characteristics

The nom.mal peak value of a single "+3" quaternary symbol is 2,5V, The peak values for
the other 3 symbols "+3",%-1" and "-3" are +0,83V, 0 83V end -2,V respectively.

The average power of the transmit signal, comprising a framed sequence of symbols with

a synchronisation word and equiprobable symbols at all other positions, s between 13 and
14dBm over a frequency range of 0 to 80kHz. The assumed termination impedance is
1350hms remstwe. ' '

The upper bound of the power spectral denmy of the transnutted srgnal 15 a8 shnwr. in
Flgure '? 11 .
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FIGURE 7.11: .UP_P.ER-_BOUND. OF ANSI TRANSMIT _SIGNAL PSD
'?._4,1.3 Jiﬁer_ Requirements |
Jitter is specided in terms of Unit Intervals (UT) of the n_omiﬁal R0kbaud signl, ie, 12,5 s.
' “The maximam penﬁissible ontput jitter at the NT fs'O,UQlUI pl.::ak-to.-pea.k ﬁnd 0,0IUIrms
when measured with a High Pass Filter {(HPF) having & 6dB/octave roli-off below 80Hz.
7414 Sari-Up Time Requiremens | | |

The LT and NT are reqnired to complete ihe start-up process, mcluding synchranisation
and trammgofequahsersmthepomtofmeeungperformancemlenaasspecx.ﬁedmsecnon _
' 7.4.1.1, within the following Iengths of time: Cold-start-only transceivers must synchronise

within 15 seconds, Transceivers meeting the optional warmestart activation-im
Tequirements are to synchronise vathm 300ms. :

742 _Bund_e_slmst El_et_:tm_'nl _Speclﬁc_annns
7421 Maximum Attainable Line. Length
 The Bunde., o5t speclﬁcatlons are far Jess detailed than those of ANSI § in terms ot

cable-makeup and lmpmnnents

e




. 'I'hc specifications sm:lply state that the U—mterfaoe sha]l enable transmlssmn over a single
' cable-palr of 4,2km and 8,0km using cabIe—gauges of 0,4 and 0, 6mm respectively. -

~ The primary cable parameters on wh:ch the maximum ranges are based are tabulated in -
the specification, From the given parameters, the insertion loss {(measured. at IUOkHz) of
" a single stretch of maximum Iength cable is 37,8 and 33,948 for the 0,4 and 0, Gmm cables

resp echvely.

~ The range figures quole.d above are based on an assumed noise-figure of 10u VIiyHz

injected onto the line at the recalvmg-enﬂ Longitudinal mains voltages not exceeding
65Vrms should also not degrade the transmlssmn performance,

7.4.2.2 Transmit Slgnal Charactensucs o

- The peak voltage of a smgle symbol transrmtted te line is 2V when measured 2Cross a
ternunatmg impedance of 150 ohms resistive, :

The uppcr bound .of the transmit 51gna1's speclrurn is as shown in Flgure‘ilz A
measurement bandmdlh of 9kHz is assumed.

(1oomvi-22 |
3. X SO — — .
LR . \\\\
-26 N
hl
s
Y
. S
<o, =32 3
. - B
VO TAGE A
(aB) | RN
E \\\\\\
. Ny
! _ 3
- ! !
B N
- ] ; ;
0,15 05" I .
CL Mz

FIGURE 712 _-._UPPER-BOIJND OF BUNDESPOST TRANSMIT SPECTRUM
7.4.2:3 Jitier Requuemems :

The mammum penmsmble output Jmer at the NT is 0 (A0 peak—to-peak measured witha -
first-order high pass ﬂlter centred at 30Hz, '
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- 7424 Start-Up Time Re’quirerﬁents

- Reference [44] does not specity a maximum start-up reqmrement. Itis presumed that thc
determlnatton of thls parameter is left to the discrétion of each manufacturer,

| 743 BT Electrical Speclﬁca.uons

7.4 3.1 Max:rﬂum Attmnable Line Length

The BT spec1ﬁcanon calls for 3 cab]es with makeups and msernon losses as spec:ﬁed in
Table 7. 6 ' '

LOOP # . SECTION1 |  SECTIONZ - . SECTIONZ INSERTION
m[_ﬂg. : . wss
iy | - . |
1 A L - .60
R A0ken (DAma) 1,55m (0,5mn) 0,55 {0,63mm) 430
2| edwm  15km @Smm o

TABLE 7.6 : BT Test Loops

Conformance with the maximuni line length specification implies efror-frée (BER < 1077)
tr imsmissionbased oria similar setuptothaioftheANSIspeciﬂcaﬁonasshown in"?igure 7.9.

The NEXT filter of Figure 7.9 is demgned to yleld a crosstalk vs attenuaﬂon 510pe of
" 4,5dB/octave and power-sum crosstalk attermation of SSdB at 100kHz.

The BT specification does sot evaluate performance in the presence of power-related noise
as does ANSL Instead, impulsive noise and sine-wave interference is substituted for the -
power-related noise impairment a5 shown in Figure 7.9. The BT r. juirement is such that
‘the transmission system must operate with a BER not exceeding 1 € 107 when dipulses of
10mV peak areinjected at the received-end at a frequency of 1008z A similar performance
- criterion is to be met with the injection of transverse and longitudinal sine-wave injection
at frequencies and Jevels as shown in Table 7.7. The 1ests mentioned abave are to be
performed on loop#1 as shown in Table 7.6.
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. PREQUENCY - TRANSVERSE LONGIFUDENAL
k] | INTERFERENCE INTERFERENCE
i fmV-pk-pl] - [V}
% -1 . 10 ' BT ]
an . 10 . 1w
6 : bl SRR T N
100 % 20
2 V- 20
500 T 20
1000 0 20
1500 "0 20

_'TABLE 7.7 BT-specified Maximum _Sine-Wave Injection
7 4.3 2'I‘ransn11t Signal Charactensucs ' |
The peak amplitude of & smgle symbol transmmed to hne i§ speclf ed nommally as 2,5\’

" The maximum mean transmitpower toline averaged inany 1second perlod mist not exceed'.
~11dBm, assummg a load m:pedance of 140 ohms resistive. -

* The output power-spectrum requirement is governed by the following conditions; the '
maximum mean transmit power avéraged in any 1 second pen'od in any 3kHz band below o
10KHz, must not exceed 0dBin, At a frequéncy £, located above 108kHz, the power must

ot exceed -12-60log (f/ IUSkHz) or -60dBm, whichever is the higher, up to a maximum

© frequency. of 10MHz. The upper-bound of the output power—spectrum is shown in
Figure 7,13, :

. DdBm : { < 108kHz . :
=12 ~50 iog ({/108kH2) dBm : f > 10BuHz ’ 1

LY 5_' 7 . B | B
I [ L 1 _
FREQUENGCY [MHz]

— W
-

. FIGURE?I3:UPPER-BOUND OF BT POWER SPECTRUM
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7.4.3.3 Jitter Reqn-ircments S

.The jitter requlrements are spe.clf' jed relative to the S-mterface, ie. 192kHz. The ]mer _
~ performance of the U-initerface receiver sbouid be such that the data transmitted from the

S-interface contain @ peak-to-peaL jitter component not exceeding 5%, when mcasm-ed o

 through a first-0 order HPleth its -3dB point at 50Hz.
7 4.3:4 Start- -Up Time Reqmremcnts

The time taken for the U-interface to achieve bnth bit- and ﬁ‘ame%yuchxomaanan at both
. ends of the transmission systemm, mmust be Jess than 200ms. 'I‘hlsraqulrsmentlsqmte stringent :

compared with the ANSI starfup- -ime, -especially considering that no pro\nswn jsmadefor -
" g "warm-Start’; ie. the system is-expecied 10 synchromse wnhm 200ms of a puwcr—up '

condition.
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'8 U-INTERFACE CHIP-SETS =
8.1 Introduction -

' B Five chis-sets, as shown in Table 8.1, were initially evaluated in terms of meeting each of -
' their respective: speclﬂcatmns, However, only three were found to offer sausfacmry
performance in terms of range, and were thus selected for further evaluanon The chip-sets
chiosen for further evaluation are listed under the first three entries in Table 8.1.

CHIPSETS# - MANUFACTURE . CHIPSET SPECIICATION -

1 _ INTEL/AT&ET . CoEsme - [ - ANst
2 - SIEMENS PEBN DURDESPOST - .
3 STCQUK} -DSPH4 . . . BT :
4 SIEMENS ©OPERMRL T ANST

5  SEL/ALCATEL - il ' BUNDESPOST

- TABLE 8. : U-Interface Chip-Sets

The aim of this chapter is to introduce the reader very briefly to each of the three selected
chip-sets without delving tou deeply into specific implementation details. For a thorough
coverage of each chip-set, especially for the purposes of incorporation into transmission
cqmpment, the reader is referred to [46), {47] and [48]. ' :

8.2 Intel 89120

The 89120 oomprises two 44-pin CMOS devices, viz. The 89122 Analog Front End and the
89123 Digital Loop Signal Processor. The 89122 performs the line interfacing and data
_ conversion flmcnons, while the 89123 performs the algorithm-specific s:gnal precessing,
-contm}, and access functions.

The 89120 block dlagram is shown in Flgure 8 -1, with a clear parutwn between system '
funcnans being hlghhghted fn the mdmdual clnps
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_ FIGURE 8.1 89120 CHIP-SET 'BLOCK DIAGRAM

The 89122 analog front-¢nd provides the 2B1Q hne coder (DjA conversmn), pulse shaper.
line driver, first order line balance network, VCXO clock generation and sigma-delta A/D
- conversion. The line driver provides pulses which allow the 2,5V template (1992
- requirement) of the ANSE spemﬁcatmntoben*:twhenconnected tothe proper transformer
and interfzce circnitry. The A/D converter 15 mxp]emcnted using a double loop sigma-delta.
modnlatur

A Voltage Controlled Crystal Oscillator (VCXO) provides the 20,48MiJz master clock for

the chip set. The on-chip phase lock loop provides the ability to synchronize thie chip-clock

to the system clock in the LT or the line clock in the NT. Data from the 89123 1o the 85122
- is converted to an analog comro! vollage for the VCXO. Provmlons are made for either an

on—chlp or off-chip VCXO.

'I‘he 89123 takes input at the K2 mterface (descn'bed be}uw) and forinats this information

- for the U-interface through a serambling algorithm, and the addition of synchronisation
bits for U-interface framing, This data is then transfen'ed to the 2B‘lQ encoder on the
89122 for transmission over the line. Signals coming from the line are first passed through :

“the s1gma—delta A/D converter on the 89122, and then sent to the 89123 for more extensive
signal processing. The 89123 provides decimation of the sigma-delta output (DEC), linear

. and non-linear echo cancellation, Automatic Gain Congrul (AGC), signal detection, Phase

- shift Imexpolaﬂon (PSD) Decion Feedbck Baualisaton (DFE), Thming Recover (TR)




descrambling, line code polarity. deti.cﬁun, and rate adaption for oulput. onto the K2

interface. The DFE circuit provides the functionality necessary for proper. operauon on

~ subscriber loops with bndged taps. -

The de\ncc prowdes rapid cold~startand warm-start uperation. Froma cold start, the devme ’
will typically be operational within 3 seconds. The device supporis acnvauon/deactwatmn _
and, when prc)perly deactivated, v " stors the BC coefficients such that, upon the naxt .

- activation request, a faster warm-start is possible. A warm:start. wﬂl typically require
200msec for the devire to becgme operatmnal.

The K2interface compnsesSlmes; Data Out (DO), Data In {DI), data Clock (C), K2 Frame -

. sync (F), and Master Timing Clock (MTC). C is a 512kHz output signal for clocking data

 into and out of the device at éne bit per clock cycle: F is an 8kHz signal indicating the start -

of 3 K2 frame, MTC accepts an BkHz system-clock as mput, facilifating exchange end-
synchmmsatmn : : .

| 83  Siemens PEB2090

The PEB2090 chip-set comprises two chips, the PEB20901 and PEB20902. The former is -
- responsible for the digital functionality, eg. encoding/decoding, echo cancellation, decision
feedback equalisation and digital filtering, while the latter manages the varions analogue .
~ funetions, ie. A/D and DfA & nversion, line buffermg and clock-generation, A funcimna[ _
- block chagmm of the PEB2090 is shown mF:gure 82,
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FIGURE 5.2 : PEB2090 CHIP-SET BLOCK DIAGRAM
- The PEB2090 “transceiver" fusictions are essentially quite sum!ar 10 those of the other two
chip-sets being considered. Besides the obvious differences in architecture as defined byits N
governing spemfica_unn, the PEB2090 differs notably from two aspects. Firstly, the
user-interface is defined by the ISDN Orienied Modular (JOM}interface, a product of the - - '
"Group-of-Four Turopean Telecommunications Equipment Companies’, viz. Alcate);
Ttaltel, Plessey and Siemens {49]. Secondly, the PEB2090 allows the aptien of ieading the
ECcoefficients duringnormal operation. This function provides aform of line fault-}ocation,
mthatpre— and post-fault coefficient-vectors canserve asmput., Io afault -location algorithm
- in the event of 2 transrmsston malfuncnon. ' '

84 STCDSPI44 |

The DSP144 chip-set comprises the DSP144 and ALT144 chips, The former performs the -
. DSPfunctions of filtering, echo cancellation and decision feedback equalisation, as well as
* data formatting, while the latter contains the A/D, D/A and line-driver circuitry, A
s:mphfied nlock dlagram of the DSP144 system is shown in Figure 8.3.
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FIGURE 83: DSPi44 CHIP-SET BLOCK DIAGRAM

A great deal of similarity exists hetween the DSP144 and the. prevmus two chip-sets,
especially in terms of the basic transmission systerm. The DDSP144 does however, differ in
respect of its user-interfaces, viz; V", "P” and "S', The V-intérface is a burst-made

- muitiplexed interface operating at a data-rate of 2048kb1t/s. Itis ganerau, ;~d at the
exchange-end of a DSL. The P-interface bears a fairly close resemblance to the K2 and
IOM interfaces. It comprises four signal lines which in turn support a clock, start-of- frame,
data-in and data-out signals. The S-interface reqmres no explanation as it conforms exactly
to CCI’I'I‘s 1430 specification. : :

- For the application around which this research report centres, the V- and S-mterfaces are
not usad, and data enters and exits the systern via the P- interface
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.9 EVALUATION SYSTEM
_91 Innnduchon

The dim of the cva!.latm'l system is tn provide the neoessary platform on’ whrch the
" transmission performance of each of the 3 U-interface chip-seis may be assessed. Due o

* time constraints, itwas decided to dssinasingle systemwhmhwould cater forall3 chip-sets, .
with a minimum of hardware redundancy. With this philosophy in mind, the evaluation
system comprises the following four :.ﬁb-systems: A single "motherboard" and three -

"daughterboards". The motherboard performs two primary functions, viz, cbntrolling and - '-f.

- menitoring the activation procedure, and formatting the B-channel data for use between
the"chip-set -and user-interface. Each. daughterboard supports one of the U-interface
chip-sets along with the associated analogue hybrid and clodc»generanon clrcmtry Since
attainment of maxjmum range is critically dependant on the PCB layout surtcinding each
ch:p—set, the daughterboard approachfaclhtates opnmumlayout dueto xtsphyswm isolation
. from the "noisy" micTOprocessor cn'cunry on the motherbaard :

In describing the evaluation hardware, an attempt has been made tG sieer clear of 's;--:cific _

deslgu details, as this only serves tr- . fuse the {ssue of the transmission system. In the

~ event of access to sehematics and design—speclﬁc 5oftware being reqmred the latter is
" phtuinable from STC [50] :

92 Evaluat System Motherboard

Ablock dxagram of the evaluahon system motherboard is shown in F1gure.9 1
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FIGURE 9.1 : BLOCK DIAGRAM OF EVALUATIQN SYSTEM MOTHERBOARD'
The motherbuard comptises essentlally 9 modules, each of which wiil now be briefly
-dlscussed :

92,1 Micrecontroller

The microcontroller constitutes the "intelligence on the motherboard. On J‘Bcgiﬁng an
activation command, it proceeds to initiate the activation sequence as required by a
particular U-interface chip-set. This process also entails the monitoring of status
information received from the U-interface 50 as t0 complete the sequence and achieve
successful activation.

A second function of the microcontroller is that of extracting supervisory inforination
~ provided by the chip-sets. Examples of supexvisory information include the following; CRC
or line-code viclations, eye-clasure, receiver noise and AGC values. Once extracted, the
data is processed and sent out via the ser;al-pon for dlsplay or recnrdmg. o

922 ROM

The ROM performs a similar fanction to that of “program-memoty" in any mierocontrofler
 based systera, viz; it stores an encoded verslon of the software which drives the
. microcontroller. Tt is alsoused asa storage medmm for any lvok-up conversion-taules. eg. .
AGC-ta-lnsertion loss table, '
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9.23 RAM

Extemal RAM is oﬂen omltted from m:cromntroller-based systems, as internal RAM i is
usually inchuded in the, microcontroller chip, External RAM is however, deemed necessary
in this design, 50 as to 'facilitate' temporary storage of relatively large data arrays, eg. EC
coefficientsin the case of the Siemens U-interface chip-set. The extemaiRAM also supports .
“its tradmonal role of additional vanable stnrage. :

9.2 4 Programmable Data-Formatter/U—Imerfaee Comro]ler '

' Tlns module serves two vital purposes, F'rstly, it acts as the mterfaee between the user
bit-stream/s and the U-interface ch1p set interfuce, the latter being based on one of three
possible interfaces, viz; K2, IOM, or P. Secondly, it converts commands received from the

- microcontroller into a form suitable for the parncular U-interface chip-set in use, and

conversely, presents rephes and acknowledgements evaslable at the U-mterface 10 the '

: uucrocontroller onrequest. :

Besides the features discussed above, the "programmable data-forni_atte: and U-interface
_controlier" is also equipped to perform local loopbacks as well as Bl- and B2-channel
combination if programmed to do so. The former function enables the complete

*transmission path 1o be tested, as data injected at one end of the transmission system is

output at the same end, facilitaiing ease of error-monitoring, The B-chan tel combination
facility allows the injection and subsequent monitring of test-data at twice the _

 single-channel rate of 64kbit/s, ie. 128kbit/s. By aliowing both B-channels to be tested

 simultaneously, 2 spemﬂed BER measurement can be m'ide in half the time required of a
sitigle channel measm ement.

© 925 _User-Imerfax:e

Theuser-nterface providesadata test-setwith-a'poinmf entryund exit for its digital testdata,
The electrical specifications at this interface are NRZ-coded at TTL voltage levels.”

The data bit-rate at the user-interface is selectable between 64kbit/s and 128Kkbit/s, In the
case of the lower bit-rate being selected; both the Bi- and B2-channel 1/O ports are active
-at 64kbitfs,whilethe "] K-QOUT port supplies a 64k Hz data-~clock, With the higher bit-rate.
selected, onlyihe Bl-chtmnel I/O is active at IZSkbltn’r, while "CLK-OUT" supplies a clock
of 128kHZ.
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9.: 5 U-Inierfat:e Daughterboard Iuterface

- Thisinterface provides the lmk between the mothe:bomd and any one of the three "plug Sn"

'daughterboardsalindedtoearlier. I'-iOrtunately,the mterfacessupphed by the manufacturers

* of the 3 U-interface chlp-sets are siffilar enough to ailow a smgle hardware-level interface
to suffice for all 3 systems S : :

The davghterboard interface_c'ofriprises 4 signal lines and ﬁ t:bive'r. input as shown in
* Figure 9.1."FSC" and "CLK" supply-a "start-of-frame" anu clock signal respectively 1o the
 miotherboard, while "DAT-IN" is a fevial input to the motherboard, conveying both data -

and status information in a multiplexed format. "DAT-OUT" serves as an input-to the -

cIrup set, bemg 1dent1cal in format tﬂ the. "DAT- IN" mgnal

9.2 7 Indlcators

" This module comprises three I..lght.En'uttlng Diodes (LEDs) and assoviated dnvers. The -~
LEDssimplyprovide avisual indication of the current status of the U-interface (eg, pendmg
' actwatmn, achvated), as well as trahsnusﬁon eTror momtoring

928 'I'I’L-to-RS_232 Converter »

" A means of communicating data B8tween the evaluation system and the outside world js .

necessary, Since the peripheral at'the end of the communications link would typicallybea’ - .- ¥

terminal or PC with built in "seridl" card, an R§232 (V.24) specification js needed, The .
~ TTL-TO-RS232 converter moduie is prmrrded to faclhtate the requisxte voltage level. "
conversior, : - '

Typical uses for the RS232 oornmilhiéation link include:

= -Initiation of _activatinn seqhence. :

- Read-out of activation séquence duration,
S Erro_r—rate monitofix_lg. 3 |

. Bye-closufe moﬁitoring..?‘

- Readout m‘: EC coefficietits,

' 919 Power Supply Unit (PSU)

'The PSU is mcluded here mcfely for'completeness,' sinee its op.eration should be
self-gvident, It must be pointed out, however, that the maxiroum attainable transmission
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range is quite dependent on the provision of a "clean" power supply, typically comprising
. noise not exceeding SV RMS, For this reason, the motherboard and each of the 3
: dmghterbnards. hiave been equ:pped with on—hoard vultagc-regulators

'93  Evaluation System Daughterboards :

The Schemaac for each of the three danghterboards will not be shown here; however, the
_ mterested reader is referred to the relevsmt data shee.ts [46]-[48], or the §TC schemancs
[50] ' .

What can'iie shown here; however, is a block diagram (Figure 92) of a typical
daughterboard bearing inmind that pach of the chip-setshas slightly different reqmrements
in respect of the annlogue hybnd and master-clock mrcmtry

oo | - o S
INTERFACE [ - : .
L | RS | .
| | bema || amaosue - SUBSGRIBER
S CHIP CHIP ¥ - LOoP .
* DAT-IN -. &m

- .m'r-wn N I__iu !_’

FIGURE 9.3 : B[;OCK DIAGRAM OF U-INTERFACE .DAUGHTERBOARD .

Referring to Figure 9.2, it is seen that the daughterboa.rd is coupled to the motherboard -
via a 4-wire interface as described previously. '

In gll three U-interface systems, implementation complexities have tqdafe prevented
merging both digital and analogue componenis onto a single substrate. This limitation,
coupled with the typically high value of receiver input impedance, imposes fairly severe
constraints on the circuit board layout in order to prevent stray sources of interference from '
being coupled into the system, '

‘The master-clock is shown dmgrammaucally as gerystal. In reallty, while a erystal suffices
at the subscriber-end of a ISL, amore complex external PLLis needed at the exchange-end
o achieve sym:hromsatlon of the system wlth the network. :

The hybrid is shiowtt in a much-simp' fied- f0rm Essenually, however, the princ:p!e of
nperation is such that the refurn-loss achieved by the hybrid is a function of the match
between the line-impedance and the source and load impedances presented. at the
circuit-side of the transformer. The design of the EC is generaliy such that even & 0dB
- return-foss will ensute the spec:fied transmission range.
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10 CHIPSET PERFORMANCE
101 Introduction

The purposa of this chaptér is to present a coherent and suceinct ovenriew' of the tests
performed on each of the three chipsets described in Chapter 8. Thie number of possible
 tests applicable to a transmission system is limitless. However, emphasis hias been placed
on those tests which highlight a specific performance criterion, viz; BER vs transmission
“range. Other criteria, such as power consumption or maintenance and supervisory chiannel
perfonnanee have aot been cnnsxdered,. A : '

_ Sxxmdependent tests form lhebams forthe ch!pset evaluations, These oumpnse "noise-free”

' range-tests, range-tests inthe presence of noise, transmit power tests, power spectrum tests,
receive-clock jitter, and activation-time - tests, The activation-time tests do not
strictly-speaking affect transmission performarice, but they do play a role in the overeil
petformance of an ISDN, as ]engthy call setup times are unattractive from a subscnber’s
point of view. :

Stremer [51} defines noise as "any vowanted signals, random or deterministic, which
interferewith the faithful reproduction of a desired signalin a system"”. To this end, therefore,
three tvpes of intérferingsignalhave beenused in assessing transmission raﬁgeperfdmance
1in the presence of no:se viz; bandhrm{ed gaussmn nms:e, single smusmdal tones at v :rmus
frequencies, ar'd 1mpulswe Dojse.

Each test and associated results will now be discussed;

‘102 "Noise-Free" Range Tests

'The quotation matks contained in the tittle are included, since it is not quite accurate to
speak of & completely “noise-free” environment. Extrancous sources of noise are always .
present, ie. main}induced interference, unfiltered power-supply components, crosstalk
from adjacent turns on the laboratory cable-dmm, and thermalnoise penerated by the cable
itself, The term "noise-free” is therefore intended to imply that no additional sources of
noiseare mtennonally introduced, At the sameUme, an attempthasbeenmade to minimise

" all controllable interferénces, eg. by designing well regulated and filtered power supplies, -

‘Before describing the tesis, a brief description of the cable test-bed at STC is necessary,
‘The latter compris_es eight mounted cable-drums, each of which holds 2 single length of "
80-pair cables, These cables are in turn terminated on confectors, facilitating ease of
 interconmection. The characteristics of a typical cable-pair from each of the drumsare listed
in ‘Table 10.1, :
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NOMINAL

THEORETICAL

' GAUGE MEASURED -
DRUM KO, {mm} LENGTH LENGTH AYTENUATION | ATTENUATION | -
- - e L m) (dB{km} iy -
1 wAd L w0 9w oz 1 e -
) 04 1 €00 B O 107 V)
3 05 W 0 7 . 3
4 s 200 .ooar . .16 7
5 083 - - 1000 1004 44 - sA
6 -0 W0 219 S . -54
7 .. Op ' . ) ] 21 36
LI B R | . m F I a6

TABLE 10.1: 5TC Cable Test-Bed Charactensﬁes

- . Note the dlscrepancws between the measured vahses of a1tenuanon and those celrmlated_' .
from the tables of primary parameters contained in-[13}. Interestingly, these same
‘parameters form the basis upon which the test loops in ANSI TL601 {43] are specified.

" Sinice the cables at STC (and evidenﬂythqse comprising the SAPT network) arenot identical -
to those upon which the ANSI test-loop are based, it is futile to base the transmission range _

" tests on cable length. Instead; in building up.a particnlar ANSI test-loop, sections of a Joop

are indmdually measured so as to be in close accordance with the theorettcal value of - -

attenvation. The reference frequency at which all attenuanon measurements and
‘calculations are spemﬁed is IUUI{HL -

Al speelficauons of maximum transmissionrange must be eeeompeniudbya corresponding '
indieation of allowabie BERs. The three U-interface specifications considered in this report
all require 2 BER not exceeding 1x10-7. To adequately test for such a BER, onie needs to
monitor 108 bits and verify that fewer than ten bits are erroneonsly received. To speed-up
the measurement procedure, the B and B2 channels are multiplexed onto a single channel,
thereby yielding a transmission bit-tate of 128kbit/s, The measurement period is therefore
103 + 128 x 107 seconds, fe, 13 minutes. '

1021 Test I’rocedure '

The test procedure is shown dlagrammaucally in F1gure 10, 1 For each test, a section of
cable is inserted between points X and Y, whereafter the system is activated from the LT
transceiver, Apseudo—randombmary sequence of Jength 215-1 js then injected at 128kbst/5
into the LT, while the teceived bit-stream is monitored for errors. Should more than 10
bit-errors be received in a single 13 minute penod the cable is shortened shghtly, and the
_test repeated
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| WAG PATIERR
GEMERATOR [PFG—1) —

NT {8+ + 23

WaS DIGTAL ERROR
RATE METER (PF¥-1)

 FIGURE 10,1 : NOISE-FREE, TEST SET-UP
1022 Test Resulis

. Nine test loops are selected to evaliate each systemn’s noise-frée transmission range -

. performance, The first four loops are composed exclusively from one of the available wire |

- gauges, with the tests being performed using the maximumn length of & particular gauge
while' still maintaining a BER not exceeding 107, ‘These results are summarised in -
Table 10,2. The last five loops arc tested in 4 go/no-go fashion, fe. for each test, a note s
made of whether a partimﬂarfest—loop allovs transmission with a BER not exceeding 10-7,
Theseresulis are summarised in Table 10,3, Note that the ioopsarenumbered inaccordance

-with the ANST TL601 [43] specification. Note also that only loops excluding bndged taps

are mcluded, smoe the latter are not prevalent in the SAPT petworks, o

MAXIMUM TRANSMISSION RANGE MAX'..‘\-'IU.\{ CAHLE ATTENUATION
FORBER <107 (ki) ~ - @ 300Kz FOR BER <107 (dE)
WIRE - - IR

GAUGE |. 2810 MME43 5U32 2B MMsi3 | sUm
(o) : 1. o
o4 558 Y . 542 5657 -] S8 sifa
03 76 13 4 S764 ¢ so8 | seM
0,63 134 us - 126 B3 - [ S0 5%
a9 B4 mA 2D _ 6058 5760 8304

TABLE 10.2 : Noise-Free Test Results (Single-Gauge)
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_ " BER < 10:7 (" INDICATES SUCCESS)

ANSIT1.601 . 2BIQ ' MM543 su32 .
1LOOP NO. ’ : - 1.

1 p ] .

4 - L LN

? - I "

a . . ..

) 13 .I Toe L[]

TABLE 10:3 : Noise-Free Test Results (ANS[ Lonps)

. Table 10.4 lists the cumpomuon of the five Joops used in the nmse—free tests, Each loop is
composed of 2 number of sections, up to a maximum of four. Each section is characterised
by & particuler gauge and length, 2nd corresponding attenuation. The loops are listed in
" terms of their ANS requirements as well as the actual values of attenuation as measured
on the STC cable test-bed. In all cases, actual attenvation of each loop section cxcaeded
that speclfledbyANSITl 601 '

o mrnoopsgcnérzoo.\smsmcm - e
SHCTIONT |  SECTIONZ SECTIONS | SECTIONd | TOTAL
'ANSITLS01 | Gaupe | Langth] Atlen, | Gauge Length mm_«.. Gouge [Length| Atten. | Gauge thglh Atle, Lcngih Anen,
| LOOPNO, { ()i (m) | (9B} j (mm)| (m) | (dB) | (mm)| (e} [ {d4B) | Gwen) [ () [ (0B} (m) f 0} |

| 1 jobeoretiom| 04 [ stao |S53&| 05 | 40 [ 3se | - - - f -] - - | 5490 | s |
| 1 | Measared | 04 ] S0 | Sag6] 05 | 470 { 3514 . - -] - <] - | sae | e

4 [Tucoretical] 04 | 2200 | 2521 | o5 |10 | w041} o | e0 | 331 | oa | o10 | 1002} 5180 | 2595
80 04

4 |Messurea] 04 F2ua f2610 [ 05 | 100 [ 1065 | ogs 580 - 930 1006 | 533 | 5804
7 Pnworetint] 04 {amofasas| - ]« -] -] <) 2 .- ] o lamn)asas
7 [Mensorea| 04 Jamy{as6] - | -] - ] - - - S R N - AT
1 12 [Theorstion] 04 [ 2200 f2520( 05 | 13m [1041[ 04 | 460 | 506 | - - - | s fas]
32 |Measured | 04 | 2440 [ 2828 o5 [ w00 [1073{ 04 | s ) 5@ | - - - a4 | 434
15 [rneorcticaf 04 {30 favprd - - | - f - | o) -] - | - [sefan
15 { Messured [ 04 | 3720 | 405§ - NERE - - -1 - - | 390 | 2035

TABLE 104 1 Composition of ANST TL.601 Loops
1023 Analysis of Results -

" The noise-free range tests givea fsiirly clear indication of the relative performance of each
. system. With reference to Table 10.2, it is evident that MMS43 is the poorest performing
system on all four cable gauges. 2B1Q performs the best on all the cable gauges except,
surprisingly, on the (,9mm gable, vhere the SU32 system offers 2 2dB improvement, The
SU32 system is only marginally inferjor to the 2B1Q system on the two thinnest gauges.
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W:th referance to Tablc 1G.3, 1t canbe seen that all five test loops are vmhin the capabilities
of the 2B1Q and SU32 systems, while all with the exoept;un of Luop 1are acceptable to.-

the MMS43 system. .

In the latter case & test 1uup based on Loup 3, but prcmdmg a Ieduoed attenuahon.
created, The shortened loop was composed of 4300m of 0, 4mm gauge and 400m of U,Smm :
gauge, yielding a tota] attenuation of 49 72dB

~In companng Tables 10.2and 10.4 orie can arrive at asagmflcant conclus:on about allthrL.e .
systems. The mixing of _cablr. gauges with its associated mismatching and corresponding
reflections, appears to have little effect o the maximum transmission range. Evidently, -
attenuation alone seems 1o be the limiting factor, irrespective of the cable composition,
“The most likely explanatior for this phenomenon is the inclusion of both an EC and DFE
in each system, The former is responsible for minirnising the effects of reflections due to
nusmatr:h while the latter caters for group delay vanatlons m cables compnsmg a mix of

: gauges.

103  Range Tests in a Noisy Emrlronment

As previcusly stated, three noise _impairments are considered in this range of tests,. viz;
band-limited white-nofse, transversal sinusoidal-waveform single tones, and impulsive
noise. The results of each test are presented in the next section. :

A means of injecting the abovementioned sources of noise onto the cable-pair had to be
designed. A cirenit facilitating this requirement, ie. a noise-injection cireuit, is depicted
schematically in Flgure 10.2. o :

The nmse-mjecuon cirenit is charactensed by two features. Flrstly, it provides a
- hlgh-lmpedance balanced coupling to the line. The impedance of the cirenit facing the line
is des:gned so as to have a minimal loading effect on the cable-pair. Secondly, the .
. noise-injection circuit provides a maiched m:lpedance of 50 uhms to the noise source,
. thereby e.nsurmg maximum power transfer, : o
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. FIGURE 102 : NOISE-INJECTION CIRCUIT

Vi, introduced by the noise-injection circuit, can be calculated by

The total insertion toss,
tons A, B and C of the circuit. The necessary

summing the contributions due to sec _
- caleulations are shown below, through eque fons (1) to (3).

2, = 7270//30k = S852Q o
Zp L z18% = 22,90 @
e

Via = ~z010g{ 23] - é,sds '
Vgg=—20]og16u-—24.1d3(assqrﬁing an ideal '.trdnsf'orn.ter) 4)
v,,c - —2oi§g[;;°—o]'.= 40,348 - o | e

i circuit is the sum of VL.A, VLB and Vi g3 ie. 23dB:

deal transformer, the measored insertion-loss.
range. The amplitude response of the

The total loss of the noise-injection
‘Due to componeiit tolerances and a non-
differs slightly over an extended frequency
noise-injection circuit is shows in Figure 10.3.
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FIGURE 10. 3 NOISE-INJ'ECT 10N CIRCUIT AMPLITUDE-RESPONSE

The test—procedure for the noise-tests is based on the block-diagram of Figure 10.1. Nmse
is coupled into the cable at poiat X via the noise-injection circuit. The noise amplitude is
then incrementally increased until a BER of between 10-6 and 1077, is achieved. In practlce, '
- themoise amplitude is increased until no more than 38 blt-arrors are observed in a 5 mimite

measunng panod
10.3.1 White-Noise Range Tests

The white-noise genarator forms part of the HP8904A Multi-Function Synthemzer The
" noise bandwidth (-3dB) is specified as 600kETz with a crest-factor of 4,4, Due to the rather
limited . frequency-response of the nmse—mjecnon cirenit however, the equivalent
noise-bandwidth is cunsxdarably lower than that obtained dn‘ectly from the noise generator
(appronmately 200kHz), -

The tests are tepeated using various ceble lengths of 0,4mm gauge. The esults are listed
in Table 10.5, Note that the meximum noise power available from the HP8904A, is mot
sufficient to canse any errors at cable iengths below ISOOm -
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a0 . Mwss _ Sum

Lengh [ Cible | Power |DBitBroms| BER | Power [Biteroms] DBER | Powse | Bitoroms| DER §

(m) - | - Aten, into } inSmin | GOOT inte | .inSmin [ (X% [ im0 inimta | I
@) | ma-{ [ ] W N R .- N
. . (8¥). L o i (mW). g W b
1850 2091 | »6x0 | 3 08 | @630 o | o | s { s 51
I | | | 197 18 4 sy #® | % | uw. | = 55
3720 4825 - 459 4 FLIE T O o lo4a | o= | oW 52
650 | N4 ] T 8 21 40 14 38 13 T o= &3
- 5580 B®F | 13 T4 10 - L. - [ a5 81

TABLE 10.5 : White-Naise Results

1032 Sine-Wave Tesis

The aim of.thcse tests is to ascertain each of the syste’s robustness in the presence of a
single sinusoidal tone at-a number of ' spot" frequencies. The voltage injected onto the line .

- isincreased until a BER between 106 and 10-7 is achieved. The tests are carried out using
a {,4mm cable of length 4650m, with auenuatlon of 50 14dB, measured at 100kHz, The

results are listed in Table 10.6.

2| : ' MMSI3 T SuUa2

Frequenty | RMS | Bhemem | . BER RMS | Bitemors | BER RMS | Bitcoroms | BER
(Hz) [ Isjected | inSmin (xw-?) Injected | inSmin | (K0T | Djorted [ inSmin | (K107
: Voltage | witige | : | valiage : e
B SV} f - {mv) - . S AmVy
8 51 18 o4 22 i2 a1 30 8 21
16 33 un | 20 8 21 35 - 36
46 29 6 S ¥ I 1,8 9. .23 2% 1. 39
& 36 7 18 F1 4 0 38 [ 1,6
80. =161 t [ 41 16 43 1A 4 10
ww >80,9 o 0 - 16 25 »909 0 (i}

TABLE 10.6 ; Sinusoidal-Tone Injection

Note that a ">" sig:iiﬁes'that insufficient amplitude is available at the signal-generator -
output 10 cause errors. The voltages indicated are those measmed at the output of the
noise-injection cireuit terminated in 70 ohms. :

1033 Impulse—Nmse Tasts

Impulsemmse. is prevalent in networks in which electromagnenc svatchmg is nsed. Smce '
the nse of electromagnetic switchmg is still fairly mdeSpread in the SAPT network, it is
essential that any prospective U-interface undergo nnpulse—nolse tes.mg.

'I‘hewa\efo.rmusedto mmulateimpulse-nmsms the dlpu]se-tam shawan‘gure 104 'Ihc
rcpennon-rate is 100Hz, while the d:pnlse-mdth is choser as 10&15 '
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£ "t’URE 104 : DIPULSE-TRAIN SIMULATING IMPULSE-NOJSE

The test procedure for jmpulse-noise testing is similar to the procedure used for

' sinisoidal-tone injection. The dipulse-train shown in Figure 10.4 i5 coupled into the cable

via the noise injection civenit, The peak-to-peak amphtudc of the waveform i is steadﬂy
 increased, until the number of bit-grrors observed in a § minute penod lies between 4 and
38 (ie. 1077 < BER < 10°6). The cable uséd in this test is 0,4mm in diameter, 4650m in
length, and ias an attenuation of 50,14dB when measured at 100kHz,

The impulse-noise test results are summarised in Table 10.7.

SYsTaM plepk BIT-BRRORS BER
BNJECTED INSMIN B )
VOLTAGE : : ;

. (V)

281 ns s 13

MM$L 10 9 76

sUR 162 5 a9

TABLYE 10,7 : Impulse-Moise Resunits

/1034 Analysis of Results

The white-noise tests yleld interesting but somewhat surprising results. Since the SU32
system attains 2 substantially longer noise-free range than that of the MMS43 system, one

- would expect the SU32 system to exhibit superior noise-performance relative tothe MMS43

system. The opposite is in fact true as evidenced by Table 10.5; ZBIQ performs the best,
followed by MMS43 and SU32. :

_ Iu terms of musmda,-tone mjecnan, Table 10.6 indicates dearly that the order of
performance at any distorbing frequency is 2B1Q, SU32 and MMS43, It is also interesting
to niote that the 2B1Q system is most sensitive to disturbing frequencies in the range of 16
to 40kElz, the SU32 system is to frequencies between 16 and 54kHz, white the MMS43
systemn is most seusitive to disturbing frequencies in the range of 16 0 64kHz.

. The impu]s&noise testsyield simﬂar results to those pFthe white-noise tesfs, as highiighted
in Tabie 10.7, ie. ZBIQ offers the hlghest performance, followed by MMS43 and SU32
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'1_0_._4 . Trensmit ?cwer Testé
104.1 ‘Test Pracedure

- In order to measure the average power appearing at one end of a U-interface, use is made
of the attennation pad shown in Figure 10.5. This device replaces the cable for the purpose
- of accurately measuring the power developed across one end of the pad. The res:storvaiues '
. showninFigure 10.5arechosense  toachieve an insertionloss of 33dB between termmals
AB and XY, while mamtammga -vad mpedanoe of 140 ohms at either end. .

. 5

147ohms . 147p0hms; l

1400hm
) 1 k5

'-..Bc' - _. /vv.v —— _.s\{.

FIGURE 10.5; A‘I'I'ENUAT{ON'PAD .

* Inorder not to cause nnbalance in the transmission system, the power measuring device is
required to present a balanced load impedance to each of theinput terminals A and B. This
is achieved through & high impedance transformer couplmgas showninthe 'lransmlt Power
Measurement setup of Fxgure 10.6, :
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' FIGURE 106 : TRANSMIT POWER MEASUREMENT SETUP
Theprocedure for meésilring the teansimit powéris quite straightforw.ard. Bach of the three
- U-interface systems is activated with the attenuation padmplac& The RMS voltage readmg'
is then recorded. '

' 10.4.2- Test Results

. In order to conve.ﬁ the RMS voltage readings descritred above, into true power values, a
resistive load of 140 ohms is assumed at the input to the attenuation pad, The reSults are

summansed in Table 10.8 _ _
RMS A rransmiT | mx‘smr TRANSMIT
SYSTEM - VOLTMETER VOLTAQS © POWER - - PO'WER -
READING (¥} NTo INTO
{mV) 14tohms 14Mohms
. . %) - {dBm)
2810 B . B2 181 - 126
MMSSS B un 155 19
SUR2 310 1240 10 104

TABLE 10.8 : Transmit-Power Results
1043 Analysis of Results |
The results of Table 108 highlight &n important characteristic of Uinterfaces, and
. transmission systems in general. Increased transmit power does not necessarily imply
increased transmission range. In faet, the SU32 system requires a transmit power 1,5dBm
1ower than that of the l\fﬂ\'IS43 (10,4 vs 11,9 dBm), yet it achieves a noise-free range of
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* approximately 8dB higher (58 vs 50 dB) whenmeasured at 100kHz on 0Amin cable, The
2B1Q system, due to i*s.quaternary line code, needs a relatively high tranismit ppwer to
" achieve the required signal-to-noise ratio at its maximum range. ' '

10.5 Transmit Power Spectra -
1051 Test Procedtire

' The test setup for fﬁeasuring the output spectr'ai is essentially the sal:_n'é as that shown in . |
Figure 10.6. However, in place of the RMS yoltmeter, a RP35T7A Network Analyser, is
_substituted: The Netwerk Analyser is set toa sweep time of 105w, ¥th start and stop

g frequeﬁcie_.s of 0 Hz and 500 kHz respectively. The resolution bai. 2 Adth is set to 1kHz.
1052 Test Resuls | | |

" Tne recorded power spectra_of the 2B1Q), MMS43 and fu3z systems' are reproduced in-
Figures 10.7 to 10.9 respectively.

13-




' REF LEVEL . /DIV..
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STOF 500.

000 .000HzZ

FIGURE 10.7: 281G POWER SPECTRUM
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. BEF LEVEL  /BIV MARKER 100 000.000Hz
o.000dBm 10.000dB  MAB (A} - —59.480d8m
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FIGURE 10.8 : MM$43 POWER SPECTRUM
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REF LEVEL  /DIV¥  MARKER 100 000-000Hz
O,000d8m 10,000dBE | MAB (A) - =58, 260d8Bm

START ©O.O000HZ ' STOP 500 000.000HZz
AMPTD —~40.0dBm ' - .

[Ty

l"IGURE 109 S’U32 POWER SPECI’RUM

10.53 Analyms of Results

F1gu:es 10.’?r to 10.9 do not deplct absolnte values Gf pov.'er spectral denmy In converting -
to absolutsvalues,_a correctionof +10,5 aBm must be added to each point fri the PSD plots,
50 as to account for the batancing transformer voliage gaitt, and impedaace conversion from
- 140 ohms to 50 ohms, Of more importante however, is a companson of the PSD "shapes"'
. for each of the three systems under cons:deratmn. - :

Ini makmg comparisons, 4 useful reference fxgurem the frequency at which the PSD drops -
to ~20dB of its highest value, With reference to the three PSD's, these frequencies are
approximately 60kFHz, 95kHz and 90kHx: for the 2B1Q , MMB543 and SU32 systems
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respecuvely 1t an therefore be congluded that the 2B1Q ‘has the lowest bandwldlh
requirements, followed by the SU32 anid MMS43 systems. This characteristic can be largely
attnbuted to the reSpectwe baud-rates of each system, viz; 80, 108 and 120 kbaud,

Another mteresnng feature of the 2B10 and MMS43 PSDs is the presence of tranSmlssion
_ 'nulls at miultiples of the baudrates, fe; 80 and 160kHz for 2B1Q , and 120 and 240kHz for
MMS43. Conversely, the SU32 PSD is characterised by a low—pass-flltcrcd spectmm. '
containing ncgl:gl'ble energy above 130kHz.

10.6' : Clock—J itter Tests

_Ofali lhetests performed on the U-interface systems, the ones involving c]nck-puer proved '

to be tbe most challenging. The reason ‘behind the dlfficulty lies in the fact that a- . - .

commercially available jitter-meter appears tobe unattainable. For thisreason, andbecause -
jitter is deemed to constitute an important aspect of a transmission systems performance,
a special piece of equipment was developed for the sole purpose of facilitating the
‘measurement of clock jitter, The customised "fitter-meter"is not capable of measuring jitter -

. unhided ; hence, once captured, the jitter-bearing data is transferred to an IBM "PC", where

post-pro cessing produces avaIue representing the peak-to-peak jitter of the extracted clock.
10.6,1 Test Procedura |

The _jlttep-mcasurement setup is shown in Figure 10.10.

| fesTrooe o b e | o Loeerenwe | SIGNAL |
LTU te NTU et IITTER—METER e e
XY . STROEE  (ATA sy :
' gl

K

HP163¢ :
LOGIC il IBM PC
HNALYSER '

FlGURE 10 16 JITI'ER-MEASUREMENT SETUP

The des;gn of the "_|1tter-mem"‘ Is well docnme.nted {50}, and will not be covared in this' =
report, A brief description of the pnnmplewuf-ope:aum, is however necessary, and follows
now, The "jitter-meter" comprises essentially two furctional bnildmg-bloclﬁ. viz}

free-running 16-bit counter clocked at IOOMHz via the external s1gna1 generator, and a
16-bit latch, designed to capture the counter output on every occurrence of an input data

=117




risirig edpe, Since'the jitter-mélef is not equipped with mernory, latched values are captured .

and stored via the Ioglc analyser, before bemg transferred to-the IBM "PC“ for further = .,_'

. processing.
Due o thelimited storage capacity of the HP1631 Logic Analyser, itis essential to minjmise

* the amount of redundant information captured. To clarify this point, consider the Iollowmg'

* example. The SU32 timing extraction mechamsm ‘maintaing synchromsatmn with the
" received signal, by inserting or deleting a single master-clock cycle if so required, at a -
particular instant in each frame. Since the frame repetition rate is 1,33kHz, it makes sense
.. to measure the fitter content of a clock designed to be as close to 1,33kHz as possible. . i

Extracted clock frequencieshigher than this frequency containredundantinformation which

. limits the useful record length, and hence resolution, The user data-clock of 128kHz is
therefore 'icaled down to ZkHz before being fed to the ‘jittex-meter for processmg

In order 19: yield meanmgful jltter measurements, it is necessary to vax‘y- the free-running
master cloéks in the LTU and NTU relative to each other. In practice, the LTU master
clock is adfusted to within 2ppm of its nominal ﬁequency, while the NTU master clockis -
pulled plus or minus 90ppn1 relative to the LTU clock. : -

The actual test procedore is as follows. Atestloop compﬂsmg4600m of 0 4mm gauge cable,
and providing an attenvation of 49,97dB when measured at 100kHz, is inserted between -
points X and Y of Figure 10,10, For each sysien, the NTU is pulled 90ppm either wayof
the LTU frequency, whiereafter a jitter data-record is captured. Bach record is then
transferred to an IBM "PC" wherc itis dlgltally processed 10 yield a plopk fitter value.,

10.6.2 ‘I‘est Resulis

Part of the digital processing pei‘fofmed on the IBM "PC", comprises a HPF, with corner -
frequency set at 50Hz. 'I‘hefil‘téringfunctionisneccssarym remove the low-frequency jitter
components, otherwise known as wander, “The pk-pk jitter results are presented n
Table 10 9, with and w:thuut the mclusion of the. HPF '

ma;auaucvom
C ppm o tppe ¥S0ppn
‘pkpkTter | plepklitter | pRepkMier | phpkfter | phpkltier | plpkJitter
SYSTEM wihout HPF | . wihHEF | “wihoutHPF | wihHPF | sithontHPF |  with HPF
' oy - {UD) {un {on (un (un
| 003 ‘000 oo ] afer 000 ©oge
MMt 063 o2 onte o012 063 o2z
sux 00 0.034 0018 o "0 0,029

TABLE 10.9 : Cloek-Jitter Results
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1063 Ana1y51s of Results

The j ]mer results listed in Tabla 10.9 showa that the 2BIQ g stem offers the lowest jitter
of all three sytems, The reason for this can simply be a_ttn'bu_ed to the implementation of
the receive-clock PLL. In the 2R1Q system, the PLL is implemented externally via an -
analogue voltage-controlled crystal oscillator, The latter is thent pulled to the desired
‘frequency and updated un a continuous basis. The SU32 and MMS543 systems, on the other
hand, rely on a free-running crystal oscillator at the NTU, The technigne used to maintain _
synchronisataionwith the received sxgnahs apenodic inserﬂonordeletion of amaster-clock -
‘cycle. Since phase-correction can only be achieved at_ multiples of a' clock-cycle,
in'stantaneous jitter is increased, For the same reason, the MMB43 systen’s pk-pk jitter is

B Iess than that of the SU32 system, due to the former‘s ]:ugher master-clock ﬂ'eC;uency

10.7 Actwatmn-Tlme Tests

' "I'he activation-time ofatranm-uissionsystemcanbe defined es the time taken from initiation
of an activation sequence to the establishment of a full duplex transparent data-channel,
As will be shown later, & substaniial vanatlon exists in the actvauon times of the three

U-interfaces.

The 2B1Q system provides a feature not supported by the other two systems, viz; the ability

to perform either a “cold-start’ or a 'warm-start’, The former epplies to a power-on

~ activation-sequence, while the latter facilitates a faster activation dde to previously stored

EC and DFE coefficients, The requirements for a "warm-start” include firstly, 2 previously -

achieved orderly deactivation sequence, and secondly, an umnterrupted power supply
during a state of deactivation. :

10.7.1 Tust Procedure

The activation-time of the U-interface chip-sets is measured quite simply by means of the
HP1631 Logic Ana,lysér. All three transmission-systems are controlled via the terminal
- keyboard which, on having the appropriate key pressed, initiates & microcontroller software
routine, The latter issves the commands necessaty to activate or deactivate the transmission
-~ system. On detection of the activation command, the Logic Analyser is triggerer., thereby -

recording the time taken from the start-of-activation fo the completion-of-activation - -

sequence, Each chip-set's activationtime isthen directly read off th “ogic Analyser display.

Forthe purposes of this test, four experiments are conducted to dscertain the activation-time -
characteristics of eachsystem, viz. 2B1Q "cold-start”, 2B1Q "warm-start”, MMS43 and SU32,
It each experiment the systems are successively activated using one of three standard cable
lengths of ,4Amm guage cable, labelied "short", "medium"and "long"respectively. Thelengths
and attenyationis of each cable sectmn are shown in Table 10.10. This table also lists the '
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mean activation-time Q, for each trial the maximum acti\ration-ﬁme MAX, the standard
- deviation o, as well as the coefficient of variation denoted o/ il The latter f‘ igure gives a-
normalised 1nd1cat10n of the "spread" of values for each trial,

10.7.2 Test Results

The results of the tests are presented in Table 10.10,

SYSTEM . . SHORT-CABLE MEDIUM-CABLE - LONG-CABLE
'1860m or 19,9648 © 3%0mor PYME 4650m or 49,9758

.-.n{n.ia.}' MAX o o/n | uims) | MAX [} o/p | nimsy] MAX a iz
) {ns} . (msy | . o f ms) |

2B1G ~ColdStart | 20615 | 2100 | 202 | 00098 { 2070, 2100 [ 199 [ 0p0s; 2uep | 2132 | 565 | o027
{2810 -WarmStat | 913 1 969 | 28 | o0 | 1023 | weB | 3g [ nos7 ) ama | e | 88 | pem
’ MMS43 5ug | 57 | 159 | ok | o7 | 7028 [ 354 | e 30801 3612 | 2957 | 000
. §us 160 | 1178 ) ros fooow | 168 | 539 | 147 (0oL | 1604 18 | 106 | 00091

TABLE 10,10  Activation-Time Results
10.7.3 Analysis of Results

Table 10,10 highlights the large variation in activation-times. for different systems and

- different test-loops. The SU32 system exhibits-activation-times which are largely invariant
with increases in cable attenuation, as well as offering the fastest "cold—s_tart" time of ali the
systems. Its *spread” of values also appears to be constant for each cable length,

The MMS43 system does not support a “wann-start* option, but offers activation-times
which are quite acceptable with short and medinm cable-lengths, With long_cable-length's
(ie. > 4,6km), its activation-times are fairly long, being in excess of 3 seconds. Interestingly,
its coefficient of variation tends to indicate a somewhat broader spread of actlvanon-t:mes
for long cable lengths.

The 2B1Q at:tivatiun-timas increase slightly with increases in cable-lungth, The "cold-start"
timesare relativelylong, but are quite acceptable whenconsidering the fact that a "cold-start”
is usually necessary only after a loss of power. Since this should rarely oceur in practice; the
duration of the "cold-start" is generally unimportant. The 2£1Q 's "warm-start” time is,
‘however, superior to all other systems with short- and medium-length cables, and only -
marginally inferior to the SU32 systems activation-time when transmitting over a
long-cable. Its spread of acnvation times is also relatively eonfined especually in its

~ "cold-start* mode, : : - :

| Appendix B offers ag:aphlcal representation of each trial’s results mtheform omebabihty h
Distribution Fonctions (PDF).
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11 'CONCLUSION -

The eséenﬁal aim of this chapter is to integrate the findings of the prévious chapterintoa -
coherent form: In so doing, a framework will be provided on which a recommendation
regarding a U-interface suited to the SAPT network, can be based.

* Thusfar in this zeport, no consideration has been given to economic factors. The latter may, .
in fact, constitute the overriding criteria in selecting an optimal solution. Stated another
. way, it would indeed be inappropriate to suggest a solution offering marginal technical
-advantages, yet involving a cost which i is tmal]y prohibitive, It must be borne in mind that,
if ISDN is to be implemented in SA, every subscriber-loop will eventua]lybe provided with
two U-interface chip-sets, fe. one at each end of the loop, The fact that two voice-channels
(or even four, if for example, ADPCM is employed) are in principle available, will not .
increase revenue if the vast majanty of subscribers still require but one telephone, In other
words, for ISDN to Le, economically viable inasfar as the average household is concerned,
the cost of an "ISDN telephone® must be no higher than that of its traditional analogie
counterpart, With the above in mind, attention will also be directed at economic factors
when makmg a final recommendauon later in this chapter. '

11,1 Technical Cons;derahons _

With reférené_e‘to the noise-frer. test results listed in Table 10.2, itis evident that the MMS43
system is clearly inferior to the 2B1Q and SU32 systems in terms of transmission range.
The 2B1Q system, for example, is capable of operating over a distance which exceeds that

" of the MMS43 system by 930m, or 20% (assuming 0,4mm cablc). The difference between

-the SU32 and ZB1Q Systenis 15 Jess marked. A mere 160m, or 3% using & 0,4mm cable,

separates the two system’s capabﬂmes, with 2B1Q bemg superior.

In Tespect of range performance in a nofsy envirorment, a shghﬁy differently plcture
emerges, Table 10,5 indicates that MMS43 offers improved white noise performance over 3
SU32, particulasly at lower cable-lengths. MMS43 even displays better white-noise
performance over 2B1Q at cable-lengths below 3km. However, the 2B1Q system emerges

~ the most tolerant to white-noise interference for cahle—]engths in excess of 3,5km (assuming -
a 0,4mm cable). The impulst-noise results of Table 10.7 elicit similar conclsions about
relative performance, while the sine-wave interference results depicted in Table 10.6
‘suggest a2B1Q, SU32 and MMS43 order of merit. ' '
In tesms of transmit power, 2B1Q's superior performance js offset by an incurred penalty,
viz; a substantially increased transmit power. The negative consequence of -this js a .
corresponding increase in the level of crosstalk generated. However; as the plots of power
spectra shown in Figures 10,7 and 109 prove, 2B1Q exhibits the Jowest bandwidth
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requirements. This factor . uces the counter—e.ffecl of potenua]ly lowering the crnsstalk -
power, Overall therefm’e. the additiona) benefits of range and noi.¢ performance which
. 2B1Qoffers, offseis the mcreased transmit power Tegquirements, ,nerestmgly, §U32 offers
the best range vs transmit-power ratio of all three systems, yet fuis fact is more of academic. .
: -mterest than practlcal unportanoe ' : :

The jitter results are ofless sigmflcauc'ewhen clioosing one of the three systems, Thereason.
for this is simply the following. Jitter performance is essentially a result of the chosen -
' implementation of a system's clock-extraction circuitry, While pilot-tone timing tectiniques
cati be shown to offer intrinsically supexior jitter performance to Barker-code techniques,
Aitisbasically the design of the clock-extractior P_ILwhichdetemﬂnesthejiﬁerperfbmance‘ '
In the case of the three systems under consideration, the 2B1Q implementation employs
an external analogue PLL which offers superior performance relative to the digital PLL
implementation of the MMS43 and SU32 systems. The aim of this chapter, however, is to
recommend & generic system. based on a specific line code, while not being restricted toa
particular chip-set or mmlufacturer : ' :

In terms of activation time as shown in- Table 10,19, the SU32 syste. ¢ offers the best
performance under all conditions. However, as explained in the previous chapter; the
rélaﬁvelylbng activation-time of the 2B1Q system in its “cold-start" made, squite acceptable
considering the expected infrequency of a “cold-start", In contrast, the 2B1Q} sysiem oifers

the best "warm-stari" activation-time for short- and medmm-length Cables R

From a techmcal point of view, therefore, itis beheved that the 2B1Q) system offers the
best solution to ‘the Usinterface r.eqmre_.ments for a South African ISDN. .

112 - Economic Considerations

1t should be mentioned at the m__ﬁset that component costs are dynamic, and subject to vast

flnctnations dependent onvarious factors. One of the most influential factors in determining L

the cost of a component or system, is that of demand. This latter parameter can affect the
price of a chip by orders of magnitude, since the actnal cost of 4 piece of silicon and its
encapsuldtion, is relauvelysmall comparedvmh thecostofsettmgup the fabrication process.

With the above in r.qxnd, conmda_ . economic factors implies essennally a pfcdicuou

" of world-market requirements, --there is no way of accurately predicting market

Tenirements, but the following facts may help to improve the probability of an accurate
prediction, Firstly, the American Tel ecommunications Authbrity (ie.the 1 ,.01Committee)
has opted for the 2B1Q standard. Secondly, it is believed that the Deutsche Bundespost -
"may be cousidering a shift to the 2B1Q standard. Thirdly, BT, due to jts interest in the
semicanductor company , Mitel, may also consider adopting the 2B1Q standard, since Mitel
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isait an advanced siage of producing a 2B1Q chip-set It s therefore strongly believed, albeit
with a small element of risk, that the future de facto world-standard for the U-interface will

. _' beZBI'Q.B_asaddnthisassump_tion,on_acouldstatewithr’easonabl’e car-tlﬁint_ythatt'heprices'_ ) )
of 2B1Q chip-sets will be Jower than any other U-inferface chip-set. S

113 U-Interface Recommendation

. Prosm both a technical and an ecoriomic view point, it is believed that the 2_B1st‘stem, as
based on the ANSI TLE01 standard, offers the most attractive U-interface solution for an

~ ISDN in South Africa, The results presented in this report should add credibility to this '
recommendation. S _ _ . s N




o APPENDIX A PILOT-TONE TIMING EXTRACTION TECHNIQUE

1 INTRODUCTION

Th e purpose of a tlming extraction system is to enable the receivers at both ends of the

system to select the most advantageous sampling phase in respect of error free detection
of the data, and generate at the subscriber end a stable low-jitter clock synchronised to the
e'xchange clack. :

The performance of the timing extraction at a U-interface receiver is dependent on the
intrinsic properties of the signal transmitted over the interface. The use of a deterministic
_ 51gna1 added to the datacan substannally enhance these basic properties, and result inmuch
improved performance of the timing extraction funchon, accompamed by s:mphflcauon of

the-. entire system. :

- In the. full duplex SubScﬁher_-loop'quui:ement, where bandwidth of the transmited signa} .

is at a premium, it is highly advantageous to confine the effect of such a timing signal to the
‘specific timing function required, Other features, such as code choice and frame

synchromsatlon miethod, may then be mdependently opnrmsed resulting in the most
- optimum mterface definition.

There areseveral criteria bywhich the aoceptabxhty ofaram:ular tnmng extractlon method
may bejudged The fuﬂomng criteria are suggested: o

1.1  Robust Operatio_n

' The maintenance of timing under high error rates is essential, Failure of timing extraction
will lead to collapse of the transmission channel, It is an important feature of a synchronous .
transmission channel that once frame synchronisation has been established, the.

 maintenance of bit-timing is sufficient to ensure that frame synchronisation is correct. -

1.2 Fast acquisitibn of bit 'timing at ﬂie start of the call.

The fast acquisition of the correct sampliug pbase at the exchange- and subscribes-ends of
the system aids in reducmg ihe overall system training ume :

13 _Locatmn o’ the correct tlmmg instant for good perfonnance
_ The coﬁve_rgem and signal-to-noise ratio of an adaptive equaliser is' dependent on the

correct data sampling phase. Substantial deviation from this point will reduce performance,
which in the extreme case will lead to failure of the system (b train or to operate properly
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- 1.4". _ Regenerati'dn of a_lowjittér clock pﬁase-lockéd to the exchange -

. The CCITT requirerﬁeﬁt for the S.-i.nterface rcqﬁires" < 5% pk-pk jitter measured with a
50Hz high-pass filter referred to a 192kHz clock cycle (5% of 2 912kHz clock cycle
corresponds to 260nS). : '

1.5 - Electromagneﬂc compatibility

The use of a deterministic signal by definition will introduce spectral lines into the signal -
- frequenicy spectrum. These must neither- canse interference to uther systems orbe sensnwe- :
'10 mterfcrance likely to exist. S

3 SYSTEM FEATURES RESULTING FROM THE USE OF A PILOT
TONE

o The use of a pﬂot tone gives the followmg performance and mplementauon 1eamres

* Adjustmem of the timing phase is based o a single sample per baud, The phase :
relationship between data and pilot is arranged so that the same sample is used
 for data detection, The sampling rate of a front end Analogu e—to—D1g1taI converter

and any signal processing prior to and including the receiver need only operate on

one sample per baud.
e 'I‘imiug information is to be added to the transmission code without increasing the
code baud rate. The {ransmission code therefore needs no redundancy for the
' pmposa of clock extracﬁon :
¥ The only performance penalty mcurred is the power needed for transmission of

the tone which in the case of the SU32 system, is one twentieth of the power used
for data transnussmn The p=mt does not degrade the detectmn Process.

* ' Durmg start up of the system, tramsmission of the pﬂot alone, penmts very rapnd o

 acquisition of the correct timing phase before any datais transmitted. Thisproperty
i5 used to preset the exchange-end of the system to a sampling phase which need
‘notbe changed for the duration of the connection, Under steady state condmous, _
_ the pllot need only be tr'\nsmitted in the exchange to subscriber direction.

* _ The autgoing pi]ot i3 elumnated fmm the reoewed data at the exchange-end by a
. smgle tap in the BC adaptwe filter. .

The pllot is sunply estimated at the subscriber recmverby a mngle tap inthe DFE.
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3  SYSTEM IMPLEMENTATION USING A PILOT TONE
Inajocalloop trénsmisﬁdn sys_tqm,'tﬁe exchai:ge—end actsas the maste__ffrequency reference,
and the subscriber-end is slaved to the phase and frequency of the eachange-end data. The
© System opcrates in two modes; a) training, and b) steady state. Most cireuitry is comnmn
to both modes.: : .

Dm'mg steady state operatlon, pﬂot tone transmtssmn only ocenrs in the cxchange to
subscriber direction, and the exchange—end sampling phase is fixed, In the reverse direction,
the pilot is only used during trammg, and the subscriber pilot transrmssmn circoitry and: -
" exchange pilot recovery circuits are inoperative dunng steady-state transmission. The

alatlonshlp between a data clock of frcquency fO = 108LHz, and example su32 wded '
data, is glvenm anureAl .

The pilot tone is a square-wave of frequency f0/2 = 54kHz, and the phase reIatibnship
between the data and the pilot toneis such that transitions of the pilot acour midway between
 transitions of the data waveform, The pilot tone itself is produce:d from a ha]vmg of the
pilot tone clock as depicted in Flgure Al :

' n;m aock

108kHz

- pone |
3&3&

PLOF TDNE
TLUCK
A08LHZ

PILOT TONE
SdkHz

Voas

 FIGURE A1: PILOT AND TIMING DIAGRAM

Addition of the pﬂot tone to the PAM data-stream requires & simple summation whichcan

 be achieved digitally using, for example, two's complement numiber representation of the
. datasignal and pilot amplimde, : _

The peak‘ amplitude of the pilot is scaled to be one quarter of the peak amplitude of the

data signal at cne point of addition in the 144kbit/s subscriber loop application. This ratio

is not critical, and is chosen to suit the parameters of the data receiver and data channe).




A low pass ﬁher is placed between the pilot addlhon cireuit and the transmlﬂsmn bnffer |

amplifier for the purpose of controllipg the transmitted data spectrum 50 as to limit -

interference. The composrte sxgnal is then transxmtted onto the cable through the hybnd
couplmg nenVork :

- 31 Cancellatmn nf the Local Pilot Tone .

" The operatlon of an echo canceller designed tor remove the local slgnal component from
the received sarpled data signal is well known. This structure may be simply modified to
include an adaptive coefficient for the elimination of the locally generated pilot tone from
the received signal samples as shown in Figure A2. The method of adaption and rate of
~ adaption of this coefficient is similar to that of all other coefficients, and adjustment is-

proportlonal to the estimated gradlentof’the coefficient mean square ~ror. Tnstead of bemg' )

exciied by the data sequence, the pllot exmauon 15 the 54kHe ahernatmg sequence +1,-1,
+1,-1 ete, : :

The ternary data sequence js scramhled and contains no stanona:y component at the half
band rate frequency; the pilot coefficient therefore converges to give an accurate estimate
of the value of the sampled pilot cemponent value, and it is therefore eliminated from the

received data.
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FIGURE A2 : ECHO CANCELLATION OF DATA AND PILOT
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' '3 2 Steady-State Recewer Phase Adaptlun

Figure A3 shows the structure of the teceiver, The purpose of !he tumng extraction circuit

is to adjust the time at-which the composite received mgnal is sampled by the sample and _ o

“hold cireuit wh1ch precedes the A to D converter. -

' Ir: the steady state mOde of oper-aiion, tranSml'ssion and timing extraction have been
. established in both directions. Data plus pilot is being transmitted from the exchange to
subscriber, and data only from the subscriber to the exchange. The subscriber sampling
phaseis determined by a digital phase locked loop whichadds or subtracts cycles of ahigher
' _frequency clock from the sample and hold clock o

o “TRANING™ |
"LOCAL ] PILOT. PHASE
I_"l'RnNSMﬂTER ) . I DETECTOR

ADAPTINE
. ECHO
. . BIMULATOR
SAMPLE - + HOMFTNE FERBALK
L rl o g 10 4 —d oPREC, @ ]
~_ HOLD _"I CONERTER }“ @ COUEn N | ﬁ‘é‘t‘i?
' S : — TONE PrissE
. ) WODE SELECTOR © - . ' - EETMATER !
SAMPLE TIME TMING ARCUISTHEN
] CONTROLLER L
TRARING AT
STEMDY STA'E

FIGURE A3 : SUBSCRIBER RECEIVER DIAGRAM
3.3' - The Phase Discrimination Funetion -

The dlrechon of ad]ustment of shmpling is determmed by whether the pllot fone zero
' crossmg precedcs or follows the sarnpling point. The purpese of the. tlrnmg extraction is to
' adjust the position at which the mgnal ig sampled, to the point at which the pxlot tone
wave.form Crosses Zero. .

At the receiver ssm:lphng point, the co:xtmum.s pitot tone component of received srgnalw:ll
resemble a sine wave due to the low pass characteristics of the transmittér, channel and
teceiver low pass filier, The sampling period and pilot tone will be of similar frequency,
and the sample value will be altemately pomtme and negatwe with v;rtua‘lly the same

absolutc amphtude. -
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'S_incg a decision fégdbﬁck enualiser is emploféd in the receiver, it is possible to cmpldy_'a
vory simple but accurate and low noise pilot tone phase discriminator. A single additional
. tap is introduced into the DFE to both estimate and eliminate the pilot tone amplitude.

The direction of adjustment of the samplmg time of the receiver needed to lucate the zero . - N

_ crossmg is simply determined from the sign of :hls cueff‘clent

' Operauon of this coefflclem is similar to the pilot coefficient in the echo canoeller already :
: described, The coefficient used differs from the normal DFE coefﬁcwnts, inthat the decision -
* data input is replaced by an input toggled at S4kHz When the DFB i receiving error-free
data, theTe is very little noise unhancement in-estimation of the pilot phase, because all
components of the superimposed data signal are removed by the equaliser simultaneously
* . with the pilot component. Note that any small phase exror. resulting in a residual level of
pilot tone supenmposed on the data sampies,wﬂl e elmunated by the pﬂot tone tap in the "
equallser :




APPENDIX B: PROBABILITY DISTRIBU‘I'ION FUNCTIONS OF
' -ACTIVA‘I‘ION TIMES

I - F]gures Bl to B12 depict J Pmbébﬂity Distribution Functions (PDF) of * - -

' activation-times for the four systems (viz, 2B1Q "cold start", 2B1Q *warm start”, MMS43
and SU32) under conditions of three ditférent cable lengths labelled "short", ‘medium”

-and "long" respecuvely. The cable cha.racteristlcs for each of the three cables are as

-showninTableBl —
~ T camB LENGTH . ATTENUATION
. {iimn GUAGE) - (m}) Cf (4B @ 10MkHz)
Shart T R
CMetlom ) - @m0 : S B
Lang . 3 Bl

TABLE B1 ; ACTIVATION-TIME CABLE CHARACTERISTICS

| PROBASIITY .

’ ”’“’%%%-38&8‘53%3 3885-%4570. 088 iﬂ%%-xmo _

‘I‘IME ime}

FIGURE B1 1 ACTIVATION-TIME PDF-2B10) {COLD START/SHORT CABLE)
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FIGURE 121 ACTIVATIONTIME POF-281Q (COLD START/MEDIUM CALE)
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D16
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0,06

S 338. AE5- P01V 1B 8-

TIME [me)

" FIGURE B3 ACTIVATION-YTME PDF-2B1Q (COLD START/LONG CARLE}
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. PROBABILITY
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ot BT P B

1IME [ma}

 FIGURR 4 1 ACTIVATION TISE PDE-251Q (WARM START/SHORT CABLE)

Q.26

.25

| —_—

0.1

. PROBABIEATY

* 6,05

’ 4-9&-93“"‘%0_-1622"1%4-1326-"1%3“1°

TIME [ma] -

FIGURE F5¢ ACTIVATION-TIME POFRBIQ {WARM START/MEDIUM "ABLE)




PROBABILITY

PRUBABILITY

ﬁ;aE -
02
0,13+

o1

G085

R |
O Toae 1 133 W 1425 T4 1 TBa-140

TIME {ma])

" HIGURE 16 + ACTIVATION-TIME PDF-ZB1Q (WARM START/LONG CABLE)

0.0}
"L R R 3
_5‘“‘5%1-@?? B 7= FE s B0 F8s-c0r

" PIME [ma]

FIGURE 57 : ACTIVATION-TIME PDE-MMS43 {SHORT CABLE)
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PROBABILITY

' PROBABILITY

e 888908 108" V0. 406 988.oroo

0 600-6lﬁ'3_65&"'5%3_9.&@'_‘%%5—&‘%5-6%5!-704.

-+ TIME Tme]

' FIGURRDE ) ACTIVATION.TIME PDF-MMS43 (MEDIUM CADLE).

0.25~ -
0.2~
0,15
ol

008 |

1]

TIME [ms]

FICURE B2 s ACTIVATION-TIME PDF-MMS13 (LONG CABLE)
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PROBABILITY

PROBABILITY -

: .o 144 5,_5’&;" TR L

T oz
S o'mE
0.8

115118 |

TIME [me]

_ FIGURE 1101 ACTIVATION-TIME PDR.-SU32 (SHORT CABLE)

o4
0.12
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_ TEME [ms]

 EIGURE NI ACTIVAYION-TTME TDT-SU32 (MEDIUM CABLE)
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© PROBABILITY ’

804

0.02|

- Bl 1l

TIME {ms])

FIGURE 2 : ACTIVATTON-TIME PDF.STAZ (LONG CADLE)
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