
(19) United States 
US 20010043672A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0043672 A1 
01 (43) Pub. Date: NOV. 22, 2001 

(54) LONG-DISTANCE TRANSMISSION SYSTEM (30) Foreign Application Priority Data 
AND DEVICE 

Mar. 18, 1998 (JP) ......................................... .. 10-068694 

(76) Inventor: MASAKAZU OI, KAWASAKI-SHI 
(JP) Publication Classi?cation 

Correspondence Address; Int. Cl-7 ........................... .. HELFGOTT & KARAS (52) US. Cl. ...................... .. 379/101; 379/24; 379/27.01 

60TH FLOOR 
EMPIRE STATE BUILDING (57) ABSTRACT 
NEW YORK, NY 101180110 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/270,325 

Mar. 16, 1999 (22) Filed: 

A long-distance transmission system includes a network 
terminal that accommodates terminal equipment, and a line 
terminal connected to the network terminal via a tWo-Wire 
metallic subscriber line. The netWork terminal includes an 
ampli?er, Which ampli?es a transmission level of a trans 
mission signal to be transmitted to the line terminal via the 
tWo-Wire metallic subscriber line on the basis of a charac 
teristic of the tWo-Wire transmission line. 
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LONG-DISTANCE TRANSMISSION SYSTEM AND 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a long 
distance transmission system and a device applicable 
thereto, and more particularly to an LT-NT long-distance 
transmission system in Which a tWo-Wire metallic subscriber 
line is used to mutually connect a netWork terminal (NT) 
Which accommodates terminal equipment (TE) and a line 
terminal (LT). 

[0003] The basic services of the ISDN (Integrated Ser 
vices Digital Network) in Japan are designed and developed 
so that a tWo-Wire metallic subscriber line used in the 
conventional analog telephone transmission is applied With 
out any modi?cation and high-transmission-rate data trans 
mission is realiZed using such a subscriber line. At the initial 
stage of the development, it Was planned to accommodate 
99% of the total number of subscribers through digital 
transmission lines. After that, hoWever, it Was found that 
some areas accommodated in the analog system could not be 
accommodated in the digital system for various reasons. For 
eXample, there Was a limitation resulting from loss of the 
main signal caused during the propagation of the main signal 
through the subscriber line. Further, there Was a restriction 
concerning a feed of electricity to the NT (including TE). In 
addition, there has recently been an unexpected increase in 
the number of subscribers located at a long distance from the 
of?ce facility (LT). Under the above situations, it is required 
to efficiently provide subscribers located in areas as 
described above With services. 

[0004] 2. Description of the Related Art 

[0005] FIGS. 1, 2 and 3 shoW prior art. More particularly, 
FIG. 1 shoWs a netWork structure Which conforms With the 
TTC standard (JT-G961) de?ned by the Telecommunication 
Technology Committee in Japan and Which is provided by 
NTT (Nippon Telegraph and Telephone Corporation). The 
netWork shoWn in FIG. 1 includes a central of?ce 100, a 
sWitch 6, a line terminal (LT) 50 accommodating netWork 
equipment (NT), a metallic subscriber line 1, a user’s house 
200a, a netWork terminal (NT1) 30, ISDN standard terminal 
equipment 10, an eXisting analog telephone set (TEL) 
5, a terminal adapter (TA) 4, an of?ce building 200b, a 
netWork terminal (NT2) 60, a user’s house 200c located a 
long distance aWay from the central of?ce 100, a central 
of?ce terminal (CT) 61, a remote terminal (RT) 62, and an 
optical ?ber cable 2. The netWork terminal (NT1) 30 has the 
functions of terminating the subscriber line 1, establishing a 
phase synchroniZation (frame synchroniZation and bit syn 
chroniZation), changing the data transmission rate, and test 
ing and protecting the system from an eXcessive voltage. 
The netWork terminal 30 can also be called a digital service 
unit (DSU). The terminal adapter (TA) 4 is equipped With 
functions of converting the protocol and changing the data 
transmission rate in order to connect the telephone set 5 to 
the netWork terminal 30. The netWork terminal (NT2) 60 has 
a PBX (Private Branch Exchange) function including a line 
connection control, sWitching and selection and a protocol 
processing function in order to accommodate the terminal 
equipment 10 and implement sWitching therebetWeen. 
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[0006] The central of?ce 100 and the user’s house 200a 
are connected by a tWo-Wire metallic subscriber line 1a as in 
the case of the conventional analog system. The possible 
transmission distance in the eXisting facility speci?cation is 
7 km Without any repeater. The netWork terminal 30 and a 
plurality of terminal equipment 10 are connected by a 
four-Wire metallic cable 3 (Which is 100-200 m long) in a 
bus system. Symbols R, S, T and U denote reference points. 
The connection betWeen the central office 100 and the user’s 
home 200c located a long distance aWay Will be described 
later. 

[0007] FIG. 2 schematically shoWs the line terminal 50, 
the netWork terminal 30 and the terminal equipment 10 and 
connections therebetWeen. 

[0008] The line terminal 50 is con?gured as folloWs. A 
signal processing part 51 establishes a phase synchroniZa 
tion of the main signal and changes the transmission rate. A 
signal transmission circuit 52 sends a signal to the subscriber 
line 1. Asignal reception circuit 53 receives a signal from the 
subscriber line 1, and includes the function of equaliZing the 
main signal. Asymbol T2 denotes a main signal transformer, 
and C2 is a capacitor for DC isolation. The capacitor C2 is 
not limited to the position shoWn in FIG. 2. An of?ce feed 
part 54 remote-feeds electricity to the netWork terminal 30. 
A normal/reverse sWitch 55 sWitches the polarity in feeding. 
ApoWer separation ?lter PSF2 is formed of a coil or the like, 
and realiZes AC isolation. 

[0009] The netWork terminal 30 is con?gured as folloWs. 
A symbol T1 denotes a main signal transformer, and C1 
denotes a capacitance for DC isolation. The capacitor C1 is 
not limited to the position shoWn in FIG. 2. Aboard 31 has 
a main signal circuit part. Asignal processing part 32 has the 
functions of establishing the phase synchroniZation of the 
main signal and changing the data transmission rate. Asignal 
transmission circuit 33 sends a signal to the subscriber line 
1. A variable equaliZer 36 ampli?es a signal received from 
the subscriber line 1 and compensates for (or equaliZes) a 
deterioration of the received signal due to the characteristics 
of the transmission line (the amplitude characteristic, the 
phase characteristic and so on) Which depend on the distance 
thereof. A symbol R denotes a reception circuit to the bus 
line 3, and a symbol T denotes a transmission circuit from 
the bus line 3. A symbol PSF1 denotes a poWer separation 
?lter for AC isolation. A standby circuit 44 feeds DC 
electricity to the terminal equipment 10 When a call issued 
by the terminal equipment 10 is detected or the normal 
feeding of electricity to the netWork terminal 30 is per 
formed. A call detection part 45 detects a call from the 
terminal equipment 10. A DC poWer source (SRG) 46 is a 
series regulation generator. A symbol DN denotes a diode 
Which is connected in normal-connection fashion and imple 
ments the normal feed to the DC poWer source 46. ADC/DC 
converter 47 supplies DC electricity to the board (main 
signal circuit part) 31 and the terminal equipment 10 at the 
time of the reverse feed to the NT 30. Asymbol DR denotes 
a diode Which is connected in the reverse connection fashion 
and implements the reverse feed to the DC/DC converter 47. 
A terminal feed circuit 48 carries out the remote feed from 
the netWork terminal 30 to the terminal equipment 10. 

[0010] The terminal equipment 10 is con?gured as fol 
loWs. Asymbol T denotes a transmission circuit Which sends 
a signal to the bus line 3, and a symbol R denotes a reception 
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circuit Which receives a signal from the bus line 3. A signal 
processing part 11 processes the main signal. A DC/DC 
converter 12 receives the remote feed of electricity from the 
netWork terminal 30 and supplies the DC electricity to the 
terminal equipment 10. 

[0011] AMI (Alternate Mark Inversion) code is applied to 
data communications betWeen the terminal equipment 10 
and the netWork terminal 30 and betWeen the netWork 
terminal 30 and the line terminal 50. The AMI code is 
characteriZed in that the required bandWidth can be reduced 
and the DC component can be suppressed. The main signal 
level betWeen the terminal equipment 10 and the netWork 
terminal 30 is equal to 10.75 V and the main signal level 
betWeen the netWork terminal 30 and the line terminal 50 is 
equal to 10.6 V. 

[0012] The channel bit rate supported by the ISDN basic 
services is such that 2B+D=144 kbps, and is formatted to the 
frame signal of a bit rate of 48 bits per frame (including 
various control bits) betWeen the terminal equipment 10 and 
the netWork terminal 30. Hence, it takes 250 us to transmit 
one frame. Thus, the line bit rate betWeen the terminal 
equipment 10 and the netWork terminal 30 is equal to 192 
kbps, and is supported therebetWeen by tWo-Way commu 
nications of the four-Wire system. 

[0013] The tWo-Wire system is employed betWeen the 
netWork terminal 30 and the line terminal 50. Thus, the 
channel bit rate of 144 kbps is supported by a time-division 
direction-control transmission system (Ping-Pong transmis 
sion system). Hence, the line bit rate betWeen the netWork 
terminal 30 and the line terminal 50 is set equal to 320 kbps, 
Which is more than tWice the above-mentioned bit rate of 
144 kbps, taking into account a transmission delay and a 
guard time de?ned betWeen the consecutive frames. The 
time-division direction-control transmission system is also 
called a TCM (Time Compression Multiplexing) transmis 
sion system. 

[0014] The netWork terminal 30 (and the terminal equip 
ment 10) in the ISDN basic services is supplied With poWer 
necessary for communications from the central of?ce side 
(line terminal 50). Hence, communications continue to take 
place in the event of an emergency such as breakdoWn of a 
commercial poWer supply. 

[0015] Abrief description Will noW be given of the remote 
feed control of the line terminal 50. The normal feed 
(L1=plus, L2=minus) from the line terminal 50 is carried out 
at the time of the standby of the netWork terminal 30 (When 
no communications take place). At that time, in the netWork 
terminal 30, the normal diode DN is turned on and the 
remote feed is applied to the series regulation source 46. 
Then, the series regulation source 46 outputs poWer as much 
as the remote feed to the standby circuit 44 and the terminal 
equipment 10 (over 40V and 420 

[0016] When a call takes place from the terminal equip 
ment 10 in the above-mentioned state, the call detection 
circuit 45 detects the above call, and noti?es the line 
terminal 50 of the detection of a call by turning ON a loop 
circuit (not shoWn) or the like. 

[0017] In the line terminal 50, the loop-ON is detected by 
the of?ce feed part 54, Which thus activates the normal/ 
reverse sWitch 55. Hence, the feed is sWitched to the reverse 
feed (L1=minus, L2=plus) from the normal feed. At this 
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time, the reverse diode DR of the netWork terminal 30 is 
turned ON and the DC/DC converter 47 is supplied With the 
remote feed. Then, the DC/DC converter 47 outputs poWer 
as much as the remote feed to the board (main signal 
processing circuit) 31 (5 V, 250 mW) and poWer as much as 
the remote feed to the terminal equipment 10 (over 40 V, 420 

[0018] FIG. 3B shoWs a feed characteristic of the office 
feed part 54 of the line terminal 50. 

[0019] Referring to FIG. 3B, the normal feed is de?ned so 
that a feed current IL is reduced in order to suppress poWer 
loss due to a line resistance RL of the metallic subscriber line 
1 and a constant-voltage feed takes place. The constant 
voltage is equal to, for example, 60 V:5%. FIG. 3B shoWs 
that the minimum value of the output voltage Vo of the 
constant-voltage feed is 57 V. The input voltage Vi of the 
netWork terminal 30 is decreased as the distance (line 
resistance RL) from the line terminal 50 increases, as there 
is a little poWer loss due to the line resistance RL. HoWever, 
the netWork terminal 30 is required to supply the terminal 
equipment 10 With poWer of 40 V (over 420 mW) even 
during the normal feed. Thus, a DC current as high as 11-15 
mA is made to How through the metallic subscriber line 1. 

[0020] The reverse feed feeds electricity so that the net 
Work terminal 30 (and the terminal equipment 10) Which is 
in communication is not affected by poWer loss due to the 
line resistance RL of the metallic subscriber line 1 and a 
constant-current feed is carried out. The constant current IL 
is equal to, for example, 35.1 mA. Hence, there is a 
maximum poWer loss due to the line resistance RL. When 
the line resistance is equal to 812 ohms Which corresponds 
to the maximum value in the conventional standards, a 
poWer loss caused is equal to 1000 mW (=(35.1 mA)2><812 

[0021] The netWork terminal 30 is equipped With a con 
stant-voltage receiving circuit (not shoWn) provided in the 
DC/DC converter 47 so that the input voltage Vi becomes 
constant (for example, 28.5 V) at the time of the reverse 
feed. Hence, the DC/DC converter 47 can alWays obtain an 
input poWer Pi of approximately 1000 mW (Pi=ViIL=28.5 
V><35.1 mAz1000 The input poWer Pi is separated 
into a conversion loss in the DC/DC converter 47 (Which is 
approximately equal to 300 mW With a transformation 
ef?ciency of 70%), the self-operation source of the netWork 
terminal 30 (about +5 V, 250 mW), and a poWer fed to the 
loWer terminals (such as terminal equipment 10) Which 
conforms With the TTC standardiZed regulations (over 40 V, 
420 

[0022] At the initial stage of the development of the ISDN 
basic services, it Was planned to accommodate 99% of the 
total number of subscribers through digital lines. After that, 
it Was found that some areas accommodated in the analog 
system could not be accommodated in the digital system for 
various reasons. For example, there Was a limitation result 
ing from loss of the main signal caused When the main signal 
Was transmitted over the line. Further, there Was a restriction 

concerning a feed of electricity to the NT (including The above Will be described in detail beloW. 

[0023] FIG. 3A shoWs an AC loss characteristic of the 
metallic subscriber line 1. Generally, the loss of the metallic 
line 1 increases based on fl/2 Where f denotes frequency (V f 
























