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(57) ABSTRACT 

Apparatuses for simultaneous multiple telephone type ser 
vices on a single telephone line are disclosed. One apparatus 
is connectable to a Subscriber line and comprises address 
logic, a plain old telephone system (POTS) interface, a 
transceiver, and a host interface. The address logic is con 
figured to determine an address assigned to the apparatus. 
The assigned address is unique on the Subscriber line. The 
POTS interface is connectable to the subscriber line and 
configured to communicate on the Subscriber line within a 
POTS frequency band. The transceiver is connectable to the 
Subscriber line and configured to communicate on the Sub 
scriber line using the assigned address and a frequency band 
higher than a POTS frequency band. The host interface is 
connectable to a device which receives one of a plurality of 
services over the subscriber line. The received service uses 
the assigned address and the frequency band higher than the 
POTS frequency band. 
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APPARATUS AND METHOD FOR SIMULTANEOUS 
MULTIPLE TELEPHONE TYPE SERVICES ON A 

SINGLETELEPHONE LINE 

REFERENCE TO RELATED APPLICATIONS 

0001. The present application is a divisional of U.S. 
patent application Ser. No. 11/086,063, filed on Mar. 22. 
2005, which is a continuation of Ser. No. 10/269,209, filed 
on Oct. 3, 2002, which is now U.S. Pat. No. 7,020,266, 
issued on Mar. 28, 2006, which is a continuation of U.S. 
patent application Ser. No. 09/032,671, filed on Feb. 27, 
1998, which is now U.S. Pat. No. 6,580,785, issued on Jun. 
17, 2003, which claims priority to Provisional Application 
No. 60/039,265, filed on Feb. 28, 1997. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention generally relates to an appa 
ratus and method for enabling a plurality of analog and 
digital sets of services that can be utilized simultaneously on 
a single telephone line. 

0004 2. Description of the Related Art 
0005 Presently, telephone companies can offer only one 
set of analog services to any and all POTS-type devices on 
each Subscriberline wire pair at the premise, because current 
POTS service requires one (1) line per POTS service set. 
This is because device types are mutually exclusive, and 
consequently only one device type can utilize the service 
line at any one time (i.e. one active telephone, or a single fax 
operation at a time). A further limitation exists for the 
telephones, such that all extensions are connected to the 
same conversation. Presently if multiple sets of services are 
desired, an additional line is required for each additional set 
of services. This is most evident in situations like a second 
loop for a fax machine or a “teen line' to separate parent 
telephone calls from those of children in a household. There 
are added costs for each additional line. 

0006 Also, telephone companies today cannot command 
any additional service revenue from the usage of extra 
phones, modems, and fax operations on a single line. Until 
now, telephone companies could not offer any extra benefi 
cial sets of service to the premise on a single line. Accord 
ingly, there is a need to develop an apparatus and method to 
transmit a plurality of data signals in parallel with the analog 
POTS signal, thereby providing multiple telephone-type sets 
of services on a single telephone line. 

0007 With such an apparatus and method for enabling 
simultaneous multiple sets of telephone-type services on a 
single telephone line, the telephone companies can offer 
numerous sets of services to any/all devices on each wire 
pair at the premise. 

SUMMARY OF THE INVENTION 

0008 Certain objects, advantages and novel features of 
the invention will be set forth in part in the description that 
follows and in part will become apparent to those skilled in 
the art upon examination of the following or may be learned 
with the practice of the invention. The objects and advan 
tages of the invention may be realized and obtained by 
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means of the instrumentality’s and combinations particu 
larly pointed out in the appended claims. 

0009. To achieve the advantages and novel features, the 
present invention is generally directed to a data communi 
cations apparatus and method that allows a user to utilize 
simultaneously multiple telephone-type services to any/all 
POTS-type devices on each wire pair at the premise. The 
present invention provides for the ability to add separately 
addressable POTS devices on a single service loop. This can 
be accomplished in at least two ways: first by the use of a 
multipoint protocol or second by Frequency Division Mul 
tiplexing. 

0010. One embodiment of the present invention accom 
plishes this by using a multipoint protocol and providing 
each premises device with a unique device ID that is 
separately addressable. 

0011) Another embodiment of the present invention 
accomplishes this by using the frequency division multi 
plexing (FDM) method, that utilizes a device that assigns an 
available frequency range, within the bandwidth of the 
communication medium, for each device that is separately 
addressable. 

0012 Another embodiment of the present invention 
accomplishes this by using the time division multiplexing 
(TDM) method, that combines separate signals (i.e. analog 
and digital) into a single high-speed data transmission in 
which the transmission time is broken into segments. Each 
segment carries one element of one signal. The separate 
signals are sampled in order at regular intervals that are then 
combined in the single high-speed single. Each time period 
is then assigned for each device that is separately address 
able. The above TDM technique does not provide simulta 
neous access via connection to phone jacks. The modem 
apparatus used in this embodiment includes a memory 
containing a plurality of program routine sequences and a 
processor that performs the selected program routine 
sequences to enable the simultaneous multiple access tech 
niques disclosed by the modem described in commonly 
assigned and co-pending U.S. patent application entitled, 
APPARATUS AND METHOD FOR COMMUNICATING 
VOICE AND DATA BETWEEN A CUSTOMER PRE 
MISES AND ACENTRAL OFFICE, Ser. No. 08/962,796, 
filed on Nov. 3, 1997, herein incorporated by reference, and 
the modem described in commonly assigned and co-pending 
U.S. patent application entitled “APPARATUS AND 
METHOD FOR AMULTIPOINT DSL MODEM, Ser. No. 
09/031/226 filed on, Feb. 26, 1998, herein incorporated by 
reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The accompanying drawings incorporated in and 
forming a part of the specification illustrate several aspects 
of the present invention, and together with the description, 
serve to explain the principles of the invention. In the 
drawings: 

0014 FIG. 1 is a view of the central office (CO) wire 
centers and user premises layout of the prior art. 

0.015 FIG. 2 is a view of the CO wire centers and user 
premises layout of the present invention, with many of the 
multiple telephone-type services depicted. 
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0016 FIG. 3A is a block diagram of the CO POTS 
interface and modem apparatuses of FIG. 2. 
0017 FIG. 3B is a block diagram of the user premises 
POTS interface and modem apparatuses of FIG. 2. 
0018 FIG. 4 is a block diagram of the digital signal 
processor engine of FIGS. 3A and 3B. 
0019 FIG. 5 is a block diagram of the CO POTS and 
digital signals splitter of FIG. 2. 
0020 FIG. 6 is a block diagram of the packet using the 
multipoint protocol that provides allows each device to be 
separately addressable. 
0021 FIG. 7 is a block diagram of the frequency spec 
trums utilized by the multipoint protocol packets of FIG. 6. 
0022 FIG. 8 is a block diagram of the frequency spec 
trums utilized by the frequency division multiplexing 
method that provides each device with a separately addres 
sable access. 

0023 FIG. 9 is a block diagram of the Frequency spec 
trum utilized by the multipoint protocol packets of FIG. 5, 
when not currently utilizing POTS devices. 
0024 FIG. 10 is a flow chart of the process for the 
initializing the address determination routines residing in the 
DSP, CPU or ASIC device of FIG. 4. 
0025 Reference will now be made in detail to the 
description of the invention as illustrated in the drawings. 
While the invention will be described in connection with 
these drawings, there is no intent to limit it to the embodi 
ment or embodiments disclosed therein. On the contrary, the 
intent is to cover all alternatives, modifications, and equiva 
lents included within the spirit and scope of the invention as 
defined by the appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0026 Referring now in detail to the drawings in which 
the reference numerals indicate like parts throughout several 
views, FIG. 1 illustrates the plain old telephone system 
(POTS) networks including dial data communication 
modems (45) of the prior art. The POTS network includes 
numerous user premises 41, wherein each user premises is 
connected to a central office wire center 11, via a subscriber 
line 27. Each subscriber line 27 is connected to the user 
premises 41, which further connects to a user premises line 
47, for distribution of POTS service throughout the user 
premises. Usually, there are numerous POTS devices con 
nected to each user premises line 47. Such as telephones 44. 
fax machines 42, personal computers (PCs) 43, and the like. 
It is also known, (but not shown), that it is possible to have 
multiple subscriber lines 27 connected to each user pre 
mises, thereby creating two separate user premises lines 47 
within each user premises as previously discussed. 
0027. As noted previously, each user premises is con 
nected, via a subscriberline 27, to a central office wire center 
11. The Subscriber line 27 is connected to a POTS Switch 14 
that routes all POTS signals, including both those to/from 
analog devices such as telephones and to/from digital data 
devices such as dial modems or fax machines. The POTS 
signals are sent from the POTS switch 14 to the other central 
office wire centers and to remote premises and to data 
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services such as the Internet services via the public switch 
telephone network (PSTN) 28. The CO wire center thus can 
offer only a single telephone number and only one set of 
services for each subscriber line 27. 

0028. A brief discussion of an example for the analog 
signals generated in the applied system environment for the 
prior art from the user premises and transmitted through the 
central office wire center, via the PSTN, and back to a user 
premises will now be detailed. 

0029 When a user wishes to place a telephone call on 
device 44, the user picks up the receiver and puts the 
subscriber line 27 in an off-hook condition, that is detected 
at the central office wire center 11, by closed switch hooks 
(not shown). The off-hook condition signals the central 
office wire center 11, via subscriber line 27, to accept call 
request by allowing a flow of D.C. current and a dial tone of 
480 Hz to be sent to device 44. The outgoing telephone call 
signals are transmitted, as described before, via Subscriber 
line 27 to POTS switch 14. The analog POTS system signals 
are transmitted, via the PSTN 28, to the destination central 
office wire center 11 of the destination user premises 41. The 
signal is further directed towards a POTS switch 14 within 
the destination central office wire center 11. The signal is 
transmitted, via subscriber line 27, to the destination user 
premises 41. This is the path in which a POTS call is 
transmitted. 

0030 Now, a description of digital signals to/from the 
user premises will be described. When a user desires to 
communicate data over a digital network via his personal PC 
46 or the like, the dial modem 45 puts subscriber line 27 in 
an off-hook condition, that is detected at the central office 
wire center 11, by closed switch hooks (not shown). The 
off-hook condition signals the central office wire center 11, 
via Subscriber line 27, to accept an outgoing call by allowing 
a flow of D.C. current and a dial tone of 480 Hz to be sent 
to device 44. Digital signals from the digital device are 
transformed into analog signals by dial modem 45. The 
signals are transmitted via the PSTN 28 to destination user 
premises 41 in the same manner as the analog signals in the 
aforementioned example. The signals may alternatively be 
routed to the Internet 29 via an Internet Service provider to 
provide access to Internet data. 
0031 FIG. 2 illustrates the plain old telephone system 
(POTS) networks including data communication DSL 
modems 13 and 50 of the preferred embodiment. The data 
communication DSL modems 50 include the apparatus and 
methods for enabling the simultaneous multiple telephone 
type services on a single line. FIG. 2 illustrates that a variety 
of services may be connected at the CO wire center 11 in 
accordance with the present invention. These services may 
include digital telephone services, Internet television, audio 
and multimedia, fax, graphic services, high-speed Internet 
services, high-speed land services, Internet telephone ser 
vice, Stereo/audio service, power meter reading, home man 
agement and security services. Again, the operation of Such 
services are generally understood and are further not nec 
essary in order to describe the operation of the present 
invention. As further illustrated in FIG. 2, the prior POTS 
voice devices of the prior art telephone 44 and standard fax 
machine 42, establish communications on the frequency 
band between 0 kHz and about 4 kHz. A second transmission 
frequency band is defined at a higher frequency level than 
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the POTS frequency band and is used in the transmission of 
digital subscriber line (DSL) communications that provides 
multiple access techniques of the preferred embodiment. 
The DSL modems 50 provide both the physical layer and 
higher layer functions as needed to provide the simultaneous 
multiple access. Other methods of providing multiple 
access. Such as frequency division multiplexing or other 
multiplexing techniques, may be utilized with some limita 
tion in overall performance. The different equipment devices 
at the user premises can be identified and accessed by a 
multiple access code (MAC) address as determined by the 
DSL modem 50, or by the assigned available frequency 
range within the bandwidth of the communication. Now the 
different types of services will be described with regard to 
FIG 2. 

0032 For audio services, the modem 50 can be coupled 
with audio compression for a telephone or stereo receiver as 
shown by device 51. 
0033 Digital phone 43 utilizes modem 50 to digitize an 
audio buffer as necessary and transmits the digitized audio 
at an average data rate of 8 KPS and performs a reverse 
function in the received direction. Thus, the digital phone 
acts to the user as a telephone with digital clarity and 
services provided. The digital phone may communicate over 
PSTN via compatible analog digital conversions in the 
optional Teleco switch expander 16. 
0034. The PC 46 may transmit and receive data via DSL 
modem 50 from the Internet or local area network (LAN) or 
other point to point type data transmissions. 
0035) Multimedia and video telephone service can be 
provided utilizing video camera 52 to capture video, the 
video telephone 53 which may be a microphone and mul 
timedia PC Internet video phone device 51, which captures 
Video and audio and provides the digitized information to 
modem 50 for transmission to the destination user. The 
Internet video phone may use either the PSTN or Internet or 
other land-type network for data communications. Internet 
phone 54 has the features of the digital phone with a protocol 
required for communication over Internet or land networks. 
0036) Digital faxes can be transmitted and received via 
the digital fax device 55 through modem 50 which would 
digitize the information and transmit it via the Internet land 
or PSTN networks. 

0037 Digital television 56 and digital video cassette 
recorder (VCR) 57 can be utilized with the Internet stream 
ing to receive and record Internet television and audio/visual 
data streaming. Services that require low-delay and medium 
delay (latency) utilize the “quality of service' polling tech 
niques to assure that real-time applications are serviced in a 
timely manner. The “quality of service' polling techniques 
are disclosed by the modem described in commonly 
assigned and co-pending U.S. patent application entitled 
APPARATUS AND METHOD FOR DSP SHARING 
USING STATISTICAL PROPERTIES OF DATA, Ser. No. 
09/027,705 filed on Feb. 23, 1998, herein incorporated by 
reference. 

0038. The home security and power meter reading system 
device 58 provides monitoring and controlling of various 
home functions such as a security system. It also provides 
the ability for communicating home functions data to a local 
utility Such as gas usage, electricity usage, Water usage, and 
the like. 
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0039 All the unique service devices as shown and 
described with regard to FIG. 2, are accessed via unique 
addresses. For each particular telephone company service 
provided, that service provides the user a unique address or 
frequency range for each new service premise device. Thus, 
those and only those unique service devices are enabled. 

0040. Each of the additional service devices illustrated in 
FIG. 2 are connected to the user premise line 47. This user 
premise line is further connected to one subscriber loop 27 
that connects to the CO wire center 11. The signals from 
each of the service devices are modulated via modem 50 and 
input to the CO wire center plain old telephone system 
(“POTS) splitter 15 which separates the POTS communi 
cations that are now transmitted in the frequency band 
between 1 kHz and 4 kHz. These POTS signals are identified 
in POTS splitter 15 and separated from the multiple service 
signals operating at a higher frequency at POTS splitter 15. 
The POTS voice signals are separated from the data signals 
and transmitted to POTS switch 14 for communications over 
the PSTN or WEB TV, audio, fax, graphic services, home 
security and power meter reading networks 25. The LAN 
data signals and Internet data signals are separated from the 
voice POTS signals in POTS splitter 15 and forwarded on 
the master point modem 13 for further transmission through 
the NAS equipment devices to the Internet 24 and other 
LAN networks 29. 

0041) Service signals from the digital phone multimedia 
Web TV, digital fax, home security and power meter reading 
systems are provided to the multipoint master modem 13 by 
the POTS splitter 15. These signals are forwarded on to the 
service expander switch 16 for further transmission through 
the POTS Switch 14 on communication link 26 to the Web 
TV, audio, fax, graphic services, digital TV. Internet phone 
and the like network 25. The digital phone and Internet and 
free phone each may have a standard telephone number or 
may share a number with the other devices. The digital 
phone and Internet or free phone would have standard 
Teleco POTS features and billing. The free phone 54 would 
have a different multiple access code and would permit free 
long distance calls on the Internet 24. 

0042 FIG. 3A is a block diagram of the CO wire center 
multichannel data communications device modem (modem 
13) constructed in accordance with the present invention. 
The typical configuration of the central wire office 11 
multichannel data communication device 13 is connected, 
via a POTS splitter 15, to the subscriber line 27. The analog 
signals output from POTS splitter 15 into the central office 
multichannel data communications device 13, are connected 
through communication links into the POTS interface 32. 
The central office multichannel data communications device 
13 provides for multiple analog lines to be input and 
converted to digital signals, due to the efficiency of the 
processor 35 within the central office multichannel data 
communication device 13. Because multiple analog input 
lines are permitted, device 13 may require multiples of the 
analog POTS interface hardware 32, dial access arrange 
ment (DAA) logic 33 and analog front end (AFE) logic 34. 

0043. The analog POTS interface hardware 32 connects 
analog signal line to the dial access arrangement (DAA) 
logic 33. The dial access arrangement (DAA) logic 33 
provides Surge protection and impedance matching. Line 
protection circuit (not shown) protects the multichannel 
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communications device 13 against line Surges, lightning 
strikes, and the like. Line protection circuit (not shown) is 
then further connected to the impedance and isolation circuit 
(not shown), via a communication link. The impedance and 
isolation circuit (not shown) also contains circuitry (not 
shown) to detect ring indicator on off-hook conditions. 
0044) The impedance and isolation circuit is comprised 
of an impedance matching circuit (not shown) before being 
connected to the two-to-four wire hyped interface (not 
shown). The dial access arrangement (DAA) logic 33 con 
nects the analog signals to the AFE logic 34, via a commu 
nication link. 

0045. The analog front end (AFE) logic 34 converts the 
analog signal to a digital data signal. The AFE 34 is 
connected to a communication link which is connected to a 
receiver (not shown). The receiver receives the analog 
signals and converts the analog signal by using an analog 
to-digital converter. A driver (not shown) drives the signals 
across a communication link to the impedance and isolation 
circuit (not shown) of DAA.33, after receiving signals from 
the driver's digital-to-analog converter (not shown). The 
receiver analog-to-digital converter (not shown) and driver 
digital-to-analog converter (not shown) are both connected 
to the bidirectional digital communication link. Ring indi 
cator and off-hook conditions are processed in ring indicator 
(RI) off-hook (OH) impedance controller (not shown). 
0046) The AFE logic 34 transmits the digital signal to the 
DSP logic 25 for reconstruction of the digital data. Multiple 
analog front ends logic 34 may be connected to a single DSP 
CPU, ASIC or other processor logic 35, due to the high 
processing speed of Such processor logic. 

0047. In alternative embodiments of the invention, the 
multiple dial access arrangements (DAA) logic 33 and 
analog front ends logic 34 are not necessary to practice the 
present invention, and it may be omitted in some applica 
tions where the dial access arrangement (DAA) logic 33 and 
analog front end logic 34 are shared between numerous 
analog POTS interface hardware 32. 
0.048 DSP logic 35 reconstructs the digital signal streams 
into usable digital data by stripping error control informa 
tion, data compression and the like added by the far-end 
modem. The reconstructed digital data is transmitted from 
the DSP logic 35 through the host interface 36 to the host 
DTE 12 or 16 devices for further transmission over the 
PSTN 21, Internet 24, LAN 29 or other services network 25. 
0049 FIG. 3B is a block diagram of the single POTS line 
multichannel data communication device (modem 50) con 
structed in accordance with the present invention. The 
multichannel data communication device, modem 50, is 
substantially similar to the CO wire center multichannel data 
communication device 13, defined in FIG. 3A, except that 
device 50 is configured to accept only one POTS line 
connection. 

0050. In the typical configuration, the user premises line 
47 is connected to linejack POTS interface 62. The linejack 
POTS interface 62 is connected to dial access arrangement 
interface 63, analog front end 64, digital signal processor 
logic 65, and the device communications interface 66, as 
described in 3A above as item 3X. The digital signal 
processor logic 65 is connected to the host by a local IF bus 
via a communication line, through the data terminal equip 
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ment (DTE) interface 66, which connects to a device such as 
a fax, digital phone, personal computer (PC), or the like. 

0051 Communications device 50 can be for example but 
not limited to, a data service unit (DSU), modem, or any 
other communication device capable of frame relay com 
munication. In the preferred embodiment, communication 
device 50 is a DSU, which contains proprietary address 
determination logic 50. Central office location 11 is typically 
the local telephone company's local exchange office which 
connects via copper wire pair 27 to a remote customer 
location 41, which can be, for example, a residential or 
business location. 

0052 As shown in FIG. 4, the digital communication link 
72 is connected to the digital signal processor engine 35 or 
65, herein referred to as 65, which includes a digital signal 
processor (DSP) or application specific integrated circuit 
(ASIC) chip 71, which is connected to read only memory 
(ROM)78 and random access memory (RAM) 74. ROM 78 
can be comprised of either regular ROM or RAM memory, 
flash memories, erasable programmable read only memory 
(EPROMs), electrically erasable programmable read only 
memory (EEPROMs), or other suitable program storage 
memories. RAM memory 74 can be comprised of static or 
dynamic RAM, EEPROM, or other suitable data storage 
memories. 

0053. In the first embodiment, the address determination 
routines 80A are in the digital signal processor engine 65 
program ROM 79. Address determination routines can be 
downloaded from digital devices, usually a PC connected to 
the DTE interface 66 (FIG. 3B), into the digital signal 
processor engine 65 program RAM 75 program area 80B. It 
is in this way that an updated routine may be downloaded to 
the modem apparatus to update the address determination 
routines. 

0054 The incoming signals on digital line 72 are input 
into the DSP engine 71 for processing. Control signals and 
digital input/output signals are communicated through 
across digital communication link 73. Digital communica 
tion links 72 and 73 can be comprised of 8, 16, 32, 64, 128 
or other bit sized digital parallel communication links. 
Communication links 72 and 73 can also be comprised of bit 
serial or other types of chip-to-chip signal communication 
links. The DSP or ASIC 71 of the digital signal processor 
engine 65 is connected, via communication link 73 interface 
36 or 66 as illustrated in FIGS 3A and 3B. 

0.055 Referring to FIG. 5, which is a block diagram of the 
POTS splitter 15 at the central office wire center 11. The 
POTS splitter has numerous subscriber line interfaces 91 I 
91N that are connected to Subscriber lines 27I-27N. The 
POTS splitter 15 accepts analog signals across subscriber 
line 27I-27N, conducts the analog signal through low pass 
filter 92 for transmission to the POTS Switch interface 93. 
The POTS switch then transmits analog signals across 
communication link 17 to the POTS switch 14. The analog 
signals received from subscriber line interface 71 are also 
transmitted through modem interface 94, which transmits 
the data communication traffic, via communication link 18, 
to the master modem 13. 

0056. With reference now to FIG. 6, shown is a schematic 
view illustrating a communications packet 101 transported 
by the modem 50 of FIG. 3. Packet 101 is a standard frame 
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relay communication packet. Begin flag 102 signals the start 
of the packet. Frame 103 is the address header and is 
depicted as two octets. An octet is an eight bit word. Frame 
103 can be a length of two to four octets, however, for 
simplicity is shown as two octets in this preferred embodi 
ment. Following frame 103 is information frame 104 which 
contains the user data to be transported over the network, 
and any proprietary header information required. Informa 
tion frame 104 is variable in length depending upon the 
information to be transported. Following information frame 
104 is frame check sequence (FCS) frame 105. The FCS 
frame is typically two octets in length and is typically a 
cyclical redundancy check (CRC) error detection code used 
to ensure the integrity of the transported information. 
Finally, frame 106 contains the one octet end flag used to 
signal the end of the packet. 
0057 Turning now to the drawings, FIG. 7 is a diagram 
illustrating frequency band communications. The terminol 
ogy “frequency band communications” is used here to 
indicate communications of information within a certain 
defined, frequency band. As is known in the prior art, POTS 
communications are transmitted in the frequency band 121 
defined between about 0 Hz (DC) and about 4 kHz. A second 
transmission frequency band 122 is defined at a higher 
frequency level than the POTS frequency band 121, and is 
used in the transmission of digital subscriber line (DSL) 
communications. A guard band 123 is required to separate 
the two transmission frequency bands 121 and 122. The DSL 
transmission frequency band 122 is more broadly denomi 
nated as “xDSL, wherein the “x' generically denominates 
any of a number of transmission techniques within the DSL 
family. For example, ADSL asymmetric digital subscriber 
line, RADSL rate adaptive digital subscriber line, 
HDSL high-bit-rate DSL, etc. As is known, xDSL trans 
mission frequency bands may encompass a bandwidth of 
greater than about 1 MHz. As a result, and for the reasons 
described above, without the addition of extra equipment, 
such as POTS filters, splitters, etc. The xDSL signals are not 
compatible with attached POTS-type equipment, such as 
telephones, PSTN modems, facsimile machines, etc. 
0.058 As will be discussed in more detail below, alter 
native embodiment of the present invention provides an 
upper transmission band having an upper frequency bound 
ary that is much lower than the 1 MHz frequency boundary 
often encountered in xDSL transmissions. Indeed, the upper 
frequency boundary of the present invention is defined in a 
range that is readily Supported by, or compatible with, 
transmission systems (and attached POTS-type equipment) 
presently in place between a customer premises and a central 
office, without the need for extraneous devices such as 
POTS filters and POTS splitters. 
0059. In accordance with one aspect of the invention, a 
multichannel data communication device (modem 50) is 
provided for achieving efficient data communications 
between a customer premises 41 and a central office 11 
across a local loop 27, by dynamically allocating a trans 
mission frequency bandwidth for transmitting data. Cer 
tainly, one of the factors motivating the development of the 
present invention is the expanded demand for higher speed 
communications in recent years. This enhanced demand is 
primarily attributed to communications over the Internet. 
0060. The present invention dynamically allocates a data 
transmission frequency band (PSD) in response to POTS 
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communications across the same line. More particularly, the 
present invention may utilize the frequency band otherwise 
allocated for POTS/voice transmission, at times when there 
is no present demand for transmitting voice information as 
illustrated in FIG. 9. When, however, there is a demand for 
Voice transmissions, then the present invention reallocates 
the transmission frequency band for the data communica 
tions so that there is no overlap or interference with the 
POTS transmission frequency band 111, and so that there is 
not significant interference to POTS type attached equip 
ment. 

0061 Illustrated in FIG. 8 is the alternative embodiment 
of the present invention that achieves simultaneous multiple 
telephone type services on a single wire pair by utilizing the 
frequency division multiplexing method. Frequency divi 
sion multiplexing assigns an available frequency range, 
within the band with the communication medium, for each 
device that is separately addressable. As shown in FIG. 8, 
the POTS devices of the prior art telephone 44, standard fax 
machine 42, and the like, establish communications on a 
frequency range between 0 kHz and about 4 kHz as shown 
as item 111. A second transmission frequency range defined 
at a higher frequency level 121 provides simultaneous 
multiple access for a service device. Each available fre 
quency range within the bandwidth of the communication 
medium can be assigned to a particular service type. While 
FIG. 8 illustrates five frequency ranges 121 through 125, the 
invention can utilize two or more frequency ranges between 
20 kHz and 1 MHz. 

0062 Referring now to FIG. 10, illustrated is the routine 
that initializes and processes the address determination logic 
within the DSP, CPU or ASIC 71 (FIG. 4). Initialization of 
the address determination routine of the DSP, CPU or ASIC 
occurs at step 131. This initialization step loads startup 
routines for the address determination logic. It is then 
determined if the address by the DSP, CPU or ASIC deter 
mination logic is performed by utilizing a multipoint pro 
tocol, which provides each device with a unique device ID 
that is uniquely and separately addressable, or if the address 
determination logic uses frequency division multiplexing, 
that is accomplished by assigning frequency ranges to each 
unique service device at step 132. If it is determined at step 
132 that a multipoint protocol with unique device addresses 
is being utilized, then step 134 sets the address determina 
tion logic to multipoint DSL and assigns the unique device 
IDs to the available service devices. If it is determined at 
step 132, that frequency division multiplexing is to be 
utilized, then each service device is assigned a unique 
frequency range at step 133. Step 135 starts processing 
communications for each of the assigned service devices. 
Processing continues until the service device is separated 
from the network and the address determination logic is 
exited at step 139. 
0063. The foregoing description has been presented for 
purposes of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise forms 
disclosed. Obvious modifications or variations are possible 
in light of the above teachings. The embodiment or embodi 
ments discussed were chosen and described to provide the 
best illustration of the principles of the invention and its 
practical application to thereby enable one of ordinary skill 
in the art to utilize the invention in various embodiments and 
with various modifications as are Suited to the particular use 
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contemplated. All Such modifications and variations are 
within the scope of the invention as determined by the 
appended claims when interpreted in accordance with the 
breadth to which they are fairly and legally entitled. 
What is claimed is: 

1. An apparatus connectable to a Subscriber line, the 
apparatus comprising: 

address logic configured to determine an address assigned 
to the apparatus, the assigned address being unique on 
the subscriber line; 

a plain old telephone system (POTS) interface connect 
able to the subscriber line and configured to commu 
nicate on the subscriber line within a POTS frequency 
band; 

a transceiver connectable to the subscriber line and con 
figured to communicate on the Subscriber line using the 
assigned address and using a frequency band higher 
than a POTS frequency band; and 

a host interface connectable to a device, the device 
receiving one of a plurality of services over the sub 
scriber line, the received service using the assigned 
address and the frequency band higher than the POTS 
frequency band. 

2. The apparatus of claim 1, wherein the plurality of 
services includes at least one of an audio service, a video 
phone service, a digital phone service including a protocol 
for communication over the Internet, a digital facsimile 
service, and an audio and visual data streaming service. 

3. The apparatus of claim 1, wherein the plurality of 
services is provided over the subscriber line simultaneously 
with a POTS service. 

4. The apparatus of claim 1, wherein the address com 
prises a device identifier. 

5. The apparatus of claim 1, wherein the address com 
prises a time slot. 

6. The apparatus of claim 1, wherein the address com 
prises a frequency band. 

7. The apparatus of claim 1, further comprising: 
a first telephone device connectable to the subscriber line 

and communicating within the POTS frequency band; 
and 

a second telephone device connectable to the apparatus 
and communicating within the frequency band that is 
higher than the POTS frequency band. 

8. The apparatus of claim 1, further comprising: 
a first telephone device connectable to the subscriber line 

and communicating analog Voice signals within the 
POTS frequency band; and 

a second telephone device connectable to the apparatus 
and communicating digitized voice signals within the 
frequency band that is higher than the POTS frequency 
band. 

9. The apparatus of claim 1, further comprising: 
an analog telephone device connectable to the apparatus 

and communicating analog Voice signals within the 
POTS frequency band; and 
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conversion circuitry connectable to the analog telephone 
device and configured to convert the analog voice 
signals to digitized voice signals, 

wherein the transceiver is further configured to commu 
nicate the digitized Voice signals on the Subscriber line 
using the assigned address and using a frequency band 
higher than a POTS frequency band. 

10. An apparatus connectable to a subscriber line, the 
apparatus comprising: 

means for determining an address assigned to the appa 
ratus, the assigned address being unique on the Sub 
scriber line; 

means for communicating on the Subscriber line within a 
plain old telephone service (POTS) frequency band; 

means for communicating on the Subscriberline using the 
assigned address and using a frequency band higher 
than a POTS frequency band; and 

means for connecting to a device, the device receiving one 
of a plurality of services over the subscriber line, the 
received service associated with the assigned address 
and the frequency band higher than the POTS fre 
quency band. 

11. The apparatus of claim 10, wherein the plurality of 
services includes at least one of an audio service, a video 
phone service, a digital phone service including a protocol 
for communication over the Internet, a digital facsimile 
service, and an audio and visual data streaming service. 

12. The apparatus of claim 1, wherein the plurality of 
services is provided over the subscriber line simultaneously 
with a POTS service. 

13. The apparatus of claim 10, wherein the address 
comprises a device identifier. 

14. The apparatus of claim 10, wherein the address 
comprises a time slot. 

15. The apparatus of claim 10, wherein the address 
comprises a frequency band. 

16. The apparatus of claim 10, further comprising: 

a first telephone device connectable to the subscriber line 
and communicating within the POTS frequency band; 
and 

a second telephone device connectable to the apparatus 
and communicating within the frequency band that is 
higher than the POTS frequency band. 

17. The apparatus of claim 10, further comprising: 

a first telephone device connectable to the subscriber line 
and communicating analog Voice signals within the 
POTS frequency band; and 

a second telephone device connectable to the apparatus 
and communicating digitized voice signals within the 
frequency band that is higher than the POTS frequency 
band. 


