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This invention relates to spread spectrum communica-
tions, and more particularly to a method for establishing
spread spectrum communications between a base station and
a handset.

Description of the Prior Art

A spread spectrum system is one in which the signal
energy is distributed over a frequency spectrum that is
much wider than the maximum bandwidth required to transmit
the information being sent..Techniques for direct sequence
spread spectrum modulation have been developed for several
years to ensure, among other benefits, secure communica-
tions. Modulation is achieved by mixing the information
to be sent with a periodic pseudo-noise (PN) code. The
spectral density function for the resulting signal has a
sin(X)/X shape with a very wide bandwidth, as compared to
the information, and a lower spectral density function
amplitude as compared to the information. This modifica-
tion of the original spectral density function reduces the
signal's sensitivity to in-band interference and jamming,
as well as reducing interference to other equipment that
is sensitive to radio frequencies. Among the other advan-
tages inherent to a spread spectrum system are selective
addressing capabilities, code division multiplexing for
multiple access, and highly accurate ranging capabilities.

Due tc the enceded nature cof the signal, demodulation
is a more involved process compared with demodulation
schemes associated with traditional communications
systems. 1In this case, demodulation involves a receiver
reference code, identical to that transmitted, that
synchronizes the receiver with the transmitter. The
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difficulty with this process is that there is no indica-
tion of the degree of non-synchronization between received
and reference codes until a very high degree of synchroni-
zation is achieved. Additionally, mismatches between
transmit and receive oscillators used to generate PN codes
tend to cause drift in the synchronization between
transmitter and receiver. '

A prior art communications system using two pseudo-
random waveforms and two correlators for designating a
MARK and a SPACE, is disclosed in U.S. Patent No.
4,247,942, to Hauer, issued January 27, 1981, which is
incorporated herein by reference. Hauer discloses in a
communication system, a first delay line having multiple
spaced taps for supplying successive input pulses to the
delay line. 1In response to each input impulse, variously
delayed pulses appear at the taps of the delay line, which
are used to generate pulses representing a MARK or a
SPACE. His disclosure includes synchronous detectors, and
means for supplying the carrier-transmitted pulses to the
detectors.

The prior art does not teach a method for establish-
ing spread spectrum communications using a spread spectrum
signal which allows the use of one or more common signal-
ling spectrum spreading codes to manage handshaking from
a master unit to a plurality of node units, without the
use of a separate frequency channel for common signalling,
and without requiring a separate time channel for common
signalling.

Objects and Summary of the Invention

An object of the invention is to provide a method for
establishing communications using spread spectrum signals
to communicate between a master unit and a plurality of
remote units.

Another object of the invention is to provide for a
method for using spread spectrum signals to communicate



WO 92/07434 PCT/US91/07382

10

15

20

25

30

35

3

between a master unit and a plurality of remote units
requiring a minimum amount of digital signal processing.

A further object of the invention is to allow use of
the same frequency for both common signalling as well as
communications.

An additional object of the invention is to allow use
of the same frequency and same time slot for both common
signalling and communications.

Another object of the invention is to allow access
and handshaking of a plurality of node units to a single
master unit when no node unit has a-priori knowledge of
spectrum spreading or identification codes, time slots,
synchronization parameters, or frequencies utilized at the
master unit to be accessed.

A still further object of the invention is to allow
use of a collision avoidance protocol.

Another object of the invention is to allow the
management of simultaneous users on a single master unit
on a common signalling and communication time slot and
frequency basis.

Another object of the invention is to allow the node
units to have a minimal need for intelligence, processing
power, or local synchronized clock sources.

Another object of the invention is to allow use of
spectrum spreading codes as address codes.

Another object of the invention is to allow node
response to a valid signal within a time slot through CDMA
only, eliminating the need for a highly accurate clock and
a level of node complexity and intelligence.

Another object of the invention is to allow half-
duplex communication between master unit and node unit in
the same TDMA time slot.

According to the present invention as embodied and
broadly described herein, a method and apparatus for
establishing and maintaining handshaking and communica-
tions between a master unit and a plurality of N node
units, with multiple configurations, is provided. Of the
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plurality of N node units, K node units, where K < N, are
assumed to have established 2K communications links with
a master unit, using up to 2K different spectrum spreading
codes to generate up to 2K different spread spectrum sig-
nals to transmit from the node units to the master unit.
A time slot for each of the K linked node units is pro-
vided for transmitting and receiving in each of the first
K time slots. A total of N time slots, constituting a
time frame, are assumed available for communicating and/or
initializing with the master unit by using time division
multiple access. While system capacity allows N node
units to establish and maintain simultaneous communica-
tions, with a single master unit, the number of node units
which may access the master unit is not limited to N, but
may be much greater.

In this invention, transmitting and/or receiving in
a time slot may include transmitting and/or receiving in
a plurality of time slots in a slot position within a
frame and/or from frame to frame. Transmitting and/or
receiving in a particular time slot also does not limit a
time slot to a particular slot position within a frame.

A first (K+1) node unit of the plurality of the N
node units, of the plurality of X node units able to
access the master unit, is assumed to desire to establish
communications with, or access, the master unit. The
method constitutes handshaking between the (K+1)th node
unit and the master unit in an access time slot.

A first embodiment of the present invention
implements the (K+1)th time slot as the access slot and
(K+1)th communication slot. The (K+1)th time slot may
occupy, or float to, any open time slot within the time
frame of the N-K open slots, and may change time sleots ag
the number, K, of node units which have established
communications links with the master unit, changes. This
embodiment comprises several steps, the first of which is
transmitting in a (K+1)th time slot from the master unit
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a master-initialization spread spectrum signal, CSnl,
common to the plurality of X node units.

In response to receiving the master-initialization
spread spectrum signal, CSnl, in the (K+1)th time slot,
the (K+1)th node unit transmits in the (K+1)th time slot
a first node-initialization spread spectrum signal, Csml,
which may be the same as, and thus a node retransmission
of, the master-initialization spread spectrum signal,
csnl, or which may be a spread spectrum signal having a
chip code distinct from the master-initialization spread
spectrum signal, CSnl, and common to all master units that
the (K+1)th node unit may access. The first node-
initialization spread spectrum signal, CSml, may contain
the (K+1)th node unit's identification code as data
information modulating the chip sequence for the (K+1)th
node-initialization spread spectrum signal.

The master unit receives the first node-
initialization spread spectrum signal, CSml, from the
(K+1)th node unit in the (K+1)th time slot, and, in reply,
transmits in the (K+1)th time slot a master-identification
spread spectrum signal, €Sn2, which may be distinct from
spread spectrum signal CSnl but common to all X node
units. The master-identification spread spectrum signal
contains the master unit's (K+1l)th slot identification
code as data information modulating the chip sequence for
the master-identification spread spectrum signai.

In response to receiving the master-identification
spread spectrum signal, CSn2, the (K+1)th node unit may
transmit in the (K+1)th time slot a second node-
initialization spread spectrum signal, CSm2. The second
node-initialization spread spectrum signal, CSm2, may
contain (K+1)th node-identification cecde as data
information modulating the chip sequence from the node-
initialization spread spectrum signal. The node~
identification spread spectrum signal may have a high
degree of uniqueness to the plurality of the N-1 other
node units.
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The master unit receives the (K+1)th node unit's
identification code, and transmits in the (K+1)th time
siot a master unit (K+1)th slot communication spread
spectrum signal, CMNKk+1l, generated from a spectrum spread-
ing code derived from the (K+l1)th node unit's
identification code.

In response to receiving the (K+1)th master
identification code in the (K+1)th time slot from the
master unit the (K+1)th node unit transmits in the (K+1)th
time slot a (K+1)th node unit communication spread
spectrum signal, CNMk+l, generated from a spectrum
spreading code derived from the (XK+1)th master-
identification code.

In a second embodiment of the present invention, a
fixed, or Fth, time slot, such as the 1st or Nth slots of

. the plurality of N time slots in a time frame, serves as

the access slot. The second embodiment comprises of the
steps of transmitting in the Fth time slot from the master
unit a master-initialization spread spectrum signal, cSni,
common to all node units. The Fth time slot may occupy a
fixed time slot within the time frame of the N-K unused
time slots, and does not change slots as the number, K,
of node units which have established communications links
with the master unit, changes.

In response to receiving the master-initialization
spread spectrum signal, CSnl, in the Fth time slot, the
(K+1)th node unit transmits in the Fth time slot a first
and second code-initialization spread spectrum signal,
CSml, CSm2, having the characteristics and properties
previously discussed.

The master unit receives the node-initialization
spread spectrum signal, CSm, in the Fth time slot from the
(K+1)th node unit, and transmits in the Fth time slot a
master-identification spread spectrum signal, CSn2, which
may be distinct from the master-initialization spread
spectrum signal, CSnl, but common to all X node units, and
containing the master unit's (K+1)th slot identification
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code. The master-identification spread spectrum signal,
CSn2, may include information directing the (K+1)th node
unit as to which time slot and spectrum spreading code to
use for communication from the (K+1)th node unit to the
master unit.

In response to receiving the master-identification
spread spectrum signal, CSn2, the (K+1)th node unit trans-
mits in the Fth time slot the second node-initialization
spread spectrum signal, CSm2. The second node~
initialization spread spectrum signal, CSm2, is common to
all master units that (K+1)th node unit may access, and
may contain its (K+l)th node-unit-identification code.
The second node-initialization spread spectrum signal,
Csm2, may have a high degree of uniqueness to the
plurality of the N-1 other node units.

The master unit receives the (K+1)th node unit's
identification code from the (K+1)th node unit in the Fth
time slot, and transmits in the (K+1)th time slot a master
unit (K+1)th slot communication spread spectrum signal,
CMNk+1, generated from a spectrum spreading code derived
from the (K+1)th node unit's identification code.

In response to receiving the (K+1)th master unit
identification code from the master unit in the Fth time
slot via the CSnzrspread spectrum signal, the (K+1)th node
unit transmits in the (K+1)th time slot a (K+1)th node
unit communication spread spectrum signal, CNMk+1,
generated from a spectrum spreading code derived from the
(K+1)th master unit identification code.

As an alternative architecture in this configuration,
the (K+1)th node unit may transmit the (K+1)th node unit
communication spread spectrum signal in the (K+1)th time
slot in response to receiving the master unit (K+1)th glot
communication signal in the (K+1)th time slot. 1In this
case, the master unit (K+1)th slot identification signal
transmitted in the Fth time slot would not necessarily
contain information detailing which time slot of the N-K
time slots to use for communication transmissions.
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In a third embodiment of the invention, the master
unit may function with the initialization, identification,
and communication protocols detailed in first and second
embodiments, but may be configured to transmit the master-
initialization spread spectrum signal, CSnl, in a plural-
ity of vacant (N-K) time slots. If the master unit does
transmit in a plurality of vacant (N-K) time slots, then
node units (XK+1), (K+2), (K+3),..., (K+(N-K)) (or N) may
access the master unit in the (K+1)th, (K+2)th, (K+3)th,

.ees, (K+(N=K))th (or Nth) time slots, respectively or

randomly. Therefore, the (K+1)th node unit trying to
access the master unit would access the first time slot
immediately available after its initiation of the access
attempt, instead of waiting for the (K+1)th or Fth time
slot to occur in the next frame.

Thus, if K users are present, the master unit
transmits in the 1lst through Kth time slots the master
unit communication spread spectrum signals, CMN1 through
CMNk, pertaining to the 1st through Kth node units, and in
the (K+1)th through Nth time slots a master-initialization
spread spectrum signal, CSnl, which is common to the
plurality, X, of node units that may access the master
unit. The master-initialization spread spectrum signal
may be distinct from all master or node unit communication
and identification spread spectrum signals.

In all three embodiments, if a plurality of up to N-
K node units tries to access the master unit sequentially
in time, with the period between access attempts being
greater than or equal to the slot period, upon reception
of the master-initialization spread spectrum signal, CSnl,
each node unit will access the open time slot available
immediately following its initiaticn o©f the access
attempt. When the first (K+1)th node unit has accessed
the master unit (master unit slot and (K+1)th node unit
identification signals are being transmitted in the
(K+1)th time slot), the master unit may wait to transmit
the (K+2)th through Nth master-identification signals
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until the (K+l)th slot is occupied with master unit-to-
(K+1)th node unit and/or (K+1)th node unit-to-master unit
communication signals. ’

If a plurality of up to N-K node units tries to
access the master unit instantaneously (the time period
between node unit access attempts being less than the slot
period), upon reception of the master-initialization
spread spectrum signal, CSnl, each node unit of this
plurality of node units will transmit a node-
initialization spread spectrum signal, CSm, within the
same time slot, thus jamming at least one of the node-
initialization spread spectrum signals, CSm, at the master
unit. If the master unit does not receive a valid node-
initialization spread spectrum signal, CSm, or identifica-
tion code from a node unit during the time slot, it may
cease to transmit any signal in that time slot for a
predetermined period of time, or it may transmit a "jammed
signal alarm" code through the master unit slot identifi-
cation signal, CSn2. When a lack of response or a jammed
signal alarm code from the master unit is encountered, the
node units which tried to access the master unit instan-
taneously, of the plurality, N - K, of node units, may
initiate a node unit internal "wait" state, whose period
may be derived from each node nit's identification code.
After the wait state period, the plurality of node units

- which failed to access the master unit may attempt to

access it again. Since wait states may be highly unique
to each node unit, it is unlikely that the same plurality
of node units will jam each other again.

If all N time slots are being used for communication
or initialization functions by N node units, then the
master-initialization spread spectrum signal, ©Sn1, is not
transmitted by the master unit, and no new node units of
the plurality of X - N node units may access the master
unit. The master unit may operate such that the Nth time
slot may transmit a "busy" alarm to the plurality of N-K
node units having not established communications with the
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master unit such that it informs them that no further
access is available at that master unit, thereby allowing
only N-1 node units to access the master unit.

Additional object of the inventions and advantages of
the invention will be set forth in part in the description
which follows, and in part will be obvious from the
description or may be learned by practice of the inven-
tion. The objects and advantages of the invention also
may be realized and attained by means of the instrumental-
ities and combinations particularly pointed out in the
appended claims.

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate
preferred embodiments of the invention, and together with
the description serve to explain the principles of the
invention.

FIG. 1 illustrates a master unit with a plurality of
remote units;

FIG. 2 illustrates time slots:;

FIG. 3 illustrates the protocol of the method of the
present invention;

FIG. 4 illustrates the multiple access system timing
diagram of a preferred embodiment using binary signalling
techniques; and

FIG. 5 illustrates the multiple access system timing
diagram of a second preferred embodiment using M-ary
signalling techniques.

Detajled Description of the Preferred odiments
Reference will now be made to the present preferred
embodiments of the invention, examples of which are
illustrated in the accompanying drawings.
The invention disclosed in this patent is related to
the inventions disclosed in U.S. Patent Application
entitled "Spread Spectrum Correlator," by Robert C. Dixon
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and Jeffrey S. Vanderpool and having Serial No. 07/390,315
and Filing Date of August 7, 1989; and in U.S. Patent
Application entitled “Asymmetric Spread Spectrum
Correlator," by Robert C. Dixon and Jeffrey S. Vanderpool
and having Serial No. 07/389,914 and Filing Date of
August 7, 1989, which are expressly incorporated herein by
reference.

In the exemplary arrangement shown in FIG. 1, the
present invention includes a method and apparatus for
establishing communications between a master unit 50 and
N node units. The master unit 50 may be a base station,
PBX, file server or other central controlling device
serving as the center of a star network, and the node
units may be any type of computer, communications, tele-
phone, video or other data device serving as a node point
in the star network. While the system capacity allows N
node units to establish simultaneous communications with
a single master unit, the number, X, of node units that
may access the master unit is not limited to N node units,
but may be much larger than N.

As illustratively shown in FIG. 1, a master unit 50 is
shown with a plurality of N node units 51, 52, 53, 54, 55,
where N = 5, and a plurality of X node units 56, of which
the plurality of N node units is a subset. Of the plural-
ity of N node units 51, 52, 53, 54, 55, three node units
(K = 3), are assumed to already have established communi-
cations channels with the master unit 50 using up to six
different spectrum spreading chip codes to generate up to
six different spread spectrum signals.

A particular node unit and master unit use two of the
six spectrum spreading chip codes during communications.
A first of the two spectrum spreading chip codes is used
while communicating from the master unit to the particular
node unit. A second of the two spectrum spreading chip
codes is used while communicating from the particular node
unit to the master unit. The spectrum spreading chip
codes may be embodied as a pseudo~-random sequence, and the
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spectrum spreading chip codes typically modulate informa-
tion data which may be embodied as a data bit sequence, as
is well known in the art.

A total of five time slots (N = 5), which constitute
a time frame, are assumed available for communicating with
the master unit by use of time division multiple access.
Each of the three node units 51, 52, 53, communicates with
the master unit 50 in a time slot, which may be the first
three of five time slots. Alternatively, each of the
three node units may communicate with the master unit 50
in three time slots which have any predetermined order.
Additionally, a (K+1)th time slot, which by way of example
is the fourth time slot (K + 1 = 4), may occupy, or
"float" to, -any open time slot within the time frame of
the two unused time slots, and may change time slots as
the number, K, of node units which have established
communications links with the master unit, changes. A
node unit, which of the five node units is the fourth node
unit, desires to establish communications with, or access
the master unit 50.

In the present invention, transmitting and/or
receiving in a time slot may include transmitting and/or
receiving in a plurality of time slots in a slot position
within a frame and/or from frame to frame. Transmitting
and/or receiving in a particular time slot also does not
limit a time slot to a particular slot position within a
frame.

In a first embodiment of the invention, the apparatus
and method comprises the steps of transmitting in a
(K+1)th time slot from the master unit 50, a master-
initialization spread spectrum signal, CSnl. The master-
initialization spread spectrum signal uses a master-
common-signalling chip code which is known and stored in
all the node units able to access the master unit. All
of the node units have means responsive to the master-
initialization spread spectrum signal, for correlating
with the master-common-signalling chip code of the master
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unit 50. The correlating means may be embodied as a
surface acoustic wave device (SAW), digital device, or any
other device which can perform the required function. The
master-common-signalling chip code may, but is not
required, to modulate information data embodied as a data
bit sequence or data symbol sequence. The information
data may include indexing or other data pertinent to the
(K+1)th time slot. The entire chip sequence of the
master-common-signalling chip code is transmitted per data
bit or data symbol during the (K+1)th time slot from the
master unit.

In response to receiving the master-initialization
spread spectrum signal, CSnl, at the (K+1)th node unit,
the method and apparatus include transmitting from the
(K+1)th node unit in the (K+l1)th time slot a first node-
initialization spread spectrum signal, CSml. The first
node-initialization spread spectrum signal may, but is not
required,retransmit the master-common-signalling chip code
which was transmitted from the master unit during the
(K+1)th time slot. Alternatively, the first node-
initialization spread spectrum signal, CSmil, may use a
node-common-signalling chip code which can be received by
all master units that the (K+1)th node unit may access.
The first node-initialization spread spectrum, CSmil,
signal additionally may be modulated by information data,
such as the (K+1)th node unit's identification code. The
entire chip sequence of the master-common-signalling chip
code or node-common-signalling chip code modulates each
bit, or symbol, of the information data, i.e., the node
unit's identification code, using spread spectrum
modulation.

The master unit 50 receives +the first node-
initialization spread spectrum signal, CSml, from the
(K+1)th node unit in the (K+1)th time slot, and transmits
in the (K+1)th time slot a master-identification spread
spectrum signal, CSn2. The master-identification spread
spectrum signal uses a master-identification code which is
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common to all X node units. The master-identification
code is modulated by the master-common-signalling chip
code or node common-signalling chip code to produce the
master-identification spread spectrum signal.

The master-identification code may be unique to the
(K+1)th master unit slot, and may be unique to a minimum
of N master-identification codes available at the master
unit 50. The master-identification code, which may be
distinct from all other master-identification codes and
node-identification codes, is used by the node unit for
generating a chip code for a spread spectrum signal used
to communicate with the master unit 50. The chip code. is
generated from an algorithm processing the master-
identification code, which may include, for example, a
one-to-one relationship for setting taps on a set of shift
registers.

In response to receiving the master-identification
spread spectrum signal, CSn2, from the master unit 50 in
the (K+l)th time slot, the (K+1)th node unit transmits in
the (K+1)th time slot its node-identification code to the
master unit using a second node-initialization spread
spectrum signal, CSm2. As described previously for the
first node-initialization spread spectrum signal, the
second node-initialization spread spectrum signal, CSm2,
uses a master-common-signalling chip code, or a node-
common-signalling chip code which is common to all master
units to which the (K+1) node unit may access for
modulating the node-identification code. The (K+1) node-
identification code has a high degree of uniqueness
compared with node unit identification codes by which the
plurality of other node units may access the master unit.

The master unit 50 receives th {K+1)th node-
identification code, and establishes the master-unit-to-
(K+1)th-node-unit communication channel by transmitting in
the (K+1)th time slot a master-unit-(K+1l)th-slot communi-
cation spread spectrum signal, CMNK+1. The spectrum
spreading chip code for the master-unit-(K+1)th-slot-
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communication spread spectrum signal is generated from the
(K+1) th node unit identification code.

In response to receiving the (XK+l1)th master-
identification code, the (K+1)th node unit establishes the
(K+1)th node-unit-to-master unit communication channel by
transmitting in the (K+1)th time slot a (K+1)th node-
unit-communication spread spectrum signal, CNMK+l. The
spectrum spreading chip code for the (K+1)th node unit
communication spread spectrum signal is generated from the
(K+1)th master-identification code.

In the explanatory embodiment discussed herein, the
master unit may operate such that it does not transmit in
a time slot except to send a plurality of K master unit
slot communication spread spectrum signals, CMN1 to CMNK,
in K time slots, to K node units which have established
communications links with the master unit, plus a master-
initialization spread spectrum signal, €Snl, in the case
of a search for a new node unit trying to access the
master unit, or a master unit slot identification signal,
Csn2, in the case of a node unit being in the process of
accessing a master unit, leaving N-K-1 time slots unused.
If the master unit is transmitting a master-identification
spread spectrum signal, CSn2, in the (K+1)th time slot
(the (K+1)th node unit is in the process of accessing the
master unit), it then may transmit a master-initialization
spread spectrum signal, CSnl, in the (K+2)th time slot, in
order to allow the (K+2)th node unit to access the master
unit through the same method.

If a plurality of up to N-K node units tries to access
the master unit sequentially in time, with the period
between access attempts being greater than or equal to the
time frame period, upon reception o©f +the master-
initialization spread spectrum signal, CSnl, each node
unit of the plurality of N - K node units will access the
time slot immediately available following its initiation
of the access attempt. When the first (K+1)th node unit
has accessed the master unit (master unit (K+1)th slot and
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(K+1)th node unit identification signals are being trans-
mitted in the (K+1)th time slot), the master unit may wait
to transmit the (K+2)th master unit slot identification
signal until the (K+1)th slot 'is occupied with master
unit-to-(K+1l)th node unit and/or (K+1)th node unit-to-
master unit communication signals.

If a plurality of up to N-K node units tries to access
the master unit instantaneously (the time period between
node unit access attempts being less than the frame
period), upon reception of the master-initialization
spread spectrum signal, CSnl, each node unit of this
plurality of node units will transmit a first node
initialization spread spectrum signal, CSml, within the
same time slot, thus jamming at least one of the node unit
initialization sigﬁals, Csm, at the master unit. If the
master unit does not receive a valid node-initialization
spread spectrum signal, CSm, or identification code from
a node unit during the time slot, it may cease to transmit
any signal in that time slot for a predetermined period of
time, or it may transmit a "jammed signal alarm" code
through the master-identification spread spectrum signal,
CSn2. When a lack of response or a jammed signal alarm
code from the master unit is encountered, the node units
which tried to access the master unit instantaneously, of
the plurality, N - K, of node units, may then initiate a
node unit internal "wait" state, whose period may be
derived from each node unit's identification code. After
the wait state period, the plurality of node units which
failed to access the master unit may attempt to access it
again. Since wait states may be highly unique to each
node unit, it is unlikely that the same plurality of node
units will jam each other again.

If all N time slots are being used for communication
or initialization functions by N node units, then the
master-initialization spread spectrum signal, €Snl, is not
transmitted by the master unit, and no new node units of
the plurality of X - N node units may access the master




WO 92/07434 PCT/US91/07382

10

15

20

25

30

35

17

unit until a time slot opens up through one or more of the
N node units abandoning communications with the master
unit. '

As an alternative architecture to the present
embodiment, the master unit may operate such that the Nth
time slot may be held in reserve to transmit a "busy"
alarm to the plurality of N-K node units having not
established communications with the master unit such that
it informs them that no further access is available at
that master unit, thereby allowing only N-1 node units to
access the master unit.

The time division multiple access frame and time slots
of the present invention are illustratively shown in FIG.
2. There are N time slots, with N = 5, available for N
node units to communicate with the master unit, with K = 3
time slots already being used by the first K node units
which are communicating with the master unit. During any
one or all of the available N-K = 2 time slots, the master
unit transmits a master-initialization spread spectrum
signal, CSnl, common to the set of X node units that may
access the master unit, of which the N = 5 node units is
a subset. Since all node units which may access the
master unit recognize the first master-initialization
spread spectrum signal, CSnl, the 4th node unit trying to
access the master unit will know that this time slot is
available for communicating. In response to receiving the
master-initialization spread spectrum signal, €Snl, in the
4th time slot, the 4th node unit may transmit in the 4th
time slot to the master unit its identification code or a
simple acknowledgment ("ACK") through a first node-
initialization spread spectrum signal, CSml, common to all
master units it may access, but distinct from the master-
initialization spread spectrum signal, CSnl.

In response to receiving the first node-initialization
spread spectrum signal, CSml, in the 4th time slot from
the 4th node unit, the master unit transmits its 4th
master-identification code, which may be distinct from all
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other master and node unit identification codes, with a
master-identification spread spectrum signal, CcSn2, common
to the plurality of node units that may access the master
unit and distinct from the master-initialization spread
spectrum signal, CSnl, and the first node~initialization
spread spectrum signal, CSml. 1In response to receiving
the 4th master-identification spread spectrum signal,
CSn2, the 4th node unit may transmit in the 4th time slot
its identification code through the second node-
initialization spread spectrum signal, CSm2. 1In response
to receiving the 4th node-identification code, the master
unit derives a master unit spectrum spreading communica-
tion code for the 4th slot from the 4th node-
identification code, and uses it to generate a master unit
4th slot communication spread spectrum signal, CMN4. The

4th master unit slot communication signail, CMN4, is then

used for all transmissions from the master unit to the 4th
node unit.

In response to receiving the master-identification
code for the 4th time slot, the 4th node unit derives a
4th node unit spectrum spreading communication code from
the master-identification code, and uses it to generate a
4th node unit communication spread spectrum signal, CNM4.
The 4th node unit communication signal, CNM4, is then used
for all transmissions from the 4th node unit to the master
unit.

In a particular embodiment, there may be 4K samples
per second, divided into K frames of four time slots of
one milliseconds each, allowing N = 4 users to use one
time slot 1000 times per second. The master unit trans-
mits eighteen bits (two addressing, sixteen data) in each
time slot it uses, yielding 16 kbps throughput from the
master unit to each node unit per slot. 1In initialization
or identification modes, the eighteen bits may be used
differently. Node units, which may be embodied as hand-
sets as illustrated in FIG. 1, transmit eighteen bits per
time slot only in response to receiving a spread spectrum
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initialization, identification, or communication signal
from the master unit. The master unit transmission frame
comprises four time slots, and is configured such that it
does not transmit in a time slot except to send a spread
spectrum communication signal to K users who are on line,
plus an initialization (in the case of a search for a new
node unit trying to access the master unit) or identifica-
tion (in the case of a new node unit in the process of
accessing a master unit) signal, leaving N-K-1 time slots
open. If the master unit is transmitting a master-
identification spread spectrum signal in the (K+1)th time
slot (i.e. the (K+1)th node unit is accessing the system),
it then may transmit a master-initialization spread
spectrum signal in the (K+2)th time slot, in order to
allow the (K+2)th node unit to access the master unit.
Thus, if two node units are present, then the master unit
transmits in the 1st through second time slots the
communication spread spectrum signals pertaining to the
1st through second nodes, and in the third time slot an
initialization spread spectrum signal common to all node
units that may access the master unit, which may be
distinct from all communication and identification spread
spectrum signals.

If, with N = 4 and K = 2 node units, a plurality of up
to 2 node units try to access the master unit sequentially
in time, with the period between access attempts being
greater than or equal to the frame period, or one milli-~
second, upon reception of the master-initialization spread
spectrum signal, €Snl, the third and fourth node units
will access the third and fourth time slots, respectively,
immediately available in the first time frame following
their respective initiatisns of the access attempt. When
the third node unit has accessed the system (master unit
slot and third node unit identification signals are being
transmitted in the third time slot), the master unit may
wait to transmit the fourth master unit slot identifica-
tion signal until the third slot is occupied with master
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unit-to-3rd node unit and/or 3rd node unit-to-master unit
communication signals. If, with N = 4 and K = 2 node
units, a plurality of up to 2 node units tries to access
the master unit instantaneously (the time period between
node unit access attempts being less than the frame

period, or one millisecond), upon reception of the master-

initialization spread spectrum signal, CSnl, in the third
time slot, the third and fourth node units will transmit
a first node-initialization spread spectrum signal, CSmil,
within the third time slot, thus jamming at least one of
the first node-initialization signals, CSml, at the master
unit. If the master unit does: not receive a wvalid
initialization signal, CSm, or identification code from a
node unit during the third slot, it may cease to transmit
any signal in the third time slot for a predetermined
period of time, or it may transmit a "jammed signal alarm"
code through the master-identification spread spectrum
signal, CsSn2. When a lack of response or a jammed signal
alarm code from the master unit is encountered, the third
and fourth node units may then initiate a node unit
internal "wait" state, whose period may be derived from
each node unit's identification code. After the wait
state period, the third and fourth node units may attempt
to access it again. Since wait states may be highly
unique to each node unit, it is unlikely that the third
and fourth node will units jam each other again. If all
four time slots are being used for communication or
initialization functions by four node units, then the
initialization spread spectrum signal, €Snl, is not
transmitted by the master unit, and no new node units of
the plurality of X - 4 node units may access the master
unit,

With N = 4 and K = 2, the master unit may function
with the initialization, identification, and communication
procedures detailed above, but may be configured to trans-
mit the master-initialization spread spectrum signal,
Csnl, in the vacant the third and fourth time slots. 1If
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the master unit does transmit the third and fourth vacant
time slots, node units three and four may access the
master unit in the third and fourth time slots, respect-
ively or randomly. Therefore, the third node unit trying
to access the master unit would access the first time slot
immediately available after its initiation of the access
attempt, instead of waiting for the third time slot to
occur in the next frame.

Thus, if two users are present, the master unit
transmits in the 1st through second time slots the master
unit communication spread spectrum signals, CMN1 through
CMN2, pertaining to the first through second node units,
and in the third through fourth time slots a master
initialization spread spectrum signal, CSnl, common to the
plurality, X, of node units that may access the master
unit, which may be distinct from all master or node unit
communication and identification spread spectrum signals.
If 2 node units try to access the master unit sequentially
in time, with the period between access attempts being
greater than or equal to the slot period of 250 micro-
seconds, upon reception of the master-initialization
spread spectrum signal, CSnl, each node unit will access
the open time slot available immediately following its
initiation of the access attempt. When the third node
unit has accessed the master unit (master unit slot and
third node unit identification signals are being trans-
mitted in the third time slot), the master unit may wait
to transmit the fourth master unit slot identification
signal until the third slot is occupied with master unit-
to-4th node unit and/or third node unit-to-master unit
communication signals.

If a plurality of up to 2 node units. tries tc access
the master unit instantaneously (the time period between
node unit access attempts being less than the slot period,
or 250 microseconds), upon reception of the master-
initialization spread spectrum signal, CSnl, the third and
fourth node wunits will transmit a first node-
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initialization spread spectrum signal, CSM1l, or second
node-initialization spread spectrum signal, CSm2, within
the same time slot, thus jamming at least one of the node-
initialization spread spectrum signal or node-
identification spread spectrum signal, CSm, at the master
unit. If the master unit does not receive a valid node-
initialization spread spectrum signal or node-
identification spread spectrum signal, CSml, or identifi-
cation code from a node unit during the time slot, it may
cease to transmit any signal in that time slot for a
predetermined period of time, or it may transmit a "jammed
signal alarm" code through the master-identification
spread spectrum signal, CSn2. When a lack of response or
a jammed signal alarm code from the master unit is
encountered, the third and fourth node units may initiate
a node unit internal "wait" state, whose period may be
derived from each node unit's identification code. After
the wait state period, the third and fourth node units may
attempt to access it again. Since wait states may be
highly unique to each node unit, it is unlikely that the
third and fourth node units will jam each other again.

FIG. 3 illustratively shows the foregoing protocol of
the present invention.

In a second embodiment of the present invention, a
fixed, or Fth, time slot, such as the 1lst or Nth slots of
the plurality of N time slots in a time frame, serves as
the access slot. The second method and apparatus
comprises the steps of transmitting in the Fth time slot
from the master unit the master-initialization spread
spectrum signal, CSnl, common to all node units. The Fth
time slot may occupy a fixed time slot within the time
frame of the N-K unused time slects, and deces nct change
slots as the number, K, of node units which have estab-
lished communications links with the master unit, changes.
In response to receiving the master-initialization spread
spectrum signal, CSnl, in the Fth time slot, the (K+1l)th
node unit transmits in the Fth time slot a (K+1)th node-
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initialization spread spectrum signal, cSm, which may be
the same as CSnl, common to all master units that the
(k+1)th node unit may access, which may contain the
(K+1)th node unit's identification code.

The master unit receives the node-initialization
spread spectrum signal, CSm, in the Fth time slot from the
(K+1)th node unit, and transmits in the Fth time slot a
master-identification spread spectrum signal, CSn2, which
may be distinct from spread spectrum signal C€Snl but
common to all X node units, containing the master unit's
(K+1)th slot identification code, which may include
information directing the (K+1)th node unit as to which
time slot and spectrum spreading code to use for communi-
cation from the (K+1)th node unit to the master unit.

In response to receiving the master-identification
spread spectrum signal, CSn2, the (K+1)th node unit may
transmit in the Fth time slot the (K+1l)th node-
initialization spread spectrum signal, CSm, common to all
master units that it may access, which may contain its
(K+1)th node unit identification code, which may have a
high degree of uniqueness to the plurality of the N-1
other node units.

The master unit receives the (K+1)th node unit's
identification code from the (K+1)th node unit in the Fth
time slot via the node-initialization spread spectrum
signal, CSm, common to all master units accessible by the
(K+1)th node unit, and transmits in the (K+1)th time slot
a master unit (K+1)th slot communication spread spectrum
signal, CMNk+1l, generated from a spectrum spreading code
derived from the (K+1)th node unit's identification code.

In response to receiving the (K+1)th master unit
identification code from the master unit in the Fth time
slot via the master-identification spread spectrum signal,
CSn2, common to all X node units, the (K+1)th node unit
transmits in the (K+1)th time slot a (K+1)th node unit
communication spread spectrum signal, CNMk+1, generated
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from a spectrum spreading code derived from the (K+1)th
master~identification code.

As an alternative architecture of the second
embodiment, the (K+1)th node unit may transmit the (K+1l)th
node communication spread spectrum signal in the (K+1)th
time in slot in response to receiving the master unit
(K+1)th slot communication signal in the (K+l)th time
slot. In this case, the master-identification spread
spectrum signal transmitted in the Fth time slot would not
necessarily contain information detailing which time slot
of the N-K time slots to use for communication -
transmissions. ) .

In the second embodiment, the master unit may operate
such that it does not transmit in a time slot except to
send a plurality of K master unit slot communication
spread spectrum signals, CMN1 to CMNK, to K node units
which have established communications 1links with the
master unit, plus a master-initialization spread spectrum
signal, CSnl, in the case of a search for a new node unit
trying to access the master unit, or a master-
identification spread spectrum signal, CSn2, in the case
of a node unit being in the process of accessing a master
unit, in the Fth time slot, leaving N-K-1 time slots
unused. If the master unit is transmitting a master-
identification spread spectrum signal, CSn2, in the Fth
time slot (assuming the (K+1l)th node unit is in the
process of accessing the system), it then may transmit a
master initialization spread spectrum signal, CSnl, in one
of the N-K-1 unused time slots, in order to allow the
(K+2)th node unit to access the master unit.

If a plurality of up to N-K node units tries to access
the master unit sequentially in time, with the pericd
between access attempts being greater than or equal to the
frame period, upon reception of the master-initialization
spread spectrum signal, CSnl, each node unit of the
plurality of N - K node units will access the (K+1)th time
slot ‘through the Fth time slot immediately available
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following its initiation of the access attempt. When the
first (K+1)th node unit has accessed the system (assuming
the master-identification and (K+1)th node~identification
spread spectrum signals are being transmitted in the Fth
time slot), the master unit may wait to transmit the
(K+2) th master-identification spread spectrum signal until
the (K+1)th slot is occupied with master unit-to-(K+l1)th
node unit and/or (K+1)th node unit-to-master unit
communication signals.

If a plurality of up to N-K node units tries to access
the master unit instantaneously (the time period between
node unit access attempts being less than the frame
period), upon reception of the master-initialization
spread spectrum signal, €CSnl, in the Fth time slot, each
node unit of this plurality of node units will transmit a
node-~initialization spread. spectrum signal, CSm, within
the same time slot, thus jamming at least one of the node~
initialization spread spectrum signals, CSm, at the master
unit. If the master unit does not receive a valid
initialization signal, CSm, or identification code from a
node unit during the time slot, it may cease to transmit
any signal in the Fth time slot for a predetermined period
of time, or it may transmit a "jammed signal alarm" code
through the mastet-identification spread spectrum signal,
CSn2. When a lack of response or a jammed signal alarm
code from the master unit is encountered, the node units
which tried to access the master unit instantaneously, of
the plurality, N - K, of node units, may then initiate a
node unit internal "wait" state, whose period may be
derived from each node unit's identification code. After
the wait state period, the plurality of node units which
failed to access the master unit may attempt to access it
again. Since wait states may be highly unique to each
node unit, it is unlikely that the same plurality of node
units will jam each other again.

If all N-1 time slots are being used for communication
or initialization functions by N-1 node units, then the
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master-initialization spread épectrum signal, CcSnl, is not
transmitted. The master unit may operate such that the
Fth time slot may a "busy" alarm to the plurality of N-K
node units having not established communications with the
master unit such that it informs them that no further
access is available at that master unit, thereby allowing
only N-1 node units to access the master unit.

In a third embodiment of the present invention, the
master unit may function with the initializatioen,
identification, and communication protocols as set forth
in the first and second embodiments, but may be configured
to transmit the master-initialization spread spectrum
signal, CSnl, in a plurality of vacant (N-K) time slots,
simultaneously. If the master unit does transmit in a
plurality of vacant (N-K) time slots, node units (K+1),
(K+2), (K+3),..., (K+(N-K)) (or N) may access the master
unit in the (K+1l)th, (K+2)th, (K+3)th,..., (K+(N-K))th (or
Nth) time slots, respectively or randomly. Therefore, the
(K+1)th node unit trying to access the master unit would
access the first time slot immediately available after its
initiation of the access attempt, instead of waiting for
the (K+1)th or Fth time slot to occur in the next frame.

Thus, if K users are present, the master unit trans-
mits in the 1st through Kth time slots the master unit
communication spread spectrum signals, CMNl1 through CMNk,
pertaining to the 1st through Kth node units, and in the
(K+1)th through Nth time slots a master initialization
spread spectrum signal, CSnl, common to the plurality,X,
of node units that may access the master unit, which may
be distinct from all master or node unit communication and
identification spread spectrum signals.

If a2 plurality of up to N-X node units tries to access
the master unit sequentially in time, with the period
between access attempts being greater than or equal to the
slot period, upon reception of the master-initialization
spread spectrum signal, CSnl, each node unit will access
the open time slot available immediately following its
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initiation of the access attempt. When the first (K+1)th
node unit has accessed the master unit (master unit slot
and (K+1)th node unit identification signals are being
transmitted in the (K+1)th time slot), the master unit may
wait to transmit the (K+2)th through Nth master unit slot
identification signals until the (K+1)th slot is occupied
with master unit-to-(K+1)th node unit and/or (K+1)th node
unit-to-master unit communication signals.

If a plurality of up to N=K node units tries to access
the master unit instantaneously (the time period between
node unit access attempts being less than the slot
period), upon reception of the master-initialization
spread spectrum signal, CSnl, each node unit of this
plurality of node units will transmit a node-
initialization spread spectrum signal, CSm, within the
same time slot, thus jamming at least one of the node-
initialization spread spectrum signals, CSm, at the master
unit. If the master unit does not receive a valid node-
initialization spread spectrum signal, CSm, or identifi-
cation code from a node unit during the time slot, it may
cease to transmit any signal in that time slot for a
predetermined period of time, or it may transmit a "jammed
signal alarm" code through the master unit slot identifi-
cation signal, CSn2. When a lack of response or a jammed
signal alarm code from the master unit is encountered, the
node units which tried to access the master unit instan-
taneously, of the plurality, N - K, of node units, may
initiate a node unit internal "wait" state, whose period
may be derived from each node unit's identification code.
After the wait state period, the plurality of node units
which failed to access the master unit may attempt to
access it again. Since wait states may be highly unigue
to each node unit, it is unlikely that the same plurality
of node units will jam each other again.

If all N time slots are being used for communication
or initialization functions by N node units, then the
initialization spread spectrum signal, €Snl, is not
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transmitted by the master unit, and no new node units of
the plurality of X - N node units may access the master
unit. The master unit may operate such that the Nth time
slot may transmit a "busy" alarm to the plurality of N-K
node units having not established communications with the
master unit such that it informs them that no further
access is available at that master unit, thereby allowing
only N-1 node units to access the master unit.

It will be apparent to those skilled in the art that
various modifications can be made to the method for estab-
lishing spread spectrum communications between a master
unit and a plurality of node units of the present inven-
tion, without departing from the scope or spirit of the
invention, and it is intended that the present invention
cover modifications and variations of the method for
establishing spread spectrum communications as described
herein, provided they come within the scope of the
appended claims and their equivalents.
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Claims

1. A method for establishing communications between
a master unit and a plurality of N node units wherein K
node units of said plurality of node units have estab-
lished communications channels with said master unit using
K spread spectrum codes, respectively, with a time slot
for each the the K node units in the first K time slots,
respectively, and a first node unit of the N-K node units
of said plurality of said node units, desires to establish
communications with said master unit, comprising the steps
of:

transmitting, in a (K+1)th time slot from said master
unit, a master-initialization spread spectrum signal
modulated by a master-common-signalling chip code;

transmitting, in the (K+1)th time slot from said
first node unit, responsive to receiving the master-
initialization spread spectrum signal at said first node
unit, a first node-initialization spread spectrum signal;

transmitting, in the (K+1)th time slot from said
master unit, responsive to receiving the first node-
initialization spread spectrum signal at said master unit,
a master-identification spread spectrum signal with a
master-unit-slot-identification code, modulated by the
master-common-signalling chip code having a master-
identification code;

transmitting, in the (K+1)th time slot from said
first node unit, responsive to receiving the master-
identification spread spectrum signal at said first node
unit, a second node-initialization spread spectrum signal
modulated by a first identification code and the master-
common-signalling chip code of the master-initialization
spread spectrum signal;

generating, at said first node unit using the master
identification spread spectrum signal, a master unit chip
code for transmitting spread spectrum signals to said
master unit;
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generating, at said master unit using the first
identification code, a first node unit chip code for
transmitting spread spectrum signals to said first node
unit; and

communicating from said master unit using the node
unit chip code, and from said first node unit using the
master unit chip code, in the (K+1)th time slot.

2. A method for establishing communications between
a master unit and a first node unit comprising the steps
of:

transmitting, a,maéter-initialization~spread spectrum
signal modulated by a master-common-signalling chip code;

transmitting, responsive to receiving the master-
initialization spread spectrum signal at said first node
unit, a first node-initialization spread spectrum signal;

transmitting, responsive to receiving the first node-
initialization spread spectrum signal at said master unit,
a master-identification spread spectrum signal having a
master-unit-slot-identification code modulated by the
master-common-signalling chip code having a master-
identification code;

transmitting, responsive to receiving the master-
identification spread spectrum signal at said first node
unit, a second node-initialization spread spectrunm signal
modulated by a first identification code and the master-
common-signalling chip code of the master-initialization
spread spectrum signal;

generating, at said first node unit using the master
identification spread spectrum signal, a master unit chip
code for transmitting spread spectrum signals to said
master unit;

generating, at said master unit using the first
identification code, a first node unit chip code for
transmitting spread spectrum signals to said first node
unit; and
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communicating from said master unit using the node
unit chip code, and from said first node unit using the
master unit chip code.

3. The method as set forth in claim 2 further
comprising the steps, using a second node unit, of:

transmitting, responsive to receiving the slot-
initialization spread spectrum signal at said second node
unit, a node-unit-initialization spread spectrum signal
with a second identification code, using the
common-signalling chip code;

transmitting, responsive to receiving the node-
unit-initialization spread spectrum signal at said master

- unit, the second slot-initialization spread spectrum

signal with the base-station identification code, using
the common-signalling chip code:

generating, at said second node unit using the
master-unit-slot-identification code, a second master unit
chip code for transmitting spread spectrum signals to said
master unit; and

generating, at said master unit using the second
identification code, a node unit chip code for trans-
mitting spread spectrum signals to said second node unit.

4. A systenm for establishing communications between
a master unit and a plurality of N node units wherein K
node units of said plurality of node units have estab-
lished communications channels with said master unit using
K spread spectrum codes, respectively, with a time slot
for each the the K node units in the first K time slots,
respectively, and a first node unit of the N-K node units
of said plurality of said node units, desires tc establish
communications with said master unit, comprising:

means, located at said master unit, for transmitting,
in a (K+1l)th time slot from said master unit, a master-
initialization spread spectrum signal modulated by a
master-common-signalling chip code;
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means, located at said first node unit and responsive
to receiving the master-identification spread spectrum
signal at said first node unit, for transmitting,in the
(K+1)th time slot from said first node unit, a second
node-initialization spread spectrum signal modulated by a
first identification code and the'master-common-s1gnal11ng
chip code of the master-initialization
spread spectrum signal;

means, located at said master unit and responsive to
receiving the first node-initialization spread spectrum
signal at said master unit, for transmitting in the
(K+1)th time slot from said master unit, a master-
identification spread spectrum signal with a master-unit-
slot-identification code, modulated by the master-common-
signalling chip code having a master-identification code;

means located at said first node unit and responsive
to receiving the master-identification spread spectrum
signal at said first node unit, for transmitting, in the
(K+1)th time slot from said first node unit, a second
node-initialization spread spectrum signal modulated by a
first identification code and the master-common-signalling
chip code of the master-initialization spread spectrum
signal;

means, located at said first node unit and using the
master identification spread spectrum signal, for generat-
ing, a master unit chip code for transmitting spread
spectrum signals to said master unit:;

mean, located at said master unit and using the first
identification code, for generating a first node unit chip
code for transmitting spread spectrum signals to said
first node unit; '

means located at said master unit for communicating
from said master unit using the node unit chip code, in
the (K+1)th time slot; and

means located at said first node unit for communi-
cating from said first node unit using the master unit
chip code, in the (K+1)th time slot.
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5. A system for establishing communications between
a master unit and a first node unit, comprising:

means, located at said master unit, for transmitting,
a master-initialization spread spectrum signal modulated
by a master-common-signalling chip code;

means, located at said first node unit and responsive
to receiving the master-identification spread spectrum
signal, for transmitting, a second node-initialization
spread spectrum signal modulated by a first identification
code and the master-common-signalling chip code of the
master-initialization spread spectrum signal;

means, located at said master unit and responsive to
receiving the first node-initialization spread spectrum
signal at said master unit, for transmitting a master-
identification spread spectrum signal with a master-unit-
slot-identification code, modulated by the master-common-
signalling chip code having a master-identification code;

means located at said first node unit and responsive
to receiving the master-identification spread spectrum
signal at said first node unit, for transmitting, a second
node-initialization spread spectrum signal modulated by a
first identification code and the master-common-signalling
chip code of the master-initialization spread spectrum
signal;

means, located at said first node unit and using the

master identification spread spectrum signal, for generat-

ing, a master unit chip code for transmitting spread
spectrum signals to said master unit;

mean, located at said master unit and using the first
identification code, for generating a first node unit chip
code for transmitting spread spectrum signals to said
first nede unit;

means located at said master unit for communicating
from said master unit using the node unit chip code, in
the (K+1)th time slot; and
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means located at said first node unit for communi-
cating from said first node unit using the master unit
chip code, in the (K+1)th time slot.

6. The system as set forth in claim 5 further
comprising:

means located at said second node unit and responsive
to receiving the slot-initialization spread spectrum
signal at said second node unit, for transmitting a node-
unit-initialization spread spectrum signal with a second
identification code, using the common-signalling chip
code;

means located at said master unit and responsive to
receiving the. node-unit-initialization spread spectrum
signal at said master unit, for transmitting the second
slot-initialization spread spectrum signal with the base-
station identification code, using the common-signalling
chip code;

means located at said second node unit using the
master-unit-slot-identification code, for generating a
second master unit chip code for transmitting spread
spectrum signals to said master unit; and

means located at said master unit using the second
identification code, for generating a node unit chip code
for transmitting spread spectrum signals to said second
node unit.
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