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Abrege/Abstract:
ethod and system of operating a wireless local area network station adapted to transmit and receive a signal within a

Com

munication cell. The method includes the steps of establishing a carrier detect threshold level, establishing a defer threshold

level, and transmitting a signal when the signal level detected by the network station i1s above the defer threshold level.

Add

itionally, the method further includes the step of receiving a signal transmission intended for the network station when the

power of the recelved signal transmission Is above the carrier detect threshold level.
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WIRELESS LOCAL AREA NETWORK WITH
ENHANCED CARRIER SENSE PROVISION

Abstract

A method and system of operating a wireless local area network
station adapted to transmit and receive a signal within a communication cell.
The method includes the steps of establishing a carrier detect threshold
level, establishing a defer threshold level, and transmitting a signal when the
signal level detected by the network station 1s above the deter threshold
level. Additionally, the method further includes the step of receiving a

signal transmission intended for the network station when the power of the

received signal transmission 1s above the carrier detect threshold level.
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WIRELESS LOCAL AREA NETWORK WITH
ENHANCED CARRIER SENSE PROVISION

Field of the Invention

This invention relates to wireless data communication systems and
specifically to the utilization of an enhanced medium access control function

by employing at least two signal level thresholds.

Background of the Invention

With a view to obviate the need for wired cabling connections

between stations in local area networks (LANSs), wireless local area
networks have been developed, and are now commercially available. These
wireless local area networks employ a plurality of mobile network stations,
which may be data processing devices (such as personal computers) having
wireless communication capability.

In wired based networks, collision detection can be accomplished
with a relative ease. However, for wireless based networks, which use a
single channel, it is substantially difficult to detect collisions due to the large
dynamic range of receive signal levels. Therefore, wireless local area
networks typically employ a collision avoidance scheme, instead of collision
detection.

Wireless local area networks, LANSs, are generally configured based
on a medium access control (MAC) arrangement that employs a listen-
before-talk scheme like CSMA/CA (carrier sense multiple access with
collision avoidance) as described by the IEEE 802.11 standard. In

accordance with one embodiment described in the IEEE 802.11 standard, a
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wireless local area network includes an access point, which serves as a base
station and a plurality of other network stations. The network stations
within a group or a cell communicate directly to their corresponding access
point. This access point forwards messages to the destination station within
the same cell or through a wired distribution system to another access point,
from which such messages arrive finally at a desired destination station.

In accordance with the medium access control (MAC) arrangement,
each local area network station begins transmission when i1t determines that
no other station is transmitting communication signals. To this end, each
station defers its transmission of signals, so long as the signal level it
receives from other stations i1s above a specifiable receive threshold level.
Thus, the medium access control (MAC) arrangement prevents a sccond
station remotely located from the first station, to start signal transmission
that overlaps in time with an earlier started transmission by the first station.
Typically, the second station defers its signal transmission for a randomly
selected period of time.

A very short duration carrier detect turnaround time 1s fundamental
for this random wait characteristic. For example, IEEE 802.11 DSSS (direct
sequence spread spectrum) standard calls for a slotted random wait behavior
based on 20 usec (microsecond) time slots, which cover the carrier detect
turnaround time. .

Additionally, the medium access control (MAC) described by the
IEEE 802.11 standard calls for one signal threshold level for both receive
and defer modes. The lowest level of the receive threshold 1s also the level
used for deferring. Accordingly, if the receiver detects any other signal

above the receive threshold, it will stop transmitting. The IEEE 802.11
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DSSS standard specifies a defer threshold that has to be equal or more
sensitive than -70 dBm at a transmit power below 50 mW, -76 dBm at a
transmit power between 50 and IQO mW, and -80 dBm at a transmit power
between 100 mW and 1 Watt. '

Referring to Figure 1, the prior art method of providing a collision
avoidance scheme is shown and described. Specifically, the IEEE 802.11
CSMA/CA protocol 1s designed to reduce the collision probability between
multiple stations accessing the medium at the point where they would most
likely occur. The highest probability of a collision would occur at the point
in time just after the medium becomes free, following a busy medium. This
is because multiple stations would have been waiting for the medium to
become available again. Therefore, a random back off arrangement 1s used
to resolve medium contention conflicts. As 1s evident to those skilled 1n the
art, a very short duration carrier detect turnaround time 1s fundamental tor
this random wait characteristic. In addition, the IEEE 802.11 medium access
control, MAC, defines an option for medium reservation via RTS/CTS
(request-to-sender/clear-to-send) polling interaction and point coordination
for time bounded services. As shown in Figure 1, after a busy medium
period, all wireless LAN devices have to waft during a so called IES (inter

frame spacing) period and then they can attempt to transmit after waiting the

required random number of slot time intervals as long as there are no other

transmissions.

With reference to co-channel medium reuse, the IEEE 802.11 DSSS

standard provides for acceptable capture properties, which allows the usage

of a less sensitive defer threshold leading to better medium reuse conditions.

However, a less sensitive defer threshold means that the range at which the
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corruption of transmissions 1s prevented is smaller. In access point based
networks and ad-hoc networks with a server station, the traffic goes to and
from the access point or server station. The minimum receive level at which
access point/server station and its assigned stations receive each other 1s
difficult to predict due to the multipath fading and shadowing effects and
due to the changing distance of a mobile network station from the access
point.

Thus, there is a need for an improved medium access arrangement
that allows for successtul reception at a lower level and yet provides for a
substantially high co-channel medium reuse and substantially low power

consumption.

Summary of the Invention

The present invention provides an enhanced medium access control

(MAC) arrangement for each station within a local area network, by
employing two variable parameters. One parameter 1s referred to as the
carrier detect threshold for receiving a desired signal. The carrier detect
threshold is the level of the observed carrier signal, below which a network
station will not attémpt to process data signals. For example, by varying the
carrier detect threshold, it is possible to select the signal level above which

signals are received and processed. The second parameter 1s referred to as

the defer threshold. The defer threshold is the level of the observed carrier

signal, above which a network station will defer the transmission of data

signals.

In accordance with one embodiment of the invention, the defer

threshold is configured to be more sensitive than the carrier detect threshold
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such that all stations wanting to transmit a data signal will defer their signal
transmission so long as any other network station or the access point is
transmitting data signals. The desired cell size of the wireless local area network,
and the required capture ratio for good reception are some of the parameters that
determine the value of the carrier detect threshold and defer threshold
parameters. The less sensitive the deter threshold, the better 1s the medium reuse.
In this way, the optimization of aggregate network throughput and the ability to
cover larger distances at lower traffic intensity, can be combined by selecting the
appropriate defer and carrier detect thresholds.

Preferably, in accordance with one embodiment of the invention, the
same defer threshold 1s utilized for all stations, including the cell area’s
corresponding access point.

However, it 1s to be understood that the carrier detect threshold can be
advantageously varied selectively for each station. In other words, a sensitive
carrier detect threshold will cause the transceiver chip to do processing more
often than a less sensitive carrier detect threshold. Advantageously, a less
sensitive carrier detect threshold allows for reduced battery power consumption,
which, as evident to those skilled in the art, 1s important for battery operated
mobile network stations.

In accordance with one aspect of the present invention there is provided a
method of operating a wireless local area network station comprising the steps
of: establishing a variable carner detect threshold level, so as to define a range of
signal levels above which received signals are processed; establishing a variable
defer threshold level, above which transmission of signals 1s deferred; receiving
a carrier signal having a corresponding power signal level; transmitting a carrier
signal when said power signal level 1s below said defer threshold level; and

processing said carrier signal intended for said network station when said power

signal level is above said variable carrier detect threshold level.
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[n accordance with another aspect of the present invention there is
provided a wireless local area network station adapted to transmit and receive a
signal within a communication cell, comprising: a carrier detect threshold circuit
configured to receive a carrier signal having a power signal level, said carrier
detect threshold circuit generating a carrier detect indication signal when said
power signal level 1s substantially equal or larger than a variable carrier detect
threshold level, so as to define a range of signal levels above said variable
carrier detect threshold level wherein received signals are processed; a defer
threshold circuit configured to receive said carrier signal having said power
signal level, said defer threshold circuit generating a defer indication signal
when said power signal level is substantially equal or larger than a variable defer
threshold parameter, above which transmission of signals is deferred; and a
signal processing circuit coupled to said carrier detect threshold circuit and said
deter threshold circuit so as to receive said carrier detect indication signal and
said defer indication signal such that said signal processing circuit processes
signal received by said network station in response to said carrier detect
indication signal and said signal processing circuit defers transmission of signals

by said network station in response to said defer indication signal.

Brief Description of the Drawings
One embodiment of the invention will now be described by way of

example, with reference to the accompanying drawings, in which:
Figure 1 1s a plot of a tuming diagram 1llustrating the operation of a prior

art carrier sense multiple access with collision avoidance arrangement;
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Figure 2 1s a block diagram of a wireless local area network including
an access point and two mobile network stations 1n accordance with one
embodiment of the present invention;

Figure 3 1s a plot 1llustrating the power observed by a network station,
as a function of distance, when the corresponding access point transmits a
signal, and the effect of two exemplary carrier detect threshold levels on the
size of a local area network cell in accordance with one embodiment of the
invention;

Figure 4 1s a plot 1llustrating the relationship between the defer
threshold and the carrier detect threshold for a wireless local area network 1n
accordance with one embodiment of the present invention; and

Figure 5 is a plot illustrating the effect of increasing the sensitivity of
the carrier detect threshold level in accordance with one embodiment of the

present invention.

Detailed Description

- With reference to Figure 2 there is shown a preferred embodiment of
a wireless local area network (LAN) 10 1n which the present invention 1s
implemented. Local area network 10 includes an access point 12, which
serves as a base station as described above. However, the invention 1s not
limited in that respect and other types of local area networks that employ a
server station for forwarding messages back and forth to network stations
may be employed. Access point 12 may be connected to other devices
and/or networks with which network stations in the LAN 10 may

communicate. Access point 12 includes an antenna 16 configured to

transmit and receive data signals over a communications channel.
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Network 10 also includes mobile network stations 18, such as mobile

stations 18-1, 18-2, each having an antenna 20. The mobile stations are

capable of transmitting and receiving messages selectively at a data rate of 1
Mbit/s (Megabit per second) or 2 Mbit/s, using direct sequence spread
spectrum ( DSSS ) modulation, although the invention 1s not limited 1n scope
in that respect. Each mobile station 18 includes a carrier detect threshold
circuit 70 and a defer threshold circuit 72, adapted to receive signals via
antenna 20. A memory 74 is configured to store the values of carrier detect
threshold parameter and defer threshold parameter. An output port of
memory 74 is coupled to an input port of carrier detect threshold circuit 70.
Similarly another output port of memory 74 1s coupled to an input port of
defer threshold circuit 72. As such memory 74 provides a signal to carrier
detect threshold circuit 70 that corresponds to a desired carrier detect
threshold parameter. Similarly, memory 74 provides a signal to defer
threshold circuit 72 that corresponds to a desired defer threshold parameter.
Mobile network station 18 further includes a signal processing circuit
76 that is configured to process the signals received via antenna 20. Signal
processing circuit 76 also processes the signals that are intended to be
transmitted by mobile network station 18 via antenna 20. An input port of
signal processing circuit 76 is configured to receive a detect indication
signal from an output port of carrier detect threshold circuit 70. Similarly
another input port of signal processing circuit 76 is configured to receive a
defer indication signal from an output port of defer threshold circuit 72. An
output port of signal processing circuit 76 1s coupled to an input port of
memory 74 so as to vary the values of carrier detect threshold parameter and

defer threshold parameter stored in memory 74.
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In accordance with one embodiment of the present invention, each
mobile network station 18 receives data signals on a time slot basis during
its signal receiving mode, although the invention is not limited in scope in
that respect. During a time slot period, such as 20 ps, carrier detect
threshold circuit and defer threshold circuit determine the energy level of the
incoming signal. Carrier detect threshold circuit 70 monitors the incoming
data signal received via antenna 20. When a carrier signal 1s detected with
an energy level above the carrier detect threshold parameter, carrier detect
threshold circuit 70 provides a detect indication signal to signal processing
circuit 76. In response signal processing circuit 76 begins to process the

signal received via antenna 20. When the energy level of the received signal

1s also above the defer threshold parameter, deter threshold circuit 72
provides a defer indication signal to signal processing circuit 76 so as to
inform the mobile network station that no transmissions may be made in

order to avoid collisions over the communications channel employed by

local area network 10.

- Referring to Figure 3, an 1solated cell situation 1s illustrated from the
access point 12 perspective. The carrier signal level observed by mobile
network stations remotely located from access point 12 is illustrated by
curve 29 as a function of the distance of a network station from the access
point. Curve 29 is determined by the transmit power used at the access point
and the path-loss characteristics of the environment. The receiver capability
of a station within the i1solated cell is determined by the carrier detect
threshold levels, such as carrier detect thresholds illustrated by lines 32-1 or
32-2. As previously mentioned, the carrier detect threshold level 1s defined

as the carrier signal level, below which LAN stations 18-1, 18-2 will not



10

15

20

25

CA 02246866 1998-09-09

9

process the incoming data signals. As 1llustrated carrier detect threshold

level 32-2, intersects with curve 29 ét the distances -R2 and 4—R2, and

carrier detect threshold level 32-1 intersects with curve 29 at the distances -

R and +R. The distances at which the carmier detect threshold level line

crosses the carrier signal level curve determines the boundaries of the local
area network cell, within which mobile network stations may communicate
with access point 12.

As 1s evident, with the lower more sensitive carrier detect threshold
32-1, operation and reception over a wider range 1s accomplished. The
resulting cell by employing carrier detect threshold level 32-1 1s 1llustrated
as cell 28. Similarly, the resulting cell by employing carrier detect
threshold 32-2 is 1llustrated as cell 30. It is noted that network stations
operating with a carrier detect threshold level 32-2 are less sensitive than
network stations operating with a carrier detect threshold level 32-1.

The range of meaningful values for the carrier detect threshold level
has a lower boundary determined by the sensitivity of the receiver circuitry.
For example, setting the carrier detect threshold to a lower value will result
in a number of meaningless receive attempts, which may lead to
substantially high failure rate. By employing a less sensitive carrier detect
threshold parameter, the network stations of a local area network may be
able to operate within smaller cell sizes. Such small cell sizes may be
preferred when considering the possibilities for re-use of the same channel
in a relatively small area. Conversely, with the lower, more sensitive carrier
detect threshold level one can operate over a wider range.

With reference to Figure 4, in accordance with one embodiment of the

invention, the preferred relation between the defer threshold level illustrated
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as line 38 and the carrier detect threshold level 1llustrated as line 32-2 is
shown. Figure 4 illustrates the situation where the defer threshold is set at a
level below -- more sensitive than -- the carrier detect threshold, although
the invention is not limited in scope in that respect. For example, 1n
accordance with other embodiments of the invention, the carrier detect
threshold and the defer threshold may be vaned such that they attain
substantially the same level, or the carrier detect threshold is lower than the
defer threshold.

In accordance with one embodiment of the invention, in order to
determine the defer threshold level for a given carrier detect threshold, a
station, such as 40 at one side of the cell, for example at a distance R2, must
be taken and curve 33 corresponding to its carrier signal power be plotted as
a function of distance from station 40. Thus, curve 33 1llustrates the graph ot
observed level of a carrier signal, also referred to as a carrier signal curve,
received from station 40 as a function of distance. The level where curve 33
crosses the other side of the cell, for example at +R2, defines the defer
threshold level, identified as line 38, for this embodiment of the invention.

Accordingly, if there is a transmission from access point 12 the level
that any station in tﬁe gray area will respond to will be above the carrier
detect threshold level 32-2. As such, all stations will only receive what 1s
transmitted within the circle or cell size 30. However, the level of the
observed carrier signal, above which each station will deter transmission 1s
set at defer threshold level 38.

The medium access control arrangement illustrated in Fig. 4
substantially eliminates the so called hidden terminal problem. The hidden

terminal problem occurs when two terminals that cannot observe each other
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send a message to a third terminal, such as the access point, at the same
time. At this third terminal, such as access point 12, the two signals
interfere with each other leading to a co-channel interference. The third
terminal will at best receive one of the two messages, and often looses both
messages at the cost of precious bandwidth.

However, with the use of the medium access control arrangement of

Figure 4, a station on one edge of the cell defers for a station at the farthest

other edge of the cell. This is accomplished, as explained before, by
plotting the curve for one edge station and ensuring that the defer level
crosses this curve at the other cell edge. Choosing this level provides for a
local area network where all network stations deter to each other and where
each station can communicate with access point 12. As a result the hidden
terminal problems within the group of stations belonging to the cell, 1s
substantially eliminated.

The range of the defer threshold has a lower boundary determined by
the sensitivity of the carrier detect circuitry. Below a certain level, the
signal will not be detected and no defer will be done. The preferred relation
shown 1n Figure 4 cannot be achieved in the case where the carrier detect
threshold 32-2 is set to the lowest and most sensitive level possible. In that
case, the lowest meaningful defer threshold will not guarantee the wanted
deferral between two “edge stations” as shown in Figure 5.

When choosing a low carrier detect threshold value, a large cell size
with a radius R 34 is created and is shown in Figure 5. When plotting the
lowest meaningful defer threshold, the area where mutual deferral occurs
has a smaller size which is shown in the smaller circle having radius R 36.

When utilizing this combination of thresholds, the network stations may
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employ a channel access arrangement referred to as request-to-send/clear-
to-send ( RTS/CTS ) medium reservation mechanism to substantially avoid
the hidden station phenomenon. This channel access arrangement 1s
described in more detail in R.O. La Maire, A. Krishna, P. Bhagwat, J.
Panian, Wireless L ANs and Mobile Networking: Standards and Future
Directions, IEEE Communications Magazine, vol. 34, no. 8 pp. 86-94 (Aug.
1996), incorporated herein by reference.

Referring to Fig. 5, the total cell area 60 1s referred to as basic
coverage area (BCA). Using this terminology, the smaller area 62 1s called
the shared coverage area (SCA) to indicate that 1n this area medium sharing
rules in accordance with the present invention will be 1n effect. In a
preferred arrangement, the shared coverage area SCA is substantially equal
to the basic coverage area BCA.

When creating a cellular infrastructure system with the above defined
thresholds for the low level receiver and transmitter control, it is evident to
those skilled in the art that proper balance with roaming thresholds should
be maintained as discussed hereinafter. Where the carrier detect threshold
32-2 and the defer threshold 38 determine transmit/receive behavior of
stations and access points which belong to the same cell, a roaming
threshold level determines the instances where a mobile network station
decides to start up or stop participation in a cell. It is noted that a network

station may base its handover decisions on the currently contigured

capabilities of the receiver. In particular, when small cell sizes are required,
the roaming thresholds must be set such that stations will start searching for
a new access point in advance of the moment when the receiver becomes

physically incapable of receiving messages from the current access point.
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Additionally, in accordance with the principles of the present
invention, it i1s possible to define variable cell sizes that translate directly
into the possibility to control the density of cells and or access points to
cover a certain area. Many small cells 1n a certain area will mean more re-

use of the same channel, and thus better overall throughput than few large

cells.

By employing a variable threshold level for setting carrier detect
threshold and defer threshold, in accordance with the present invention, it 1s
possible to reduce the cell size, so as to increase the re-use of same
frequencies in a given area. One approach to reduce ce.ll s1zes 1s to decrease
the transmit power of each access point. Advantageously, another approach
is to raise the carrier detect and defer threshold layers in accordance with an
exemplary embodiment of the present invention as discussed above. Thus
each station ignores most of the signals in the cell area and attempts to listen
to those signals that are intended for it. Furthermore, each station attempts

to transmit a signal and not to defer, because of the smaller size of the cell,

knowing that the intended receiver is within this small cell area.

The present invention may be implemented in the state machine of a
MAC controller. When utilizing a state machine transceiver, and when a
valid modem carrier signal is detected with a receive level above the carrier
detect threshold, the transceiver considers this as a valid modem carrier
signal and starts the receiving process. When the receive level of the valid
modem signal is above the defer threshold, then the transceiver reports to
the MAC controller that the medium is occupied by making the control line
signal active.

[t should be understood that the preferred embodiments and examples
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described are for illustrative purposes only and are not to be construed as

limiting the scope of the present invention which is properly delineated only

in the appended claims.
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Claims:
L. A method of operating a wireless local area network station

comprising the steps of:

establishing a variable carrier detect threshold level, so as to define
a range of signal levels above which received signals are processed:;

establishing a variable defer threshold level, above which
transmission of signals 1s deferred;

recetving a carrier signal having a corresponding power signal
level;

transmitting a carrier signal when said power signal level is below
sald defer threshold level; and

processing said carrier signal intended for said network station

when said power signal level 1s above said variable carrier detect threshold level.

2. A method n accordance with claim 1 further comprising the step
of varying said variable carrier detect threshold level and said variable defer

threshold level.

3. A method 1n accordance with claim | turther comprising the step
of establishing said variable carrier detect threshold level to a level above said

variable defer threshold level.

4, A method in accordance with claim [ further comprising the step
of establishing said variable carrier detect threshold level to a level substantially

equal to said variable defer threshold level.

. A method 1n accordance with claim 1further comprising the step of
establishing said variable carrier detect threshold level to a bevel below said

detfer threshold level.
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6. A method m accordance with claim 1 further comprising the step
of selecting a carrier detect threshold signal level so as to define a
communication cell within which a plurality of mobile network stations

communicate with a predetermined base station.

7. A method n accordance with claim 6 wherein said step of
establishing defer threshold level comprises the steps of selecting a defer
threshold signal level such that it 1s substantially equal to a power level along the
power/distance curve of a station located at one edge of said communication cell
at a distance approximately located at the opposite side of said communication

cell.

g, A method in accordance with claim 1 wherein the size of said
communication cell 1s a tunction of said carrier detect threshold and said defer

threshold level.

9. A wireless local area network station adapted to transmit and
receive a signal within a communication cell, comprising:

a carrier detect threshold circuit configured to receive a carrier
signal having a power signal level, said carrier detect threshold circuit generating
a carrier detect indication signal when said power signal level is substantially
equal or larger than a variable carrier detect threshold level, so as to define a
range of signal levels above said variable carrier detect threshold level wherein
received signals are processed;

a defer threshold circuit contfigured to recetve said carrier signal
having said power signal level, said defer threshold circuit generating a defer
indication signal when said power signal level is substantially equal or larger
than a variable defer threshold parameter, above which transmission of signals 1s
deferred; and

a signal processing circuit coupled to said carrier detect threshold

circult and said defer threshold circuit so as to receive said carrier detect
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indication signal and said defer indication signal such that said signal processing
circult processes signal received by said network station in response to said
carrier detect indication signal and said signal processing circuit defers
transmission of signals by said network station in response to said defer

indication signal.

[0.  The system in accordance with claim 9 wherein the levels of said

carrier detect threshold level and said defer threshold level are variable.

1.  The system 1n accordance with claim 10 wherein said carrier detect

threshold level i1s above said deter threshold level.

12.  The system in accordance with claim 10 wherein said carrier detect

threshold level 1s substantially equal to said defer threshold level.

13.  The system in accordance with claim 10 wherein said carrier detect

threshold level is below said deter threshold level.

14.  The system in accordance with claim 9 wherein said defer
threshold level 1s substantially equal to a power level along the power/distance
curve of a station located at one edge of said communication cell at a distance

approximately located at the opposite side of said communication cell.

15.  The system in accordance with claim 9 wherein the size of said

communication cell 1s a function of said carrier detect threshold and said defer

threshold level.
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